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BIMENCLOSURES 
ALL M ETAL BIMCASES 

Red , Grey or Orange 14swg 
A lum inium removable top 
and bottom covers. 18 swg 

black m ild steel chassis with 
f ix tng support brackets. 

BIM 3000 
(250x167.5x68 .5mm) 
£ 15.52 . 

ALL METAL B'MCONSOLES 

MINI DESK BIMCONSOLES 
Orange, Blue, Black or 

Grey ASS body in­
corporates 1.8mm pcb 
guides, stand-off bosses 

-'/ ,· in base with 4 BIMFEET 
:,:;: · supplied. 1mm Grey Aluminium 

?"panel sits recessed with fixing screws 
into integral brass bushes. · 
BIM 1005 ( 161 x 96 x 58mm) £2.48 
BIM 1006 (215 x 130 x 75mm) £3.48 

All aluminium, 2 piece desk consoles with Colour Code Top Pane l Base 
either 15° or 30° sloping fronts, sit on A O ff White Blue 

4 se lf -adhesive non-slip rubber feet. B Sand Green 
Ventilation slots in base and rear C Satin Black Gold 
panel for excellent cooling. See latest catalogue for new st y les and si zes 

15° Sloping Pane l 30° Sloping Panel 
BI M 7151 ( 102x 140x51 [28) mm) BIM7301 ( 102x 140x76[28] mm) 
8 1M7152 (165x1 40x51[28]mm) BIM7302 (165x1 40x76[28]mm) 
BIM7153 (165x216x51[28]mm) BIM7303 (165x183x102[28 ) mm) 
BIM7154 ( 165x211x76[33] mm) BIM7304 (254x 140x 76[28] mm) 
BIM7155 (254x211x76[33] mm) BIM7305 (254x 183x102[28] mmt 
BIM7156 (254x287x76[33) mm) BIM7306 (254x259x 102[28) mm) 
BIM7157 (356x211x76[33) mm) BIM7307 (356x183x102[28) mm) 
BIM7158 (356x287x76[33) mm) BIM7308 (356x259x102[28 ) mm) 

ABS & DIECAST BIMBOXES 

£11.36 
£12 .28 
£13.43 
£14.83 
£16.36 
£17.71 
£18.83 
£19 .92 

BIM 4003 (85x56x28.5mm) 
BIM 4004 (111x71x41 .5mm) 
BIM 4005 (161x96x52.5mm) 

£1.34 
£1 .84 
£2.48. 

LOW PR OFILE BIM CONSO LES 

Orange, B lue, B lack or 
Grey ABS body has 
ventilation slots as w ell 
as 1.8mm pcb guides 
and stand-off bosses in 
base . Double ang le 
recessed front panel 
with 4 fix ing screws 
into integral brass 
bushes. 4 BIMFEET 
suppl ied. 

BIM 6005 (143 x 105 x 55.5 [31.5] mm) 
BIM 6006 ( 143 x 170 x 55.5 [31.5] mm) 
BIM 6007 (214 x 170 x 82.0 [31 .5] mm) 6 sizes in ASS or Diecast Aluminium. ASS moulded in Orange, Blue, 

Black or· Grey. biecast Aluminium in Grey Hammertone or Natural. All . 
boxes incorporate 1.8mm pcb guides, stand-off supports in base and have 
close fitting flanged lids held by screws into integral brass bushes lABS) 
ortapped holes (Diecas:t). 

· Orange , Blu e, Black or Grey ABS 
. ~~ EUROCARD BIMCONSO LES 

ABS ~
" body ace. epts fu II or y, siz e 

Eurocards, with bosses m the 
"' base for direct fixing . 1.8mm 50x50x25mm) 

(100x50x25mm) 
(112x62x31mm) 
( 120x65x40mm) 
( 150x80x50mm) 

N/A 
BIM2002/12 
BIM2003/13 
BIM2004/14 
BIM2005/15 
BIM2006/16 

£1.09 

Die cast 
BIM5001/11 
BIM5002/12 
BIM5003/13 
BIM5004/14 
BIM5005/15 
BIM5006/16 

Hammertone 
£1 .54 
£1.66 
£2.24 
£2.81 
£3.19 
£4.94 

Natural 
£1.23 
£1 .32 
£1 .70 
£2.11 
£2.72 
£3.96 

· . wide pcb guides incorporated 
' and 4 BIMFEET supplied . 1mm 

( 190x 110x60mm) 

. £1.27 
£1.51 
£1 .72 
£2.69 

Also available in Grey Polystyrene with no slots and self-tapping screws 
BIM 2007/17 (112x61x31mm) £1 .06 

BIMTCOLS + BIMACCESSCRIES 
MAINS BIMDRILLS 
Small, powerful 240V hand drill complete with 2 metres of cable and 
2 pin DIN plug . Accepts all tools with 1 mm, 2mm or .125" dia . shanks 
Drills brass, steel, aluminfum and pcb's. Under 250g, off load speed 

. . ·' 7500 rom . Oranoe ASS. hiqh impact , fully insulated body with ..integral 
· on/off switch £11.21 

Mains Accessory Kit 1 includes 1 mm, 2mm; ·.125" twist drills; 5 burrs 
and 2.4mm .collet £2.64 

Mains Kit 2 includes Mains BIMDRI L,.L as above, 20 assorted drills, mops, burf.s, grinding 
wheels and mounted points, 1 mm, 2nim, 2.4mm and .125" collets. Complete ih trans- , 
parent case measuring 230x 130x58mm £23:57 

BIMDAPT.ORS 
Allows pcb's to be flat mounted sandwich fashion in 
BIMBOXES, BIMCONSOLES, and all other enclosures 
having 1.5mm wide vertical guide slots. One plastic 
BIMDAPTOR on each corner of pcb(s) enables 
assembly to be simply slid into place. 54mm long, 10 
slots on 5mm spacing and can be simply snipped off 
to length . £1.15 per pack· of 25 . 

BIMFEET 
11 mm dia. 3mm high, grey rubber ~if- adhesive enclosu re feet. 
£0.81 per pack.of 24. 

12 VOLT BIMDRILLS 
2 small, powerful drills easily hand held or used with lathe/stand adaptor. 
Integral on/off switch and 1 metre cable . 

Mini BIMDRILL with 3 collets up to 2.4mm dia. £ 8.62 
Major BIMDRILL with 4 collets up to 3mm dia . £14.49 

Accessory Kits 1 have appropriate drills and collets as above plus 20 assorted 
tools. Mini Kit 1 - £16.10, Major Kit 1 - £20 .70 . Accessory Kits 2 have appro­

pr iate drills, collets plus 40 tools and mains-12V de adaptor. Mini Kit 2-£36.22 , 
Major Kit 2 - £41 .97. Accessory Kits 3 as appropriate Kits 2 plus stand/lathe unit. 
Mini Kit 3-£48 .30, Major Kit 3-£54.05 . · 

Grey alumin ium lid sits flush with body 
top and held py 4 screws into integral brass bushes. 

BIM 8005 (169x127x70[45]mm) £4 .7 1 
BIM 8007 (243x 187x103[66) mm) £6 .70 . 

OIL 

COMPATIB LE 

BIMBOA RDS 

Accept all sizes 
(4-50 p in) of D l L IC 
packages as well as 
resistors. diodes. 
capacitors and LE Ds. 
Integral Bus Str ips 
up each side fo r · 
power lines and 
Component Support 
Bracket for hold ing 
lamps, switches and 
fuses etc. Ava i lable 
as single or multiple 

units, the latter mounted on 1.5mm thick 
black a luminium back plate which stand on 
non slip rubber feet and have 4 screw 
terminals for incoming power. 

BIMBOARD 1 has 550 sockets , mult iple un i ts 
utilising 2, 3 and 4 BIMBOARDS incorporate 
1100. 1650 <!nd 2200 sockets, all on 2 .5mm 
(0_1") matrix . 

BIMBOARD l £ 9.40 

BIMBOARD 2 £22.37 

BIMBOARD 3 £31.831 

BIMBOARD 4 £41 .53 

DESIGNER PROTOTYPIN G SYSTEM 

1. 2 , or 3 BIMBOARDS mounted on BIM 6007 
BIMCONSOLEwith Integral Power Supply 
(±5 to ±15Vdc@ 100mA and fixed +5Vdc@ lA) 
All 0/P's fully isolated . Short circuit and fast fold 
back protect ion. Power rai Is brought out to cable 
clamps that accept stripped wtre or 4mm pl ug. 

WIRELESS WORLD , OCTOBER 1 979 

See us at EIVIIX, Bristol 23-25 Oct. 1979 

DON'T GAMBLE· 
WITH PERFORMANCE 
BUY 
LEVELL OSCILLATORS 
FREQUENCY 

ACCURACY 

SINE OUTPUT 

DISTORTION 

SQUARE OUTPUT 

SYNC OUTPUT 
SYNC INPUT 
METER SCALES 

SIZE & WEIGHT 

TG200 TG200D 

1Hz to 1MHzin 12 ranges. 
0 to 1% fine control on TG200DMP . 
:1:" 1 .5% :1:" 0.01 Hz up to 100kHz 
:1:" 2% up to 1 MHz. 
7V r.m.s .. down to< 200f-IV with Rs == 
6000 . 
<0 .05% from 50Hz to 15kHz, 
<0.1%from 10Hzto 50kHz, <0.2% 
from 5Hz to 150kHz,< 1% at 1Hz and 
1MHz. 
TG200D. OM & DMP only, 7V peak 
down tcJ <200f-IV. Rise time 
< 150nS . 
< IV r.m .s. sine in phase with output 
-:i: l% freq . lock range per volt r.m.s. 
TG200M , OM & DMP only. 0/2V' 
0!7V& ~ 14/+6dBm : . 
260 X 130 x l80mm. 4 .3kg with 
batteries. 

TG200M TG200DM TG200DMP 

·£92 £99 £115 £120 £125 
FREQUENCY 
ACCURACY 

SINE OUTPUT 
DISTORTION 

SQUARE OUTPUT 
SYNC. OUTPUT 
METER SCALES 

SIZE & WEIGHT 

TG152D 

Without 
meter £74 
FREQUENCY 

ACCURACY 

SINE OUTPUT 

DISTORTION 

METER SCALES 
SIZE & WEIGHT 

TG66B 

3Hz to 300kHz in 5 deCad~ ranges. 
:t- 2% :t:- 0 .1 Hz to 1OOkHz. . 
Increasing to:+- 3% at 300kHz, 
2.5V r.m.s. down to <200fl V 
<0.2% f rOm 50Hz to 50kHz. 
< 1% from 1OHz to 200kHz . 

. 2 .5V peak down to .< 200f-IV . . 
2.5Vr.m .s. sine . . 

.,.·:0/2.5V & -10/ + 10dB on 
:TG 152DM . 
260 X 130 X 180mm . 3 .. 4kg w (th 
batteries. 

TG152DM 

With 
meter ·£92 

0 .2Hz to 1.22MHz on four decade 
controls . 
:+ 0 .02Hz below 6Hz . 
:+ 0 .3% from 6Hz to 1OOkHz. 
:+ 1% from 1OOkHz to 300kHz . 
:+ 3% above. 300kHz . 
5V r. m .s. down to 30fl·v with Rs 
6000 . 
< 0 .15% from 15Hz to 15kHz. 
< 0 .5% at 1.5Hz and 150kHz. 
2 Expanded voltage ~nci ~2/+4dBm 
260 X 180 X l80mm. 5.4kg. 

TG66A 

Battery 
model £245 Mains & 

battery model . £260 
Prices are ex works with batteries. Carriag~, packing and VAT 
extra . 
Optional ex tras are leather cases and mains power units . 
Send for data covering our range of portable instruments. 

MOXON STREET, BARNET, HERTS., ENS 5SD. 
TEL: 01-449 5028/ 440 8686 
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BIMENCLOSURES 
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and bottom covers. 18 swg 

black m ild steel chassis with 
f ix tng support brackets. 
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Orange, Blue, Black or 

Grey ASS body in­
corporates 1.8mm pcb 
guides, stand-off bosses 

-'/ ,· in base with 4 BIMFEET 
:,:;: · supplied. 1mm Grey Aluminium 

?"panel sits recessed with fixing screws 
into integral brass bushes. · 
BIM 1005 ( 161 x 96 x 58mm) £2.48 
BIM 1006 (215 x 130 x 75mm) £3.48 

All aluminium, 2 piece desk consoles with Colour Code Top Pane l Base 
either 15° or 30° sloping fronts, sit on A O ff White Blue 

4 se lf -adhesive non-slip rubber feet. B Sand Green 
Ventilation slots in base and rear C Satin Black Gold 
panel for excellent cooling. See latest catalogue for new st y les and si zes 

15° Sloping Pane l 30° Sloping Panel 
BI M 7151 ( 102x 140x51 [28) mm) BIM7301 ( 102x 140x76[28] mm) 
8 1M7152 (165x1 40x51[28]mm) BIM7302 (165x1 40x76[28]mm) 
BIM7153 (165x216x51[28]mm) BIM7303 (165x183x102[28 ) mm) 
BIM7154 ( 165x211x76[33] mm) BIM7304 (254x 140x 76[28] mm) 
BIM7155 (254x211x76[33] mm) BIM7305 (254x 183x102[28] mmt 
BIM7156 (254x287x76[33) mm) BIM7306 (254x259x 102[28) mm) 
BIM7157 (356x211x76[33) mm) BIM7307 (356x183x102[28) mm) 
BIM7158 (356x287x76[33) mm) BIM7308 (356x259x102[28 ) mm) 

ABS & DIECAST BIMBOXES 

£11.36 
£12 .28 
£13.43 
£14.83 
£16.36 
£17.71 
£18.83 
£19 .92 

BIM 4003 (85x56x28.5mm) 
BIM 4004 (111x71x41 .5mm) 
BIM 4005 (161x96x52.5mm) 

£1.34 
£1 .84 
£2.48. 

LOW PR OFILE BIM CONSO LES 

Orange, B lue, B lack or 
Grey ABS body has 
ventilation slots as w ell 
as 1.8mm pcb guides 
and stand-off bosses in 
base . Double ang le 
recessed front panel 
with 4 fix ing screws 
into integral brass 
bushes. 4 BIMFEET 
suppl ied. 

BIM 6005 (143 x 105 x 55.5 [31.5] mm) 
BIM 6006 ( 143 x 170 x 55.5 [31.5] mm) 
BIM 6007 (214 x 170 x 82.0 [31 .5] mm) 6 sizes in ASS or Diecast Aluminium. ASS moulded in Orange, Blue, 

Black or· Grey. biecast Aluminium in Grey Hammertone or Natural. All . 
boxes incorporate 1.8mm pcb guides, stand-off supports in base and have 
close fitting flanged lids held by screws into integral brass bushes lABS) 
ortapped holes (Diecas:t). 

· Orange , Blu e, Black or Grey ABS 
. ~~ EUROCARD BIMCONSO LES 

ABS ~
" body ace. epts fu II or y, siz e 

Eurocards, with bosses m the 
"' base for direct fixing . 1.8mm 50x50x25mm) 

(100x50x25mm) 
(112x62x31mm) 
( 120x65x40mm) 
( 150x80x50mm) 

N/A 
BIM2002/12 
BIM2003/13 
BIM2004/14 
BIM2005/15 
BIM2006/16 

£1.09 

Die cast 
BIM5001/11 
BIM5002/12 
BIM5003/13 
BIM5004/14 
BIM5005/15 
BIM5006/16 

Hammertone 
£1 .54 
£1.66 
£2.24 
£2.81 
£3.19 
£4.94 

Natural 
£1.23 
£1 .32 
£1 .70 
£2.11 
£2.72 
£3.96 

· . wide pcb guides incorporated 
' and 4 BIMFEET supplied . 1mm 

( 190x 110x60mm) 

. £1.27 
£1.51 
£1 .72 
£2.69 

Also available in Grey Polystyrene with no slots and self-tapping screws 
BIM 2007/17 (112x61x31mm) £1 .06 

BIMTCOLS + BIMACCESSCRIES 
MAINS BIMDRILLS 
Small, powerful 240V hand drill complete with 2 metres of cable and 
2 pin DIN plug . Accepts all tools with 1 mm, 2mm or .125" dia . shanks 
Drills brass, steel, aluminfum and pcb's. Under 250g, off load speed 

. . ·' 7500 rom . Oranoe ASS. hiqh impact , fully insulated body with ..integral 
· on/off switch £11.21 

Mains Accessory Kit 1 includes 1 mm, 2mm; ·.125" twist drills; 5 burrs 
and 2.4mm .collet £2.64 

Mains Kit 2 includes Mains BIMDRI L,.L as above, 20 assorted drills, mops, burf.s, grinding 
wheels and mounted points, 1 mm, 2nim, 2.4mm and .125" collets. Complete ih trans- , 
parent case measuring 230x 130x58mm £23:57 

BIMDAPT.ORS 
Allows pcb's to be flat mounted sandwich fashion in 
BIMBOXES, BIMCONSOLES, and all other enclosures 
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pr iate drills, collets plus 40 tools and mains-12V de adaptor. Mini Kit 2-£36.22 , 
Major Kit 2 - £41 .97. Accessory Kits 3 as appropriate Kits 2 plus stand/lathe unit. 
Mini Kit 3-£48 .30, Major Kit 3-£54.05 . · 
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DISTORTION 

SQUARE OUTPUT 

SYNC OUTPUT 
SYNC INPUT 
METER SCALES 

SIZE & WEIGHT 
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batteries. 
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FREQUENCY 
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SINE OUTPUT 
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SQUARE OUTPUT 
SYNC. OUTPUT 
METER SCALES 

SIZE & WEIGHT 
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Without 
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FREQUENCY 

ACCURACY 

SINE OUTPUT 
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METER SCALES 
SIZE & WEIGHT 
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extra . 
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MOXON STREET, BARNET, HERTS., ENS 5SD. 
TEL: 01-449 5028/ 440 8686 

WW-067 FOR FURTHER DETAILS 
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MU. .. LS.ANK 
Mt·t. &e:~ f ~.f.; "rYIIO 

Your ~ttentiOn please! 
. MIL s~nes ampltfte:rs are designed and 

pnce:d f~r tnstallattons tn a wide range of 
appltcattons including churches schools 
restaurants, factories, shops and offices.' 

tun~rs and preannouncement chimes are 
available options. 

f .. E~ch amplifier is available with input 
~ctltttes for microphones and music sources· 

stx programme push button AM tuners or FM ' 

. O':le model incorporates automatic 
swttchtnf) to a battery supply in the event of a­
power fa1lure. 

. Such a versatile system can confidently 
sattsfy your exact requirements. 

Please tick as required. 
For further information on .this product 0 0 Complete range of sound equipment 

~~~~~~~=~o~n------------~--~----
111 Attach this coupon to your letter heading and send to· 
MILLBANK MILLBANK ELECTRONICS GROUP LIMIT . P.O. BOX 33, UCKFIELD, SUSSEX. ENGLA~~-MARKETING SERVICES UNIT, 

WW-049 FOR FURTHER DETAILS 

WIRELESS WORLD , OCTOBER 1979 5 

An impressive new development 
at Crellon. 

. ~,itronix is our most recent newcomer. 
Th1s .•s v_ery much in line with the Crellon policy of ~cting 
as d1stnb~tor f?r only the finest principals . 

The L1tron1x range is as impressive as its famous 
nome and covers the following products· 

LED's - . 
red, yellow, orange, green and infra-red Photo-transistors. 

Opto isolators -
in a range that includes jedec types, high speed duals 
and quads. - · . ' 

· Displays-
including 7 segment and 16 segment alphanumeric. 

lntellig~nt displays, too, alphanumeric with memory 
decoder, dnver and control circuitry, new smaller size ' 
package and much foster access time. 
. _Add to all t~is the prompt, helpful and reliable Crellon 
ser~1ce and you II soon see why, when it comes to distribution 
we ve got· plenty of muscle. ' 

There's a very informative data pock avail~ble -
telephone or complete the reader reply card. 

·::~~~:.·1 itronix 
·• ; ; •. Ideas with logic. 

Crellon Electronics Ltd., 380 Bath Road, Slough, Bucks 
Tel: Burnham (06286) 4434. Telex : 847571 

WW- 017 FOR FURTHER DETAILS 
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Peace and quiet 

> 

The quietest sound the ear can hear moves 
the eardrum about l0-9cm, one tenth the diameter 
of a hydrogen molecule. Movement due to 
random thermal bornbardment of the eardrum 
by air molecules is around this same level and 
largely accounts for this limit of sensitivity.* · 

But the distortion contribution from a QUAD 
405 amplifier in normal use (say 85dBa) moves 
the eardrum less than this amount: 

Perhaps sitting in a very quiet room at -lOOOC 
and without the music we might nearly hear them 
.... but "'tis bitter cold:' 

For further details on the full range of QUAD 
products write to: 

The Acoustical Manufacturing Co. Ltd. 
Huntingdon, PElS 7DB. Tel: (0480) 52561. 

*Sensitivity is never made more acute by the presence of other sounds. 

QUAD 
for the closest approach 

to the original sound 
QUAD is a Registered Trade Mark 

WW- 066 FOR FURTHER DETAILS 
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A 63-key ASCII keyboard with 625-line 
TV interface, 4-page memory and 
microprocessor interface. Details in 
our ·catalogue. 

Our catalogue even includes some 
popular car accessories at marvellous 
prices. 

A 10-channel stereo graphic equaliser 
with a quality specification at an 
unbeatable price when you build it 
yourself. Full specification in our 
catalogue. 

These are just sor:ne of the metal cases 
we stock. There are dozens of plastic 
ones to choose from as well . · 
See pages 52 to 57 of our catalogue. 

A mass1ve new 
catalogue from 
Maplm that's even 
b1gger anci better 
than before. lf you 
ever buy electro me 
components. th1s 1s 
the one catalogue 
you must not be 
wrthout. Over 280 
pages- some m lull 
colour -rt's a 
comprehensive 
gurde to electromc 
components wrth 
hundreds of 
photographs and 
rllustrat1ons and 
page after page of 
Invaluable data. 

Our b1·monthly newsletter conta1ns guaranteed pnces. 
spec1a l offers and all the latest news from Maplrn 

Mobile amateur radio, TV and FM 
aerials plus lots of accessories are 
described in our catalogue. 

A digitally controlled stereo 
synthesiser the 56005 with more 
facilities than almost anything up to 
£3,000. Build it yourself for less than 
£700. Full specification in our 
catalogue. 

A superb range of microphones and 
accessories at really low prices. 
Take a look in our catalogue- send the 
coupon now! 

An attractive mains alarm clock with 
radio switching function and battery 
back up! Complete kit with case only 
£15.92jincl. VAT & p & p) MA1023 
module only £8.42jincl. VAT). 

ELECTRONIC SUPPLIES LTD 

WW- 070 FOR FURTHER DETAILS 

A superb technical books hop in your 
home! All you need is our catalogue. 
Post the coupon now! 

A hi-fi stereo tuner with medium and 
long wave, FM stereo and UHF TV · 
sound! Full construction details in our 
catalogue. · 

All mail to:-

Add-on bass pedal unit for organs. 
Has excellent bass guitar stop for 
guitarists accompaniment. 
Specification in our catalogue. 

PO. Box 3, Rayleigh, Essex SS6 8LR 
Telephone: Southend (0702) 554155. 
Shop: 284 London Road, Westcliff-on-Sea, Essex. 
(Closed on Monday). 
felephone: Southend (0702) 554000. 
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Ourearlyinvolvementca ake all the.difference in 
· .· · gettingagoo~deaoff the ground. 

In this age of advanced technology, . 
design engineers occasionally need· the help 

· of a specialist in solving specific problems­
above all in the field of electrical connection. 

AMP Sales Engineers are qualified to 
give just such advice. And the earlier they 
are involved the more help the yean give. 

The specific knowledge of our engineers 
is supplemented by the research and 
development resources and application 
experience of a multi-national company-the 
leader in its field. . 

From specialist aeronautical · develop- . 
ments like Concorde to long-run domestic 
appliance products the experience of AMP 
is broadly based.And because we're involved 
in such projects the sophisticated techniques 
developed to serve extreme envir9nments 
are readily available to increase reliability 
and efficiency in other fields. 

With manufacturing centres distri­
buted throughout the world, a constant 
cross-fertilisation of ideas occurs between 
all AMP companies. Multi-national service 
of this proportion not only provides prompt 
world-wide availability, but also safeguards· 
the continuous supply of components by 
dual-sourcing of manufacture. 

So call in AMP on your next design 
job. Thlephone 01-954 2356. You'll certainly 
find our early involvement a great help. 

AMP 
Our connections f1t in 

with your ideas 
AMP OF GREAT BRITAIN LTD., TERMINAL HOUSE, STANMORE, MIDDX. 

WW- 007 FOR FURTJfER DETAILS 
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WW-048 FOR FURTHER DETAILS 

FOR THE PRICE OF. 
I P TS-

TH El PUTS. 

Consider the cost­
effective TC 314. 
It's cost-effective because 
Gould Advance engineered 
the TC314 exceptionally 
well. 

To .the point that our 
instrument costs no mor,e 
than others having two 
channels~ wheo we deliver 
three. 

As you can see from the 
front panel, it covers from DC 
to 50 M Hz, has a unit 
annunciator with indication 

. of overspill and gate open 
and has store or follow mode 
with variable sample rate. 

Glance, too, at the 
functions: frequency, period, 
to La lise, ratio and time. 

And, as you'd-expect from 
Gould Advance, we use the 

seven-segment Sperry/ 
Beckman displays; so 
readaqle over a wide angle. 

Our data also reveals all. 

Our display: the big _ 
one. 

If you don't need 
somuchyou . ·. 
wanttheTCJU• 

This instrument gives you just 
two channels-and costs less . 

. Nonetheless, the spec. is 
similar to the TC3f4 with a 
bandwidth of DC to 10 M Hz. 

? GOULD 
An Electrical/Electronics Company 
Gould Instruments Division, 
Roebuck Road, Hainault, Essex 1 G6 3U E 
Telephone : 01-500 1000. Telex: 263785 
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Before you 
read another 
meter, read 
about our 
latest ideas 
onDMMs 
~ m odel46 3 

-- . . 

DIGITAL MULTIM ETER 

~-· - :r. 
V V mA 

MAlt 
1ooov:-:-: soov~ 

Have you got the facts on our new 
Model,463 giving you ·200 hours 
operation from a transistor battery? 
Compact and versatile, this new meter 
is the latest addition to our range of 
competitively priced DMMs built to 
high performance standards. · 
For your up-to-date information pack 
on our DMMs range write, 'phone or 
telex now. 

Bach-Simpson 
· ~ 

Bach-Simpson (UK) Limited, 
Trenant Estate, Wadebndge, Cornwall PL27 6HD 

Tel (020881) 2031 Telex: 45451 

WW- 078 FOR FURTHER DETAILS 

WIRELESS WORLD, OCTOBER 1979 

, -' I I 
i I I 

f[?L-
~Tcon!ro!o 

qy kW 

Watts in Digits! 
NEW from Anders. Panel­
mounted wattmeters that 
give you a clear, precise 
digital display. No more 

mis-reading dials. 

Ask for further details on the 
new Contrology Range of 

DIGITAL Wattmeters, 
Voltmeters, Ammeters, 

Frequency Meters, Power 
Factor Meters and matching 
DC panel meters. Standard 

versions ex-stock. 

• Unique design-no 
separate transducers 
required. 

• Single- and three­
phase versions. 

• Rugged, reliable and 
accurate. 

• Measures 'true power', even 
with distorted wave forms. 

• From £85.50-discounts 
for quantity~ompetitive 
with analogue equivalents. 

ADDERS mEADS mETERS 
Anders Electronics Ltd., 48-56 Bayham Place, London , NW1 OEU 

Tel: 01-387 9092 Telex: 27364 · 
WW- 095 FOR FURTHER DETAILS 

I~ we told you the best way 
to talk to your staff •.• 

what -would you say? 
We can tell you how to talk to your secretary, your 

. accounts clerk, your foreman -or. to all of them at once. We 
can now offer you the first really practical and economical 
duplex intercom -for all communication needs. 

• The first 100% British designed and manufactured duplex 
intercom system 
• Employs the smallest known control unit 
• Offers paging facility as standard 
• Conference facility up to 8 stations-also standard 
• Uses less cable than competitive systems. 

Easier to install"- More standard facilities-And less 
expensive than most other systems 

II Barkway Electronics Ltd, Barkway, Royston, 
Herts SGS SEE 
Telephone Barkway (0763 84) 666 
Telex 817651. Barcom G 

WW - 055 FOR FURTHER DETAILS 
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The alternative source that's near to hand ... 
KGM. A video production line with high volume capability, 

here tn Europe. Ready to meet your orders for open frame 
monitor chassis that neatly replace those long-range imports 

. you're using currently. Same mounting, same international­
standard connections. But one big, competitive advantage ... 

We're so much nearer, with the stocks, fast production 
response, spares and service you could only expect from a home based source. KGM prices are 

highly competitive too, especially on big orders. We can prove that with a quote, but how about product 
performance? ... 
The $Pecifications you want ... bright, clear CRT data display, with superior resolution. 
The quality you get from years of video experience. Your popular screen sizes, in any phosphor colour. 

. Latest miniaturised pcb construction of course, in an open chassis that allows screen tilt and mounting -
variations to fit your package. 
So if you buy video display this way ... call KGM now. See how keen we are to win your next order. 

KGM ELECTRONICS Ll M I TED 'F ELECTRONICS 
Clock Tower Road, lsleworth, MiddlesexTW7 6DU, England. I\;(::} Lf I LIMITED . 
Telephone: 01-568 0151. Telex: 934120 . · · 

WW- 041 FOR FURTHER DETAILS 
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. accounts clerk, your foreman -or. to all of them at once. We 
can now offer you the first really practical and economical 
duplex intercom -for all communication needs. 

• The first 100% British designed and manufactured duplex 
intercom system 
• Employs the smallest known control unit 
• Offers paging facility as standard 
• Conference facility up to 8 stations-also standard 
• Uses less cable than competitive systems. 

Easier to install"- More standard facilities-And less 
expensive than most other systems 

II Barkway Electronics Ltd, Barkway, Royston, 
Herts SGS SEE 
Telephone Barkway (0763 84) 666 
Telex 817651. Barcom G 

WW - 055 FOR FURTHER DETAILS 
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The alternative source that's near to hand ... 
KGM. A video production line with high volume capability, 

here tn Europe. Ready to meet your orders for open frame 
monitor chassis that neatly replace those long-range imports 

. you're using currently. Same mounting, same international­
standard connections. But one big, competitive advantage ... 

We're so much nearer, with the stocks, fast production 
response, spares and service you could only expect from a home based source. KGM prices are 

highly competitive too, especially on big orders. We can prove that with a quote, but how about product 
performance? ... 
The $Pecifications you want ... bright, clear CRT data display, with superior resolution. 
The quality you get from years of video experience. Your popular screen sizes, in any phosphor colour. 

. Latest miniaturised pcb construction of course, in an open chassis that allows screen tilt and mounting -
variations to fit your package. 
So if you buy video display this way ... call KGM now. See how keen we are to win your next order. 

KGM ELECTRONICS Ll M I TED 'F ELECTRONICS 
Clock Tower Road, lsleworth, MiddlesexTW7 6DU, England. I\;(::} Lf I LIMITED . 
Telephone: 01-568 0151. Telex: 934120 . · · 

WW- 041 FOR FURTHER DETAILS 
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·THINK.OFA SHAPE 
~ .~ 

S 5000 -dual channel 
up to 500W I RMS per 

. channel DC-2(] KHZ . 

Whatever it is, the HIIH 'S' rang.e 
of power amplifiers.will handle it 

The HIIH 'S: range iS designed to handle heavy ind~strial usage in the fields of vibrator 
·.driving, variablefrequency -power su-pplies and servo motor systems. 

s 5000 
Dual Channel 
1 9"_ rack mo~nt 3Y2" high 
500w r.m.s. into 2.5 ohms per channel 

. 900w r;m.s. in bridge m~de · 
~C-20 KHZ at full power 
0.005% harmonic distortion (typical) at 
300w r .m.s. into 4 ohms at 1 KHZ · 
3KW dissipation from in-built force cooled 

.. dissipators 

s 2500 
Single Channel 
-19" rack mount 3Y2" high 
500w r .m.s. into 2.5 ohms 
Retro-convertible to dual channel 
DC-20 KHZ at full power 
Full short and open circuit protection 
Drives totally reactive loads with no 
adverse effects 

A complete . range of matching transformers and peripheral equipment for closed ioop·, 
constant current and voltage· use are available. · . . . .· · ... -
Alternative input and output termination to order . . Rack case for bench .use built .to . 
specifications. For complete data write or call. · · 

Kirkham ElectrOnics 
MILL HALL, MILL LANE, PULHAM MARKET, DISS, NORFOLKIP-21 4XL 

. DIVISiON OF K.R.S. LIMITED 
./ TELE.,HONE (037 976) 639(594 

.. FRANCHISED COMMERCIAL AND_INDUS'tRIAL AGENTS f()R HIIH ELEC-
. WW- 063 FOR FURTHER DF.:TAILS 

£ · 

WIRELESS WORLD, OCTOBER 1 979 
. . . . 

How to be· 
16 ·places at once, 

When'sthe last time you had a · 
nice chat with an integrated circuit? AU 
you need is something to translate 
what's happening in its simple little 
logical mind. Something like our 

. popular: Logic Monitors. 
Clip one onto an IC-. any DIP up to 

16 pins-and the 16 LEOs on top of our 
Logic Monitor follow the state of each 

pin. You have, in effect, 16 tiny logic 
probes in one pocket-size 
circuit-powered instrument. 

And, as everyone knows, 16 LEOs 
are better than one. Because with just a· 
glance, you can see inputs affecting 
outputs, a whole IC at a time. When 
you think about it, it's the logical way 
to look at IC's! · 

I . .": ·. ' .. • 

15 

CONTINENTAL SPECIALTIES CORPORATION r- • • •----- • • •-------., 

= 5 = 
CONTINENTAL SPECIAL TIES CORPORATION. DEPT. 7X I Unit 1, Shire Hill Industrial Estate, Saffron Wal_den, Essex. . 1 

I Name . , 1 Address 

EUROPE, AFRICA, MIDEAST· esc LJ K L TO . I Inc P&P and 15% VAT . "I 
DEPT. 7X LM l£

34 
lenclosecheque/ .. FREECatal()gue. · . . · 

Shire Hill Industrial Estate Units 1 and 2 •.. I - .44 PO for£ · tick boxO ·. ·• . 
Saffron Walden, Essex CB 11 3AQ Phon · · I · T I h . SAFFRON WALDK=N (0799) 21682 e your order With Access, Barclaycard . . . .· . . . . 
rt~P81°7~~-7 ~ Lor Amencan Express Card No. . . . . . Expiry date . . . .• -----------------· WW--,- 019 FOR FURTHER DETAILS . 
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DC-20 KHZ at full power 
Full short and open circuit protection 
Drives totally reactive loads with no 
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A complete . range of matching transformers and peripheral equipment for closed ioop·, 
constant current and voltage· use are available. · . . . .· · ... -
Alternative input and output termination to order . . Rack case for bench .use built .to . 
specifications. For complete data write or call. · · 

Kirkham ElectrOnics 
MILL HALL, MILL LANE, PULHAM MARKET, DISS, NORFOLKIP-21 4XL 
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nice chat with an integrated circuit? AU 
you need is something to translate 
what's happening in its simple little 
logical mind. Something like our 

. popular: Logic Monitors. 
Clip one onto an IC-. any DIP up to 

16 pins-and the 16 LEOs on top of our 
Logic Monitor follow the state of each 

pin. You have, in effect, 16 tiny logic 
probes in one pocket-size 
circuit-powered instrument. 

And, as everyone knows, 16 LEOs 
are better than one. Because with just a· 
glance, you can see inputs affecting 
outputs, a whole IC at a time. When 
you think about it, it's the logical way 
to look at IC's! · 
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CONTINENTAL SPECIAL TIES CORPORATION. DEPT. 7X I Unit 1, Shire Hill Industrial Estate, Saffron Wal_den, Essex. . 1 

I Name . , 1 Address 

EUROPE, AFRICA, MIDEAST· esc LJ K L TO . I Inc P&P and 15% VAT . "I 
DEPT. 7X LM l£

34 
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But what does it 
~~\~~~~~~::y:oast all a_ .. · dd up to? 
more resources than all : 

company wholly 
dedicated to the future 
growth and 
development of two­

our competitors put together you might be inclined 
to think: so what? 

We agree. 
When you are making substantial investments in 

two-way radio we expect more than facts and 
figures to be taken into account. 

Like the people you are dealing with, starting 
with the salesman and right up to the top. How good 
is your relat ionship with the man up front. Is he 
thinking long term or looking for a quick sale today? 

And who is backing up his promises- a well 
resourced U.K. based manufacturing and supplying 

way radio or a remote parent company looking for 
maximum advantage in whichever markets suit it 
best at the time? (If the latter, ensure he'll be around 
next time you have a replacement or extension 
problem) . · 

We are not suggesting that you look to Pye 
Telecom for perfection. In this business staying the 
course for 35 years and making all the running for 
the future will always have its problems. But if ever 
those problems happen to be yours, you can count 
on our full commitment now and our resources 
whenever you need them. 

Pye Telecommunications Ltd., 
St. Andrews Road, Cambridge, CB4 1DW. 
Telephone: 0223 61222 

WW-037 FOR FURTHER DETAILS 
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Acoustic 
BRUEL & KJAER 
2203 Precision sound level meter 
2204 Precision sound level meter 
1613 Octave filter set couples d~rectly 
to 2203 & 2204 
4216 Artificial Mouth 

*2624 Charge Amplifier 
CEL 
112 LEO meter ·d191tal readout 
Bridges etc. 
DAWE 
21 OB Decade Capacitance boK 
0.1 J.!F-1 mF0.1 J.lfstep 

MUIRHEAD 
D30A Wheatstone bndge test set 

SULLIVAN 
T1 098 Decade res1stance bndge 

WAYNE KERR 
8601ZRFbr~dgeto5MHz \ 
S R268 Source for 8601 Z f 
Cable Test Equipment 
MARCONI 
TF2091 A/TF2092A White no1se 
generator /rece1ver 300 channel 

Pr~ces 

from f 

400 
475 

250 

25 
65 

450 

20 

75 

_90 

275 

system complete 350 
*TF2333 Transmission Test Set 575 

STC 
742268 Telephone cable test set 120 

*74216A Noise Generator CCITT · 240 
* 74261 A Psophometer CCITT 475 

C ircuit Magn ificat ion 
MARCONI 
TF1 245/46/47 ·a· Meter with 
Oscillators 525 

Counter Timers 
HEWLETT PACKARD 
5263A T1me mterval plug -m 60 
MARCONI 
TF2414ADC-40MHz7dlg,ts 170 
TF2422 Frequency d1v1der to 300 MHz 30 
RACAL 
902410Hz-600MHz7+1 d1g1ts 325 
9059 DC-560 MHz w1th battery pack 300 
9835 DC -.15 MHz6dig1ts 145 
9837 DC-80 MHz6d1g1ts 190 
Function Generators 
HEWLETT PACKARD 
3300A0.01 Hz-100kHzslne.l 
square triangular )- 100 
3301 Auxiliary plug-1n ) 

logic Analysers 
HEWLETT PACKARD 
1601 L Logic state analyser 12 
channel display 600 
Mains M oni tors 
AM PROBE 
LAV3X Ma1ns voltage recorder 4.5 
GEC 
FB31 A Surge mon1tor records mams 
spikes+ filter 85 
RUSTRAK 
288 +CT Clamp-on AC record1ng 
ammeter 95 

Modulation M et ers 
AIRMEC 

t-210 1- 300 MHzAM/FM 195 
~4093-1500MHzAM/FM . 325 

MARCONI 
+··TF2300A1-1000MHzAM/FM 520 

Osci lloscopes 
ADVANCE 
0$1 OOOA DC- 20 MHzdual trace 
COSSOR 
1 10/1 11 DC-20M Hz dual trace 
110/112DC-1 MHzdifferential 
HEWLETT PACKARD 
184A +1801 A+ 1822A DC -50 MHz 
system, T.B. and amplifier mcluded 
storage fac1lity (storage de· rated 
please ask for details) 
1707820 DC -75 MHz dual trace D.T.B. 

17108 DC-200 MHzdualtrace 

TEKTRONIX 
5103N/D15 
Storage system 800 di.v / ms DC -2 MHz 
7A13 DC-100M Hz d1fferent1al 
comparator 
7670 Dual time base w1th 7671 \. 
delayed sweep (for 7000 ser~es) r. 
536 Mainframe 11 M Hz X- Y 
5191 GHz Real Time. Matching 
.accessories included 
535A/CA DC-15 M Hz dual trace DTB 
5458/CA DC-24 MHz dual trace DTB 
585A/81 DC -80 MHzdua l trace DTB 
454 DC-150 MHz dual trace DTB 
TELEOUIPMENT 
054 DC -10 MHz dual trace 
075 DC-50 MHzdual trace D.T.B 
(Portable) 
083 DC-50 MHz dual trace D.T.B. 
(Bench) 
D53/CD/G DC-15 MHz Dual Trace 
with differential ampl ifier 
Osci lloscope Probes-
Current· 
TEKTRONIX 
P6021 AC current probe to 20M Hz 
Oscilloscope Probes-
Voltage 
HEWLETT PACKARD 
1121A500MHz 
TEKTRONIX 
P60.46 Ddferen t1al probe DC -100M Hz 
Oscilloscope Cameras 
HEWLETT PACKARD 
1 95A Pack film polaro1ci 
198A Pack film polaroid 
TEKTRONIX 
C30AR Roll f1lm polariod 
Power M eters 
HEWLETT PACKARD 
432A;478A10 MHz 10GHz 
w1deband w 1th bolometer 
Power Supplies 
HEWLETT PACKARD 
62658 DC stab . var~ab l e 40 V !3 A 

ROBAND 
T1 01 50 V 1 A Variable 
SOLARTRON 
A·s 751 50 V 1 A Variable 

STARTRONIC 
117 20 V 0.5 A V.ariable 
SYSTRON DONNER 
LNG 16 - 1016V/10Avar~able 

Pressure & Displacement 
Transducers 
ELECTRO MECHANISMS 
LVDT DC lmear var~able ± 0 50' nc hes 

Pnces 
from ( 

310 

325 
275 

650 
700 

1250 

350 

350 

275 

100 

850 
250 
350 
550 

1350 

240 

550 

575 

225 

200 

90 

215 

190 
120 

130 

350 

195 

30 

25 

25 

75 

25 

Prices 
Pu lse Generators from£ 
E. H. RESEARCH 
G7105V/50030 Hz-50 MHz AT 5 ns 100 
132AL50V/500 5 Hz-3 MHz .RT 12 ns 175 
LYONS INSTRUMENTS 
PG2E 10V/500 1 Hz -16 MHz AT 10ns 130 
PG23 10V/500 1 Hz-10 MHz RT5ns 135 
SYSTRON DONNER 
10110V/50010Hz.-10MHzRT5ns 95 
Recorders & Signal 
Conditioning Equipment 
BRUNO WOELKE 
ME102BWowandfluttermeter 75 
ME102C Wow and flutter meter 90 
Recorders & Signal 
Conditioning Equipment 
BRUEL & KJAER 
23058 Stylus Recorder mcludP.S 
50dbpot 650 

HEWLETT PACKARD 
175b2A Plug-In for 7100 senes 
recorder temperature module 25 

SE LABS 

TEXSCAN 
VS40 1 . 300 M Hz sweeper 

WAYNE KERR 
S121 10Hz-120KHz 
0228 10 Hz-10 MHz 

Spectrum Ana lyser s 
HEWLETT PACKARD 
141 T Display unit storage 
8552A I. F. Plug-in 
,8553L 1 kHz-110kHz Plug-in 
8554L 500 kHz-1250 M Hz Plug-in 

T .V . Test Equipment 
MARCONI 
TF2909 Gray scale generator 
Temperature & Hum id ity 
CO MARK 
1 604BLU Analogue thermometer 
0 -100 'C 
LEE-DICKENS 
HP5 Humidoty probe 
HUMIGUN Temp/hum1d1typrobe 
with meter 
RAYTEK 
T1 000 Infra- red thermoprobe 

Vibr at ion 
DAWE 
1461 CV(M) Portable Vibration 
Analyser Kit 

Vo ltmeters- A nalogue 
AIRMEC 

264 Millivoltmeter 3 mV -1 V ranges 
AVO 

ta Mk V AC/DC/OHMS 

BOONTON 
93A 20 Hz- 20 MHzTrue RMS 
BRADLEY 
CT471 C AC/DC/0/current 
multimeter and RF 
DAWE 
614C Millivoltmeter0.3 mV-300 V 
ranges 
HEWLETT PACKARD 
427A AC/DC/0 mult i meter 
3406A 10 kHz -1.2 GHz 
KEITHLEY 
6108 Electrometer recorder 0/P 
LIN STEAD 
M2B DC/AC 10Hz-500kHz 
MARCONI 
TF2603 AC voltmeter to 1.5 GHz 
NORMA 
U-Funct1on Dual channel 
peak/RMS meter 
PHILIPS 

3006DL T 12 channels UV 6 mch chart 
A1 000 Galva 600Hz 0 34 mA/cm 
MICROMOVEMENTS 

450 PM2454B ACvoltmeterto 12 MHz 

M400 Galva 300Hz 50 ~A/em 
M1000 Galvo600 Hz0 .34 mA/cm . 
M 1600 Galva 1000Hz 0 .4 maA/cm 
M8000 Galvo 5kHz 15.5 mA/cm 

SIEMENS 
KOMP Ill 2 pen potentiometric roll 
chart 

Signal Sources & 
Generators 
ADVANCE 
H 1 15Hz--50 KHz 

DAWE 
410C0.1 Hz-10 KHz 

EH RESEARCH 
967 Attenuator 25W.0-40 db 

HEWLETT PACKARD. 
200C D 5 Hz · 600 kHz 0 I P 1 0 V R M S 
8693 ; 1003 7-8 .3 GHz 5 mW. 
sweeper plug -1n 

* 608E 10-480 M Hz AM 
*618C38-7·6GHzFM 
*620B7-11 GHzFM 

MARCONI 

30 Vo ltmeters- Dig ital · 
ADVANCE 

~: OM M3 1999 FSD AC/DC/0/current 

25 DANA 
25 5230119999 FSD AC;DC 

FLUKE 
8300A 119999 FSD DC only 

425 HEWLETT PACKARD 
34 74/2 9999 FSD AC / DC;O 
SOLARTRON 
A200 19999 FSD DC only 

40 A20519999FSDAC/DC;0 
*704519999 Auto AC/DC/OHMS 

40 
-r-7050 99999 Auto AC/DC/OHMS 

W ave Analysers 
30 GENERAL RADIO 

1232A Tuned amplifier and null 

75 
detec tor 20Hz-20KHz 

HEWLETT PACKARD 
525 302A 20Hz -50 kHz 75 db range 

410 WAYNE KERR 
1600 A321 20Hz-20KHz. Sens. -75 db 
1600 

* Eguiement added this month 

TF791 FM Deviation Meter 4 : 1024 MHz 95 
TF801 0110-470 MHz AM . PM 150 
TF885 0-12 M Hz Sine/Square 75 Redundant 
TF995A/21 .5-220 MHz AM.FM 350 Test Equipment 

17 

. Pnces 
from£ 

450 

25 
75 

845 
1600 
1650 
2100 

250 

40 

130 

215 

200 

450 

45 

60 

260 

165 

25 

275 
395 

330 

25 

300 

325 

225 

85 

175 

150 

185 

160 . 
300 
295 
395 

75 

375 

125 

TF995B/5 0.2-220 M Hz AM .FM 475 
TF10600-1.2GHzAM .PM 150 
TF2005A Two tone 20Hz-20KHz 200 

ROHDE & SCHWARZ 
SWOB I 0.5 -400 M Hz 750 225 

Why not turn your under-utilized 
test equipment into cash? Ring 
us and we'll makeyou an offer. 

SWOB II 0.5-1200 MHz 500 with 
delay line and accessories 1 250 VAT charged at Standard Rate 

Contact Dav1d Kennedy 

01--267 531 
Carston Electronics Limited, 
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But what does it 
~~\~~~~~~::y:oast all a_ .. · dd up to? 
more resources than all : 

company wholly 
dedicated to the future 
growth and 
development of two­

our competitors put together you might be inclined 
to think: so what? 

We agree. 
When you are making substantial investments in 

two-way radio we expect more than facts and 
figures to be taken into account. 

Like the people you are dealing with, starting 
with the salesman and right up to the top. How good 
is your relat ionship with the man up front. Is he 
thinking long term or looking for a quick sale today? 

And who is backing up his promises- a well 
resourced U.K. based manufacturing and supplying 

way radio or a remote parent company looking for 
maximum advantage in whichever markets suit it 
best at the time? (If the latter, ensure he'll be around 
next time you have a replacement or extension 
problem) . · 

We are not suggesting that you look to Pye 
Telecom for perfection. In this business staying the 
course for 35 years and making all the running for 
the future will always have its problems. But if ever 
those problems happen to be yours, you can count 
on our full commitment now and our resources 
whenever you need them. 

Pye Telecommunications Ltd., 
St. Andrews Road, Cambridge, CB4 1DW. 
Telephone: 0223 61222 

WW-037 FOR FURTHER DETAILS 
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Acoustic 
BRUEL & KJAER 
2203 Precision sound level meter 
2204 Precision sound level meter 
1613 Octave filter set couples d~rectly 
to 2203 & 2204 
4216 Artificial Mouth 

*2624 Charge Amplifier 
CEL 
112 LEO meter ·d191tal readout 
Bridges etc. 
DAWE 
21 OB Decade Capacitance boK 
0.1 J.!F-1 mF0.1 J.lfstep 

MUIRHEAD 
D30A Wheatstone bndge test set 

SULLIVAN 
T1 098 Decade res1stance bndge 

WAYNE KERR 
8601ZRFbr~dgeto5MHz \ 
S R268 Source for 8601 Z f 
Cable Test Equipment 
MARCONI 
TF2091 A/TF2092A White no1se 
generator /rece1ver 300 channel 

Pr~ces 

from f 

400 
475 

250 

25 
65 

450 

20 

75 

_90 

275 

system complete 350 
*TF2333 Transmission Test Set 575 

STC 
742268 Telephone cable test set 120 

*74216A Noise Generator CCITT · 240 
* 74261 A Psophometer CCITT 475 

C ircuit Magn ificat ion 
MARCONI 
TF1 245/46/47 ·a· Meter with 
Oscillators 525 

Counter Timers 
HEWLETT PACKARD 
5263A T1me mterval plug -m 60 
MARCONI 
TF2414ADC-40MHz7dlg,ts 170 
TF2422 Frequency d1v1der to 300 MHz 30 
RACAL 
902410Hz-600MHz7+1 d1g1ts 325 
9059 DC-560 MHz w1th battery pack 300 
9835 DC -.15 MHz6dig1ts 145 
9837 DC-80 MHz6d1g1ts 190 
Function Generators 
HEWLETT PACKARD 
3300A0.01 Hz-100kHzslne.l 
square triangular )- 100 
3301 Auxiliary plug-1n ) 

logic Analysers 
HEWLETT PACKARD 
1601 L Logic state analyser 12 
channel display 600 
Mains M oni tors 
AM PROBE 
LAV3X Ma1ns voltage recorder 4.5 
GEC 
FB31 A Surge mon1tor records mams 
spikes+ filter 85 
RUSTRAK 
288 +CT Clamp-on AC record1ng 
ammeter 95 

Modulation M et ers 
AIRMEC 

t-210 1- 300 MHzAM/FM 195 
~4093-1500MHzAM/FM . 325 

MARCONI 
+··TF2300A1-1000MHzAM/FM 520 

Osci lloscopes 
ADVANCE 
0$1 OOOA DC- 20 MHzdual trace 
COSSOR 
1 10/1 11 DC-20M Hz dual trace 
110/112DC-1 MHzdifferential 
HEWLETT PACKARD 
184A +1801 A+ 1822A DC -50 MHz 
system, T.B. and amplifier mcluded 
storage fac1lity (storage de· rated 
please ask for details) 
1707820 DC -75 MHz dual trace D.T.B. 

17108 DC-200 MHzdualtrace 

TEKTRONIX 
5103N/D15 
Storage system 800 di.v / ms DC -2 MHz 
7A13 DC-100M Hz d1fferent1al 
comparator 
7670 Dual time base w1th 7671 \. 
delayed sweep (for 7000 ser~es) r. 
536 Mainframe 11 M Hz X- Y 
5191 GHz Real Time. Matching 
.accessories included 
535A/CA DC-15 M Hz dual trace DTB 
5458/CA DC-24 MHz dual trace DTB 
585A/81 DC -80 MHzdua l trace DTB 
454 DC-150 MHz dual trace DTB 
TELEOUIPMENT 
054 DC -10 MHz dual trace 
075 DC-50 MHzdual trace D.T.B 
(Portable) 
083 DC-50 MHz dual trace D.T.B. 
(Bench) 
D53/CD/G DC-15 MHz Dual Trace 
with differential ampl ifier 
Osci lloscope Probes-
Current· 
TEKTRONIX 
P6021 AC current probe to 20M Hz 
Oscilloscope Probes-
Voltage 
HEWLETT PACKARD 
1121A500MHz 
TEKTRONIX 
P60.46 Ddferen t1al probe DC -100M Hz 
Oscilloscope Cameras 
HEWLETT PACKARD 
1 95A Pack film polaro1ci 
198A Pack film polaroid 
TEKTRONIX 
C30AR Roll f1lm polariod 
Power M eters 
HEWLETT PACKARD 
432A;478A10 MHz 10GHz 
w1deband w 1th bolometer 
Power Supplies 
HEWLETT PACKARD 
62658 DC stab . var~ab l e 40 V !3 A 

ROBAND 
T1 01 50 V 1 A Variable 
SOLARTRON 
A·s 751 50 V 1 A Variable 

STARTRONIC 
117 20 V 0.5 A V.ariable 
SYSTRON DONNER 
LNG 16 - 1016V/10Avar~able 

Pressure & Displacement 
Transducers 
ELECTRO MECHANISMS 
LVDT DC lmear var~able ± 0 50' nc hes 

Pnces 
from ( 

310 

325 
275 

650 
700 

1250 

350 

350 

275 

100 

850 
250 
350 
550 

1350 

240 

550 

575 

225 

200 

90 

215 

190 
120 

130 

350 

195 

30 

25 

25 

75 

25 

Prices 
Pu lse Generators from£ 
E. H. RESEARCH 
G7105V/50030 Hz-50 MHz AT 5 ns 100 
132AL50V/500 5 Hz-3 MHz .RT 12 ns 175 
LYONS INSTRUMENTS 
PG2E 10V/500 1 Hz -16 MHz AT 10ns 130 
PG23 10V/500 1 Hz-10 MHz RT5ns 135 
SYSTRON DONNER 
10110V/50010Hz.-10MHzRT5ns 95 
Recorders & Signal 
Conditioning Equipment 
BRUNO WOELKE 
ME102BWowandfluttermeter 75 
ME102C Wow and flutter meter 90 
Recorders & Signal 
Conditioning Equipment 
BRUEL & KJAER 
23058 Stylus Recorder mcludP.S 
50dbpot 650 

HEWLETT PACKARD 
175b2A Plug-In for 7100 senes 
recorder temperature module 25 

SE LABS 

TEXSCAN 
VS40 1 . 300 M Hz sweeper 

WAYNE KERR 
S121 10Hz-120KHz 
0228 10 Hz-10 MHz 

Spectrum Ana lyser s 
HEWLETT PACKARD 
141 T Display unit storage 
8552A I. F. Plug-in 
,8553L 1 kHz-110kHz Plug-in 
8554L 500 kHz-1250 M Hz Plug-in 

T .V . Test Equipment 
MARCONI 
TF2909 Gray scale generator 
Temperature & Hum id ity 
CO MARK 
1 604BLU Analogue thermometer 
0 -100 'C 
LEE-DICKENS 
HP5 Humidoty probe 
HUMIGUN Temp/hum1d1typrobe 
with meter 
RAYTEK 
T1 000 Infra- red thermoprobe 

Vibr at ion 
DAWE 
1461 CV(M) Portable Vibration 
Analyser Kit 

Vo ltmeters- A nalogue 
AIRMEC 

264 Millivoltmeter 3 mV -1 V ranges 
AVO 

ta Mk V AC/DC/OHMS 

BOONTON 
93A 20 Hz- 20 MHzTrue RMS 
BRADLEY 
CT471 C AC/DC/0/current 
multimeter and RF 
DAWE 
614C Millivoltmeter0.3 mV-300 V 
ranges 
HEWLETT PACKARD 
427A AC/DC/0 mult i meter 
3406A 10 kHz -1.2 GHz 
KEITHLEY 
6108 Electrometer recorder 0/P 
LIN STEAD 
M2B DC/AC 10Hz-500kHz 
MARCONI 
TF2603 AC voltmeter to 1.5 GHz 
NORMA 
U-Funct1on Dual channel 
peak/RMS meter 
PHILIPS 

3006DL T 12 channels UV 6 mch chart 
A1 000 Galva 600Hz 0 34 mA/cm 
MICROMOVEMENTS 

450 PM2454B ACvoltmeterto 12 MHz 

M400 Galva 300Hz 50 ~A/em 
M1000 Galvo600 Hz0 .34 mA/cm . 
M 1600 Galva 1000Hz 0 .4 maA/cm 
M8000 Galvo 5kHz 15.5 mA/cm 

SIEMENS 
KOMP Ill 2 pen potentiometric roll 
chart 

Signal Sources & 
Generators 
ADVANCE 
H 1 15Hz--50 KHz 

DAWE 
410C0.1 Hz-10 KHz 

EH RESEARCH 
967 Attenuator 25W.0-40 db 

HEWLETT PACKARD. 
200C D 5 Hz · 600 kHz 0 I P 1 0 V R M S 
8693 ; 1003 7-8 .3 GHz 5 mW. 
sweeper plug -1n 

* 608E 10-480 M Hz AM 
*618C38-7·6GHzFM 
*620B7-11 GHzFM 

MARCONI 

30 Vo ltmeters- Dig ital · 
ADVANCE 

~: OM M3 1999 FSD AC/DC/0/current 

25 DANA 
25 5230119999 FSD AC;DC 

FLUKE 
8300A 119999 FSD DC only 

425 HEWLETT PACKARD 
34 74/2 9999 FSD AC / DC;O 
SOLARTRON 
A200 19999 FSD DC only 

40 A20519999FSDAC/DC;0 
*704519999 Auto AC/DC/OHMS 

40 
-r-7050 99999 Auto AC/DC/OHMS 

W ave Analysers 
30 GENERAL RADIO 

1232A Tuned amplifier and null 

75 
detec tor 20Hz-20KHz 

HEWLETT PACKARD 
525 302A 20Hz -50 kHz 75 db range 

410 WAYNE KERR 
1600 A321 20Hz-20KHz. Sens. -75 db 
1600 

* Eguiement added this month 

TF791 FM Deviation Meter 4 : 1024 MHz 95 
TF801 0110-470 MHz AM . PM 150 
TF885 0-12 M Hz Sine/Square 75 Redundant 
TF995A/21 .5-220 MHz AM.FM 350 Test Equipment 

17 

. Pnces 
from£ 

450 

25 
75 

845 
1600 
1650 
2100 

250 

40 

130 

215 

200 

450 

45 

60 

260 

165 

25 

275 
395 

330 

25 

300 

325 

225 

85 

175 

150 

185 

160 . 
300 
295 
395 

75 

375 

125 

TF995B/5 0.2-220 M Hz AM .FM 475 
TF10600-1.2GHzAM .PM 150 
TF2005A Two tone 20Hz-20KHz 200 

ROHDE & SCHWARZ 
SWOB I 0.5 -400 M Hz 750 225 

Why not turn your under-utilized 
test equipment into cash? Ring 
us and we'll makeyou an offer. 

SWOB II 0.5-1200 MHz 500 with 
delay line and accessories 1 250 VAT charged at Standard Rate 

Contact Dav1d Kennedy 

01--267 531 
Carston Electronics Limited, 
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Whoever sees it, you won't blush. 
With JVC's help, no non-broadcast 
video producer need feel embarrassed 
when a producer from the broadcast 
side of the fence· looks at one of his 
tapes. That's because JVC have 
developed, at an affordable cost, a 
portable camera which brings truly 
professional quality to CCTV. 

It's the three-tube CY-8800E. 
Nothing at ,anywhere near the price 
handles colour so faithfully, with so 
small a registration error, with such 
excellent signal-to-noise ratio 
even in poor light. 

B.ut you don't have to believe 
an advertisement. Ask one of the 
Bell & Howell Video Centres 
(addresses opposite) to make an 
appointment to bring the camera to 
where you work. This will prove that 
among its other merits the CY-8800E 
travels well and is easy to carry around. 
Then try it on your shoulder and a 
tripod. This way you'll discover that it's 
going to serve you just as well in the 
studio as in the field. 

Finally, when you've admired the 
pictures on the colour monitor, admire 
the features- features to optimise · 
performance under all conditions. 
Fully automatic features that help 
make the CY-8800E so remarkably 
easy to use (which means you can 
concentrate on images, not have to 
apply half your mind to controls). 

With the camera and monitor, the 
Video Centre demor]strator will be 

·bringing (probably wearing) the JVC 
CR-4400LE. This is the portable, but 
equally professional, recorder/player 
for ~" U-format cassettes. It's the 
perfect complement to the CY-8800E 
(indeed, it was designed to be just that). 

The CR-4400LE will give you colour 
playback, direct into a monitor, on site. 

It has an automatic assemble editing 
function and drop-out compensation. 
Best of all, its designers have made no 
concessions to·quality to achieve 
portability. It records and plays as well 
as non-portable U-format equipment 
(with which, of course, its tapes are 

· fully compatible). 
Are all these claims valid? It will cost 

nothing except a phone call to a Video 
Centre to discover for yourself that the 
CY-8800E and CR-4400LE are as · 
g9od as we thfnk them to be. 

If you'd prefer to read the leaflets 
first, use· the inquiry service or send 
your name or headed notepaper tp 
Dept CY/8, Bell & Howell A-V Ltd., 
Freepost, Wembley, HAO lBR 
(no stamp needed).We'retheexclusive 
distributor of JVC video equipment to 
industrial, institutional and 
commercial markets in the UK and 
Eire. And, of course, we offer the · · 
exclusive Bell & Howell Supershield 

· warranty which guarantees free 
repairs and replacements (except for 
tapes and camera tubes) for two years 
from date of purchase.· Plus free 

· transportation to and from video 
workshop:t Plus free advice. 

First-class equipment from JVC. 
First-class support from Bell & Howell 
Video Centres. And Supershield, a 
first-class guarahtee. 

ltiJ . BELL Ei HOWELL 
lnfonnation systems. ~<•r work. education and entertainment. 

JVC 
t T11e two -year guarantee and free advisory service apply througl10u t t11 e United K1ngd om af'd E1re and free transportation IS prov1ded 1r1 England. Scotland and Wales. excluding the Channel Islands and the Isle of Man 

WW- 083 FOR FURTHER DETAILS 
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a·ell & Howell 
Video Centres 
Avon Video South Ltd, 5 Kingsmead Sq, Bath. 
0225 61985 
Avon E.F.V.A. Ltd, Raysfield, Finch Road, Yate. 
0454 319306 
Berkshire Maidenhead A-V Ltd, 38-40 Station 
Road, Tv.-yford. 0734 340921 
Dorset Soundcraft A-V Ltd, 17 Whittle Road, 
Ferndown lnd Estate, Wimborne, Dorset. 
0202 875466 
Eire Eurotek (Ireland) Ltd, 1 Walworth Rd, Dublin 8. 
0001782343 
Hertfordshire Hammond A.V. & Video Services, 
60 Queens Road, Watford WD12QN. 0923 39733 
London Edric Audio Visual Ltd,34-36 Oak End Way, 
Gerrards Cross, Bucks. 02813 84646 
London R.E.W. Video, Video House, 146 Charing 
Cross Rd W.C.2. 01-240 3064 
London Visual Marcom Systems Ltd, Thames 
Road, Strand on the ~reen W4. 01-995 8345 
London Studio 99 Video Ltd, 73 Fairfax Rd, NW6. 
01-328 3282 
London Teletape Video, 12 Golden Square, Wl. 
01-7341319 
London Zoom T.V. Ltd, Cowley Mill Trading Estate, 
Longbridge Way, Uxbridge UB8 2YG .. 0895 57981 
London Tree Consultants, 186 Park View Rd, 
Welling. 01-303 7406 
London Stanmore Video Services Ltd, 91-91a High 
Street, Edgware, Middx. 01-951 0466 
Manchester Cinephoto Ltd, 17 The Crescent, 
Salford M5 4PF. 061 736 6221 
Hereford & Worcs lstead A-V Ltd, 38 The Tythirig, 
WR11JS. 0905 29713 
Merseyside Hargreaves A-V Ltd, 204-206 
Warbreck Moor, Aintree, Liverpool L9 OHZ. 
0515251786 . 
Northern Ireland Video Services Ireland, 
Unit BR2613, Cowswater lnd Estate, East Bread St, 
Belfast BT5 5A T. 0232 55194 
Nottingham Midland Video Systems Ltd, 
3A Attenborough Lane, Chilwell NG9 5JN. 
0602 252521 
Scotland C W. Cameron Ltd, Burnfield Road, 
Giffnock, Glasgow G46 7TH. 041633 0077 
Surrey H. Hocken Ltd, 33 Station Road, Redhill. 

. 0737. 62776 
Surrey H9m & Gibson Ltd. 43 Malden Way, 
New Malden, Surrey KT3 6EA. 01-942 9635 
Somerset Telec Video, 6 Oxford Road, Pen Mill 
Trading Est, Yeovil BA21 5HT. 0935 26451 
Tyne & Wear Tyne Video Ltd, South Shore, East 
Gateshead lnd Estate NEB 3AE. 0632 775627 
Tyne & Wear Turners A-V Ltd, 10 Malmo Close, N.S. 
Trading Est, Tyne & Wear NE29 ?SL. 08945 79121 
Wales EOS Electronics Ltd, EOS House, Weston 
Square, Barry CF6 ?YF 0446 741212 
Wales Drake Video Services·, 212 Whitchurch 
Road, Cardiff CF4 3XF. 0222 24502 
West Midlands Studio 45 A-V Ltd, 45 Templar 
Avenue, Tile Hill, Coventry CV4 9BQ. 0203 461341 
Yorkshire Saville A-V Ltd, Salisbury Road, York 
Y02 4 YW. 0904 52011 

BELLs HOWELL 
Information systems. 1-(>r work. eduration and entertainment. 
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NEW LOW PRICES ALL EX-STOCK 

REAL-STATE-OF-THE-ART 
TWO NEW AC/DC/BATTERY PORTABLE 

FREQUENCY COUNTERS 
FRQM OPTOElECTRONICS USA 

Model 8000.1A 

8DIGITS 10Hzto600MHz 
ONLY £299.00 inc. (was £351) 
(£256+£4p&p+ VAT£39.00) 

Complete with built-in 
NiCads & charging circuits. 

Tt.e OPTb 8000.1 A is a no -comprom ise professional qua lity 
counter)Thanks to new CMOS LSI technology , size, power & 
cost have shrunk while performbnce improved. The OPTO 8000 
1A combines th is new technology with careful circuit design and 
un ique packaging forastate -of· the·art coun ter that sets the p~ce 

• Selectable step attenuation X l,X 1 O,X 100 !avo ids fa lse counting) 
• 50 ohm(AC coupled) & 1 Megohm(OC coupled) inputs shunted by 20 pf & diode protected against overload 
"Precision TCXO time base) .1 PPM (.00001 %) 
• Aging · les<> than 1 PPM first 3 years -less than 0.5 PPM -thereafter 
·Super sensitivity vvith preamps in both HI·Z & 50 ohm inputs· 2· 10mV RMS below 150 MHi 10· 50mV RMS to 600 
MHz ·Auto decimal point ·oeluxe.rugged alum1n1um case • Lead zero blanking control & LED gate per iod indicator 

Model OPTO 7000 · 

7DIGITS 10Hzto600MHz 
ONLY £141.45 inc. (was £168) 
(£120+£3p&p+ VAT£18.45) 

Complete with built- in 
NiCads, charging circuits & 
rear panel switch for 1Hz 
resolution. 

SIZe : only 1 X."H x 4 ''4"W x 5 ',~"0 

The miniature go-anywhere counter that gives you more range~ 
visib il1ty , accuracy and versat• l ity t han any comparable unit at 
anywhere near tts luvv, low pm;:~ 

• TCXO time base O.OBPPM /OC - 1 PPM 10.000 1% accu racy) less than 2PPM per year aging ' Deluxe go ld & black 
anodised aluminium ca~e • HI - Z & 50 ohm i npu t s • 1 sec & 1:10sec . gate t imes • Bui lt - in presca ler & preamps 
standard • Auto deci mal • BNC connectors • No d trcct connect rcqu~red lor AF p ick up • State-of-the· art- LSI 
circuitry • Sens1t 1vity - 1 OmV to 60MHz 25mV to 150 MHz ~0 mV to 45Q MHz (less t han 75rnV guarcmteed) 

·Power requi rement 7.5 V AC ! OC ClP less than 250 rnA 

ELENCO PRECISION DMM 
ONLY £66.70 inc. 12008 
(£55+ £3p&p +VAT£8.70) (for a l1m1ted per1od only) 

The most versatile DMM 
we have ever offered at 
lowest ever price! 

• 3 '':· d1gi1 tumbo LED 10.56"1 d isplay • 0.05'Yn bas1 c accuracy • Measures 
ACiOC vo l tages from 100 microvo lts to 1000 volts, AC 'DC curren t from 1 
microamp to 2 Amp & Resistance from 0 .01 o hm to 20 Megohm ' Fully 

overload protected to 1000 volts 1 

• Htgh 1nput 1mpedance to 10 Megohm 'Mains· fw11h adap tors not supplied) or battery lboth _d isposable & N~Cads) 
operation • Uses 1% preciston res i stors not unstable trtmpots 'H1 Lo power ohms ·H t l or dtodes Lo for res•stors in 
circuit (on how many DMM's cost1ng less than £ 100 do you hnd th iS f~ature! 

ELENCO VARIABLE VOLTAGE POWER SUPPLIES 
The XP-700 and XP-600 are variable voltajle supplies which feature fail safe automatic overload protection. 
Maximum output curre~t is exter~ally adjustable fro~ 50 ma to 3 amps. Spec ial circ':'its protects equipment, 
user and itself. Current limiting adJUStrT_lent IS ~asy, s1m short output ~nd adjust lim1t control to read desired 
maximum current . The output voltage rs continuously e and prec1sely held to your setting . Ideal for use 
in labs, service shops, schools, home and 

MODEL XP-700 
0-40V@ 1.5 Amps 
0-20V@ 3 Amps 

Regulated, 3V, Digits 
Meter y,% Accuracy 

Alao availllble Model XP-800 - Ame •• XP-700 but witft dual !'-log matera 

Specif~ XP-700 XP-600 Specifications XP-700 XP.-00 
Input Voltape 120/240 120/240 Current Protection .05-3Aiim .05/3A lim 
Output Voltage ' 0.40 VDC ().46VDC Short Protection 05-3Aiim .05i3A lim 
Output Current 1 .5i3A 1.5/3A Crowbar Protection none none 
Load Regulation . 1 volts 1 volts Ou~put I mpedence 025 ohms .025 ohms 
line Regulation . 1 volts 1 volts Meter Digital 112% 50V, 5A 5% 
Ripple Max . RMS 005V .005V 

We are the sole UK distributors for OPTO 
Electronics Inc. and ELENCO PRECISION 

Maclin-Zand Electronics Ltd. 
38 Mount Pleasant, London WC1 XOAP 
Tei.Ol-8311165 
Telex: 8953084 MACLIN G 

WW 015- FOR FURTHER DETAILS 
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Whoever sees it, you won't blush. 
With JVC's help, no non-broadcast 
video producer need feel embarrassed 
when a producer from the broadcast 
side of the fence· looks at one of his 
tapes. That's because JVC have 
developed, at an affordable cost, a 
portable camera which brings truly 
professional quality to CCTV. 

It's the three-tube CY-8800E. 
Nothing at ,anywhere near the price 
handles colour so faithfully, with so 
small a registration error, with such 
excellent signal-to-noise ratio 
even in poor light. 

B.ut you don't have to believe 
an advertisement. Ask one of the 
Bell & Howell Video Centres 
(addresses opposite) to make an 
appointment to bring the camera to 
where you work. This will prove that 
among its other merits the CY-8800E 
travels well and is easy to carry around. 
Then try it on your shoulder and a 
tripod. This way you'll discover that it's 
going to serve you just as well in the 
studio as in the field. 

Finally, when you've admired the 
pictures on the colour monitor, admire 
the features- features to optimise · 
performance under all conditions. 
Fully automatic features that help 
make the CY-8800E so remarkably 
easy to use (which means you can 
concentrate on images, not have to 
apply half your mind to controls). 

With the camera and monitor, the 
Video Centre demor]strator will be 

·bringing (probably wearing) the JVC 
CR-4400LE. This is the portable, but 
equally professional, recorder/player 
for ~" U-format cassettes. It's the 
perfect complement to the CY-8800E 
(indeed, it was designed to be just that). 

The CR-4400LE will give you colour 
playback, direct into a monitor, on site. 

It has an automatic assemble editing 
function and drop-out compensation. 
Best of all, its designers have made no 
concessions to·quality to achieve 
portability. It records and plays as well 
as non-portable U-format equipment 
(with which, of course, its tapes are 

· fully compatible). 
Are all these claims valid? It will cost 

nothing except a phone call to a Video 
Centre to discover for yourself that the 
CY-8800E and CR-4400LE are as · 
g9od as we thfnk them to be. 

If you'd prefer to read the leaflets 
first, use· the inquiry service or send 
your name or headed notepaper tp 
Dept CY/8, Bell & Howell A-V Ltd., 
Freepost, Wembley, HAO lBR 
(no stamp needed).We'retheexclusive 
distributor of JVC video equipment to 
industrial, institutional and 
commercial markets in the UK and 
Eire. And, of course, we offer the · · 
exclusive Bell & Howell Supershield 

· warranty which guarantees free 
repairs and replacements (except for 
tapes and camera tubes) for two years 
from date of purchase.· Plus free 

· transportation to and from video 
workshop:t Plus free advice. 

First-class equipment from JVC. 
First-class support from Bell & Howell 
Video Centres. And Supershield, a 
first-class guarahtee. 

ltiJ . BELL Ei HOWELL 
lnfonnation systems. ~<•r work. education and entertainment. 

JVC 
t T11e two -year guarantee and free advisory service apply througl10u t t11 e United K1ngd om af'd E1re and free transportation IS prov1ded 1r1 England. Scotland and Wales. excluding the Channel Islands and the Isle of Man 

WW- 083 FOR FURTHER DETAILS 

WIRELESS WORLD, OCTOBER 1979 

a·ell & Howell 
Video Centres 
Avon Video South Ltd, 5 Kingsmead Sq, Bath. 
0225 61985 
Avon E.F.V.A. Ltd, Raysfield, Finch Road, Yate. 
0454 319306 
Berkshire Maidenhead A-V Ltd, 38-40 Station 
Road, Tv.-yford. 0734 340921 
Dorset Soundcraft A-V Ltd, 17 Whittle Road, 
Ferndown lnd Estate, Wimborne, Dorset. 
0202 875466 
Eire Eurotek (Ireland) Ltd, 1 Walworth Rd, Dublin 8. 
0001782343 
Hertfordshire Hammond A.V. & Video Services, 
60 Queens Road, Watford WD12QN. 0923 39733 
London Edric Audio Visual Ltd,34-36 Oak End Way, 
Gerrards Cross, Bucks. 02813 84646 
London R.E.W. Video, Video House, 146 Charing 
Cross Rd W.C.2. 01-240 3064 
London Visual Marcom Systems Ltd, Thames 
Road, Strand on the ~reen W4. 01-995 8345 
London Studio 99 Video Ltd, 73 Fairfax Rd, NW6. 
01-328 3282 
London Teletape Video, 12 Golden Square, Wl. 
01-7341319 
London Zoom T.V. Ltd, Cowley Mill Trading Estate, 
Longbridge Way, Uxbridge UB8 2YG .. 0895 57981 
London Tree Consultants, 186 Park View Rd, 
Welling. 01-303 7406 
London Stanmore Video Services Ltd, 91-91a High 
Street, Edgware, Middx. 01-951 0466 
Manchester Cinephoto Ltd, 17 The Crescent, 
Salford M5 4PF. 061 736 6221 
Hereford & Worcs lstead A-V Ltd, 38 The Tythirig, 
WR11JS. 0905 29713 
Merseyside Hargreaves A-V Ltd, 204-206 
Warbreck Moor, Aintree, Liverpool L9 OHZ. 
0515251786 . 
Northern Ireland Video Services Ireland, 
Unit BR2613, Cowswater lnd Estate, East Bread St, 
Belfast BT5 5A T. 0232 55194 
Nottingham Midland Video Systems Ltd, 
3A Attenborough Lane, Chilwell NG9 5JN. 
0602 252521 
Scotland C W. Cameron Ltd, Burnfield Road, 
Giffnock, Glasgow G46 7TH. 041633 0077 
Surrey H. Hocken Ltd, 33 Station Road, Redhill. 

. 0737. 62776 
Surrey H9m & Gibson Ltd. 43 Malden Way, 
New Malden, Surrey KT3 6EA. 01-942 9635 
Somerset Telec Video, 6 Oxford Road, Pen Mill 
Trading Est, Yeovil BA21 5HT. 0935 26451 
Tyne & Wear Tyne Video Ltd, South Shore, East 
Gateshead lnd Estate NEB 3AE. 0632 775627 
Tyne & Wear Turners A-V Ltd, 10 Malmo Close, N.S. 
Trading Est, Tyne & Wear NE29 ?SL. 08945 79121 
Wales EOS Electronics Ltd, EOS House, Weston 
Square, Barry CF6 ?YF 0446 741212 
Wales Drake Video Services·, 212 Whitchurch 
Road, Cardiff CF4 3XF. 0222 24502 
West Midlands Studio 45 A-V Ltd, 45 Templar 
Avenue, Tile Hill, Coventry CV4 9BQ. 0203 461341 
Yorkshire Saville A-V Ltd, Salisbury Road, York 
Y02 4 YW. 0904 52011 

BELLs HOWELL 
Information systems. 1-(>r work. eduration and entertainment. 
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NEW LOW PRICES ALL EX-STOCK 

REAL-STATE-OF-THE-ART 
TWO NEW AC/DC/BATTERY PORTABLE 

FREQUENCY COUNTERS 
FRQM OPTOElECTRONICS USA 

Model 8000.1A 

8DIGITS 10Hzto600MHz 
ONLY £299.00 inc. (was £351) 
(£256+£4p&p+ VAT£39.00) 

Complete with built-in 
NiCads & charging circuits. 

Tt.e OPTb 8000.1 A is a no -comprom ise professional qua lity 
counter)Thanks to new CMOS LSI technology , size, power & 
cost have shrunk while performbnce improved. The OPTO 8000 
1A combines th is new technology with careful circuit design and 
un ique packaging forastate -of· the·art coun ter that sets the p~ce 

• Selectable step attenuation X l,X 1 O,X 100 !avo ids fa lse counting) 
• 50 ohm(AC coupled) & 1 Megohm(OC coupled) inputs shunted by 20 pf & diode protected against overload 
"Precision TCXO time base) .1 PPM (.00001 %) 
• Aging · les<> than 1 PPM first 3 years -less than 0.5 PPM -thereafter 
·Super sensitivity vvith preamps in both HI·Z & 50 ohm inputs· 2· 10mV RMS below 150 MHi 10· 50mV RMS to 600 
MHz ·Auto decimal point ·oeluxe.rugged alum1n1um case • Lead zero blanking control & LED gate per iod indicator 

Model OPTO 7000 · 

7DIGITS 10Hzto600MHz 
ONLY £141.45 inc. (was £168) 
(£120+£3p&p+ VAT£18.45) 

Complete with built- in 
NiCads, charging circuits & 
rear panel switch for 1Hz 
resolution. 

SIZe : only 1 X."H x 4 ''4"W x 5 ',~"0 

The miniature go-anywhere counter that gives you more range~ 
visib il1ty , accuracy and versat• l ity t han any comparable unit at 
anywhere near tts luvv, low pm;:~ 

• TCXO time base O.OBPPM /OC - 1 PPM 10.000 1% accu racy) less than 2PPM per year aging ' Deluxe go ld & black 
anodised aluminium ca~e • HI - Z & 50 ohm i npu t s • 1 sec & 1:10sec . gate t imes • Bui lt - in presca ler & preamps 
standard • Auto deci mal • BNC connectors • No d trcct connect rcqu~red lor AF p ick up • State-of-the· art- LSI 
circuitry • Sens1t 1vity - 1 OmV to 60MHz 25mV to 150 MHz ~0 mV to 45Q MHz (less t han 75rnV guarcmteed) 

·Power requi rement 7.5 V AC ! OC ClP less than 250 rnA 

ELENCO PRECISION DMM 
ONLY £66.70 inc. 12008 
(£55+ £3p&p +VAT£8.70) (for a l1m1ted per1od only) 

The most versatile DMM 
we have ever offered at 
lowest ever price! 

• 3 '':· d1gi1 tumbo LED 10.56"1 d isplay • 0.05'Yn bas1 c accuracy • Measures 
ACiOC vo l tages from 100 microvo lts to 1000 volts, AC 'DC curren t from 1 
microamp to 2 Amp & Resistance from 0 .01 o hm to 20 Megohm ' Fully 

overload protected to 1000 volts 1 

• Htgh 1nput 1mpedance to 10 Megohm 'Mains· fw11h adap tors not supplied) or battery lboth _d isposable & N~Cads) 
operation • Uses 1% preciston res i stors not unstable trtmpots 'H1 Lo power ohms ·H t l or dtodes Lo for res•stors in 
circuit (on how many DMM's cost1ng less than £ 100 do you hnd th iS f~ature! 

ELENCO VARIABLE VOLTAGE POWER SUPPLIES 
The XP-700 and XP-600 are variable voltajle supplies which feature fail safe automatic overload protection. 
Maximum output curre~t is exter~ally adjustable fro~ 50 ma to 3 amps. Spec ial circ':'its protects equipment, 
user and itself. Current limiting adJUStrT_lent IS ~asy, s1m short output ~nd adjust lim1t control to read desired 
maximum current . The output voltage rs continuously e and prec1sely held to your setting . Ideal for use 
in labs, service shops, schools, home and 

MODEL XP-700 
0-40V@ 1.5 Amps 
0-20V@ 3 Amps 

Regulated, 3V, Digits 
Meter y,% Accuracy 

Alao availllble Model XP-800 - Ame •• XP-700 but witft dual !'-log matera 

Specif~ XP-700 XP-600 Specifications XP-700 XP.-00 
Input Voltape 120/240 120/240 Current Protection .05-3Aiim .05/3A lim 
Output Voltage ' 0.40 VDC ().46VDC Short Protection 05-3Aiim .05i3A lim 
Output Current 1 .5i3A 1.5/3A Crowbar Protection none none 
Load Regulation . 1 volts 1 volts Ou~put I mpedence 025 ohms .025 ohms 
line Regulation . 1 volts 1 volts Meter Digital 112% 50V, 5A 5% 
Ripple Max . RMS 005V .005V 

We are the sole UK distributors for OPTO 
Electronics Inc. and ELENCO PRECISION 

Maclin-Zand Electronics Ltd. 
38 Mount Pleasant, London WC1 XOAP 
Tei.Ol-8311165 
Telex: 8953084 MACLIN G 
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Quartz Crystal Cuts 

Double 
Terminated 
Quartz 
Crystal 

I 
z 

-4----AT 

A separate "X" section is 
shown in the illustration at the left. 
A "Z" section cut from the "X" 
section yields the frequency 
control industry's most popular 
cut, the AT. 

M-tron is a major, long established manufacturer 
of AT cut crystals suitable for fundamental and overtone 
operations in the lMHz to 170MHz frequency range. 

There's a fast sampling service backed up by 
volume production capability for the microprocessor, CATV, 
communications, automotive and TV games markets. 

M-tron's big advantage is the sophisticated 
computer design program that determines the optimum 
mechanical parameters of a crystal to meet your electrical 
specifications. 

MCP Electronics are the sole UK agent 
for M-tron products, many commonly used frequencies are 
available from stock at very competitive prices. . 
For more details and the new catalogue, contact Ron Adams, 

MCP Electronics Ltd., Station Wharf, Alperton, Wembley, Middx. 
Tel: 01-902 5941. 

WW-071 FOR FURTHER DETAILS 
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A~T.R_A-PA~i 
All prices include V.A.T . Add 25p for 
P&P (Extra for overseas). Dlocounta 
over £10 less 5%, over £20 less 5%, 
over £20 less 1 0%, over £50 less 
15%, over £100 less 20%. 92 GODSTONE ROAD Send SAE for complete l ist of com -

WHYTELEAFE SURREY CR3 OEB ponents. 

7400 0.12 '7495 0.54 74190 1.05 74LS113 0.36 4007 0.16 4085 0.72' 
7401 0.12 7496 0.60 74191 0.99 74LS114 0.36 : 4008 0.92' 4086 0.76 
7402 0.12 7497 2.38 74192 0.99 74LS 123 0.82 4009 0.45• 4089 1.55 
7403 o:f2 74100 0.114 74193 1.05 74LS124 2.45 4010 0.48· 4093 0.65 
7404 0 .13 74104 0.40 74194 0.90 74LS125 0.44 4011 0.15 ~ 4094 1.80 
7405 0.13 74105 0.40 74195 0.84 74LS 126 0.44 4012 0.16 4095 1.10 
7406 0.28' 74107 0.28 74196 0.90 74LS 132 0.61 4013 0.42 4096 1.10 
7407 0.28 74109 0.45 74197 0.90 74LS 136 0.40 4014 0.80 4097 3.50 
7408 0.14 74110 0.46 74198 1.48 74LS138 0.53 4015 0.77 4098 1.12 ' 
7409 0.14 74111 0 .70 74199 1.48 74LS 139 0.53 4016 0.42' 4099 1.90 ' 
7410 0.13 74116 1.60 74221 1.50 74LS151 1.05 4017 o.n 4404 1.00 o 
7411 0.18 74118 0.82 74273 2.15 74LS 153 0.50 4018 0.87 4412 0.30 
7412 0.21 74119 1.30 74279 1.25 74LS 154 1.20 4019 0.42 4428 0.80 
7413 0.25 74120 0.82 74283 1.70 74LS155 0.86 4020 0.92 4445 1.50 
7414 0.54 74121 0.25 74284 6.85 74LS 1 56 0.86 4021 0.82 4449 0.30 
7416 0.27 74122 0.40 74293 1.35 74LS157 0 .47 4022 0.82 4501 0.17 
7417 0.27 74123 0.53 74298 1.92 74LS 158 0.53 4023 0 .15 4502 0 .88 
7420 0.13 74125 0.44 74390 1.92 74LS160 1.22 4024 0.66 4507 0.50 
7421 0.28 74126 0.45 74393 2.12 74LS161 0.19 4025 0.15 4508 2.25 
7422 0.17 74128 0.62 '14LS66"-'0:Tif 74LS 162 1.22 4026 1.28 4510 1.05 
7423 0.25 74132 0.68 74LS01 0.19 74LS 163 0.69 4027 0.50 4511 0.98 
7425 0.20 74135 0.68 74LS02 0.19 74LS 164 1.20 4028 0.67 4512 0.92 
7426 0.25 74136 0.75' 74LS03 0.19 74LS 168 2.00 4029 0.86 , 4514 2.85 
7427 0.25 74137 0.94 74LS04 0.20 74LS169 2.00 4030 0.48 4515 2.80 
7428 0.34 74141 O.Q 74LS05 0.20 74LS170 ' 1.76 4031 2.34 4516 1.02 
7430 0.13 74142 2.00 74LS08 0.19 74LS173 1.05· 4033 1 .25 4518 0.99 
7432 0.24 '74143 2.00 74LS09 0.19' 74LS174 1.12 4034 2.00 451 .9 0.50 
7433 0.32 74144 2.00 74LS10 0.19 74LS 175 1.05 4035 1.00 4520 1.05 
7437 0.24 74145 0.54 74LS11 0.19 74LS 189 2.85 4036 2.40 4521 2.00 
7438 0.24 74147 1.30 74LS12 0.19 74LS190 0.81 4037 0.99 4522 1.35 [ 
7440 0 .13 74148 1.18 74LS 13 0.46 74LS191 0.81 4038 1.00 4527 1.60 ' 
7441 0.52 74150 0.89 74LS 14 1.10 74LS192 1.80 ; 4039 2.80 4528 0.92 
7442 0.55 74151 0.60 74LS 15 0.19 74LS.193 1.80 4040 0.88 4529 1.10 
7443 0.90 74153 0.60 74LS20 0.19 74LS 195 1.12 4041 0.77 4536 3.56 
7444 0 .90 74154 1.05' 74LS21 0.18 74LS196 1.20 4042 0.72 4553 4.20 
7445 0.70 74155 0 .83 74LS22 0.11 74LS 197 1.20 4043 0.82 4555 0.85 
7446 0.70 74156 0.63 74LS26 0.24 74LS221 1.12 4044 0.82 4556 0.85 
7447A 0 .94 74157 0.63 74LS27 0.40 74LS247 0.97 4045 1.40 4558 1.25 
7448 0.80 74159 1.70 74LS30 0.19 74LS248 0.97 4046 1.32 4566 1.40 
7450 0.13 74160 0.80 74LS32 0.25 74LS249 0.97 4047 0.96 4583 0.75 
7451 0.13 74161 0.80 74LS37 0.27 74LS251 1.00 4048 0 .60 4585 1.03. 
7453 · 0.13 74162 0.80 74LS38 0.27 74LS253 1.05 . 4049 0.42 
7454 0.13 74163 0.80 74LS40 0.19 74LS257 1.05 4050 0.42 
7460 0.13, 74164 0.89 74LS42 0.53 74LS258 1.05 4051 0.94 
7470 0.28 74165 0.88 74LS4 7 0.97 74LS266 0.39 4052 0.84 
7472 0.22 75166 0.99 74LS48 0.97 74LS273 2.50 4053 0.94 
7473 0.28 74167 2.70 74LS49 0.97 74LS279 0.50 4054 1.10 
7474 0.28 74170 1.68 74LS51 0.19 74LS283 1.00 4055 1.00 
7475 0.30 74172 4.00 74LS54 0.19 74LS289 2.85 4060 0.98 
7476 0.28 74173 1.18 74LS55 0.20 74LS293 0.90 4066 0.48 
7480 0.45 74174 0.89 , 74LS73 0.30 74LS298 1.60 4067 3.50 
7481 0.90 74175 0.68 ?4LS74 0.34 74LS352 0.92 4068 0.24 
7482 0.80. 74176 0.88 74LS75 0.45 74LS353 1 .05 . 4069 0.17 
7483 0.72 74177 0.88 74LS76 0.32 7 4LS365 0.50 4070 0 .17 
7484 0.90 74178 1.20 74LS78 0.32 74LS366 0.50 4071 0.17 7485 0.88 74179 1.10 74LS83 0.78 74LS367 0.50 4072 0.17 7486 0.26 ' 74180 0.90 74LS85 0.90 74LS368 0.50 4073 0.17 7489 2.00 74181 1.92 74LS86 0.35 74LS386 0.37 4075 0 .17 7490 0.35 74182 0.75 74LS93 0.95 74LS670 2.00 4076 1.05 ' 7491 _o~. 74184 1.20 74LS95 1.10 4000 0.14 407'7 0.46 
7492 0.44 74185A 1.20 74LS 107 0.36 4001 0.15 '4078 0.22 
7493 0.40 ' 74186 7.20 7 4LS 1 09 0.36 4002 0.16 4081 0.17 
7494 o.8o; 74188 2.70 74LS112 0.38 ,4006 0.92, 4082 0.20 

-
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J E S AUDIO .INSTRUMENTATIOI\f 

Si452 . . . .. ... . .. £56.00 
·Distortion Measuring. Unit 
15Hz-20KHz- .01% 

Illustrated the Si 451 
Millivoltmeter - pk-pk 
or RMS calibration with 
variable control for 
relative measurements. 
50 calibrated ranges £7o.:oo. - - -·-

Si453 .· £70.0() 
. Low distortion Oscillator, 
Sine-Square-RIAA 

PRICES plus VAT 

J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 87250l 
CARR STREET •. CLECKHEATON, W. YORKS 8019 5LA 
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rom 
LCD DIGITAL MULTI METER. LOW-COST LCD MULTI METER COMPONENTS AND PARTS 
Low-cost hand held digital multimeter with a full 
31J2 digit LCD display. 0. 5% basic accuracy, auto 
polarity operation. 10 Mohm DC input 

impedance. Scales: . 
Reading to ± 1999. oc volts: 

1mVto 1000V 
( 1 °/o ± 1 d1g1t accuracte) . 
ACvolts: 
1mVto500V 
(! 0

'o ± 2 digits accurate) . 
OCcurrent: 
1J..IAto200mA 
( 1% ± 1 digit accurate). 
Resistance: 
lOhm to 20 MOhms 
(1.5% :<. 1 digitaccuratel. 

Power source: 
9V battery or AC 
with opt ional adaptor. 

Size: 
l55x75x30mm 
22-198 

PRICE 

53-19 
AC/DC 8 MHz OSCILLOSCOPE 

A portable, compact sized multi meter with a full 
31/2 digit LCD display. Auto polarity operation, low 
battery indicator. 10 MOhm Input impedance. 

Scales: 
OCvolts: 
2 20 200 1 ooov 
ACvolts: 
200 500V 
OCcurrent: 
2 20 200MA. 
Resistance: 
2 20 200 
2000KOHM. 
Power source: 
9V battery or AC adaptor 
Size: 
37x85xl30mm 
22-197 

A new approved 8MHz version of last 
years' winnerl The advance design 
features of this oscilloscope make it 

Specifications: 

an absolute essential for industrial 
uses on production lines, in 
laboratories and schools. Ideal for radio 
and TV servicing, audio testing, etc. 

You save because we design, 
manufacture, sell and service. 
Tandy have over 7,000 stores :>ncl rjealersh ips 
worldwide. Over 2, 500 products are made 

Hc.rizontal axis: Deflect1on sens1t1v1ty better 111an 
250mV. DIV. Vertical axis: Deflect1011 senstt1v1ty 
better than lOmV DIV(lDIV 6mm). Bandwidtl1 · 
0.8MHz . Input impedance: lMOhm parallel 
capac1tance 35pF. Time base: Sweep range: 
10Hz lOOk Hz (4 ranges). Synl1ron1zat1on: 
Internal ( ) Size: 200 x 155 x 300 rnm. Supply · 
220 240' 50Hz. 22-9501. 

spectfically for or by Tandy at 16 factories 
around the world. Thequalityofour 
products has been achieved by over 60 years 
of continuous technological advancement. 

I 
The largest electronics retailer in the world. 
Offers subject to avai lability. Instant credi t available in most cases 

OVER 170 STORES AND DEALERSHIPS NATIONWIDE. 

WW-100 FOR FURTHER DETAILS 

276-1373 

276-1363 

276- 1364 

DESCRIPTION 

LED 

LED 

LED 

Pr1wer Tlilll o l~trH 
fl/lou1Jt1ng Hiirclwarf' 

TO 220 Hr•at S1nk 

TO 3 Heat Sn1k 
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Quartz Crystal Cuts 

Double 
Terminated 
Quartz 
Crystal 

I 
z 

-4----AT 

A separate "X" section is 
shown in the illustration at the left. 
A "Z" section cut from the "X" 
section yields the frequency 
control industry's most popular 
cut, the AT. 

M-tron is a major, long established manufacturer 
of AT cut crystals suitable for fundamental and overtone 
operations in the lMHz to 170MHz frequency range. 

There's a fast sampling service backed up by 
volume production capability for the microprocessor, CATV, 
communications, automotive and TV games markets. 

M-tron's big advantage is the sophisticated 
computer design program that determines the optimum 
mechanical parameters of a crystal to meet your electrical 
specifications. 

MCP Electronics are the sole UK agent 
for M-tron products, many commonly used frequencies are 
available from stock at very competitive prices. . 
For more details and the new catalogue, contact Ron Adams, 

MCP Electronics Ltd., Station Wharf, Alperton, Wembley, Middx. 
Tel: 01-902 5941. 

WW-071 FOR FURTHER DETAILS 

WIRELESS WORLD. OCTOBER 1979 

A~T.R_A-PA~i 
All prices include V.A.T . Add 25p for 
P&P (Extra for overseas). Dlocounta 
over £10 less 5%, over £20 less 5%, 
over £20 less 1 0%, over £50 less 
15%, over £100 less 20%. 92 GODSTONE ROAD Send SAE for complete l ist of com -

WHYTELEAFE SURREY CR3 OEB ponents. 

7400 0.12 '7495 0.54 74190 1.05 74LS113 0.36 4007 0.16 4085 0.72' 
7401 0.12 7496 0.60 74191 0.99 74LS114 0.36 : 4008 0.92' 4086 0.76 
7402 0.12 7497 2.38 74192 0.99 74LS 123 0.82 4009 0.45• 4089 1.55 
7403 o:f2 74100 0.114 74193 1.05 74LS124 2.45 4010 0.48· 4093 0.65 
7404 0 .13 74104 0.40 74194 0.90 74LS125 0.44 4011 0.15 ~ 4094 1.80 
7405 0.13 74105 0.40 74195 0.84 74LS 126 0.44 4012 0.16 4095 1.10 
7406 0.28' 74107 0.28 74196 0.90 74LS 132 0.61 4013 0.42 4096 1.10 
7407 0.28 74109 0.45 74197 0.90 74LS 136 0.40 4014 0.80 4097 3.50 
7408 0.14 74110 0.46 74198 1.48 74LS138 0.53 4015 0.77 4098 1.12 ' 
7409 0.14 74111 0 .70 74199 1.48 74LS 139 0.53 4016 0.42' 4099 1.90 ' 
7410 0.13 74116 1.60 74221 1.50 74LS151 1.05 4017 o.n 4404 1.00 o 
7411 0.18 74118 0.82 74273 2.15 74LS 153 0.50 4018 0.87 4412 0.30 
7412 0.21 74119 1.30 74279 1.25 74LS 154 1.20 4019 0.42 4428 0.80 
7413 0.25 74120 0.82 74283 1.70 74LS155 0.86 4020 0.92 4445 1.50 
7414 0.54 74121 0.25 74284 6.85 74LS 1 56 0.86 4021 0.82 4449 0.30 
7416 0.27 74122 0.40 74293 1.35 74LS157 0 .47 4022 0.82 4501 0.17 
7417 0.27 74123 0.53 74298 1.92 74LS 158 0.53 4023 0 .15 4502 0 .88 
7420 0.13 74125 0.44 74390 1.92 74LS160 1.22 4024 0.66 4507 0.50 
7421 0.28 74126 0.45 74393 2.12 74LS161 0.19 4025 0.15 4508 2.25 
7422 0.17 74128 0.62 '14LS66"-'0:Tif 74LS 162 1.22 4026 1.28 4510 1.05 
7423 0.25 74132 0.68 74LS01 0.19 74LS 163 0.69 4027 0.50 4511 0.98 
7425 0.20 74135 0.68 74LS02 0.19 74LS 164 1.20 4028 0.67 4512 0.92 
7426 0.25 74136 0.75' 74LS03 0.19 74LS 168 2.00 4029 0.86 , 4514 2.85 
7427 0.25 74137 0.94 74LS04 0.20 74LS169 2.00 4030 0.48 4515 2.80 
7428 0.34 74141 O.Q 74LS05 0.20 74LS170 ' 1.76 4031 2.34 4516 1.02 
7430 0.13 74142 2.00 74LS08 0.19 74LS173 1.05· 4033 1 .25 4518 0.99 
7432 0.24 '74143 2.00 74LS09 0.19' 74LS174 1.12 4034 2.00 451 .9 0.50 
7433 0.32 74144 2.00 74LS10 0.19 74LS 175 1.05 4035 1.00 4520 1.05 
7437 0.24 74145 0.54 74LS11 0.19 74LS 189 2.85 4036 2.40 4521 2.00 
7438 0.24 74147 1.30 74LS12 0.19 74LS190 0.81 4037 0.99 4522 1.35 [ 
7440 0 .13 74148 1.18 74LS 13 0.46 74LS191 0.81 4038 1.00 4527 1.60 ' 
7441 0.52 74150 0.89 74LS 14 1.10 74LS192 1.80 ; 4039 2.80 4528 0.92 
7442 0.55 74151 0.60 74LS 15 0.19 74LS.193 1.80 4040 0.88 4529 1.10 
7443 0.90 74153 0.60 74LS20 0.19 74LS 195 1.12 4041 0.77 4536 3.56 
7444 0 .90 74154 1.05' 74LS21 0.18 74LS196 1.20 4042 0.72 4553 4.20 
7445 0.70 74155 0 .83 74LS22 0.11 74LS 197 1.20 4043 0.82 4555 0.85 
7446 0.70 74156 0.63 74LS26 0.24 74LS221 1.12 4044 0.82 4556 0.85 
7447A 0 .94 74157 0.63 74LS27 0.40 74LS247 0.97 4045 1.40 4558 1.25 
7448 0.80 74159 1.70 74LS30 0.19 74LS248 0.97 4046 1.32 4566 1.40 
7450 0.13 74160 0.80 74LS32 0.25 74LS249 0.97 4047 0.96 4583 0.75 
7451 0.13 74161 0.80 74LS37 0.27 74LS251 1.00 4048 0 .60 4585 1.03. 
7453 · 0.13 74162 0.80 74LS38 0.27 74LS253 1.05 . 4049 0.42 
7454 0.13 74163 0.80 74LS40 0.19 74LS257 1.05 4050 0.42 
7460 0.13, 74164 0.89 74LS42 0.53 74LS258 1.05 4051 0.94 
7470 0.28 74165 0.88 74LS4 7 0.97 74LS266 0.39 4052 0.84 
7472 0.22 75166 0.99 74LS48 0.97 74LS273 2.50 4053 0.94 
7473 0.28 74167 2.70 74LS49 0.97 74LS279 0.50 4054 1.10 
7474 0.28 74170 1.68 74LS51 0.19 74LS283 1.00 4055 1.00 
7475 0.30 74172 4.00 74LS54 0.19 74LS289 2.85 4060 0.98 
7476 0.28 74173 1.18 74LS55 0.20 74LS293 0.90 4066 0.48 
7480 0.45 74174 0.89 , 74LS73 0.30 74LS298 1.60 4067 3.50 
7481 0.90 74175 0.68 ?4LS74 0.34 74LS352 0.92 4068 0.24 
7482 0.80. 74176 0.88 74LS75 0.45 74LS353 1 .05 . 4069 0.17 
7483 0.72 74177 0.88 74LS76 0.32 7 4LS365 0.50 4070 0 .17 
7484 0.90 74178 1.20 74LS78 0.32 74LS366 0.50 4071 0.17 7485 0.88 74179 1.10 74LS83 0.78 74LS367 0.50 4072 0.17 7486 0.26 ' 74180 0.90 74LS85 0.90 74LS368 0.50 4073 0.17 7489 2.00 74181 1.92 74LS86 0.35 74LS386 0.37 4075 0 .17 7490 0.35 74182 0.75 74LS93 0.95 74LS670 2.00 4076 1.05 ' 7491 _o~. 74184 1.20 74LS95 1.10 4000 0.14 407'7 0.46 
7492 0.44 74185A 1.20 74LS 107 0.36 4001 0.15 '4078 0.22 
7493 0.40 ' 74186 7.20 7 4LS 1 09 0.36 4002 0.16 4081 0.17 
7494 o.8o; 74188 2.70 74LS112 0.38 ,4006 0.92, 4082 0.20 

-
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Si452 . . . .. ... . .. £56.00 
·Distortion Measuring. Unit 
15Hz-20KHz- .01% 

Illustrated the Si 451 
Millivoltmeter - pk-pk 
or RMS calibration with 
variable control for 
relative measurements. 
50 calibrated ranges £7o.:oo. - - -·-

Si453 .· £70.0() 
. Low distortion Oscillator, 
Sine-Square-RIAA 

PRICES plus VAT 

J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 87250l 
CARR STREET •. CLECKHEATON, W. YORKS 8019 5LA 
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LCD DIGITAL MULTI METER. LOW-COST LCD MULTI METER COMPONENTS AND PARTS 
Low-cost hand held digital multimeter with a full 
31J2 digit LCD display. 0. 5% basic accuracy, auto 
polarity operation. 10 Mohm DC input 

impedance. Scales: . 
Reading to ± 1999. oc volts: 

1mVto 1000V 
( 1 °/o ± 1 d1g1t accuracte) . 
ACvolts: 
1mVto500V 
(! 0

'o ± 2 digits accurate) . 
OCcurrent: 
1J..IAto200mA 
( 1% ± 1 digit accurate). 
Resistance: 
lOhm to 20 MOhms 
(1.5% :<. 1 digitaccuratel. 

Power source: 
9V battery or AC 
with opt ional adaptor. 

Size: 
l55x75x30mm 
22-198 

PRICE 

53-19 
AC/DC 8 MHz OSCILLOSCOPE 

A portable, compact sized multi meter with a full 
31/2 digit LCD display. Auto polarity operation, low 
battery indicator. 10 MOhm Input impedance. 

Scales: 
OCvolts: 
2 20 200 1 ooov 
ACvolts: 
200 500V 
OCcurrent: 
2 20 200MA. 
Resistance: 
2 20 200 
2000KOHM. 
Power source: 
9V battery or AC adaptor 
Size: 
37x85xl30mm 
22-197 

A new approved 8MHz version of last 
years' winnerl The advance design 
features of this oscilloscope make it 

Specifications: 

an absolute essential for industrial 
uses on production lines, in 
laboratories and schools. Ideal for radio 
and TV servicing, audio testing, etc. 

You save because we design, 
manufacture, sell and service. 
Tandy have over 7,000 stores :>ncl rjealersh ips 
worldwide. Over 2, 500 products are made 

Hc.rizontal axis: Deflect1on sens1t1v1ty better 111an 
250mV. DIV. Vertical axis: Deflect1011 senstt1v1ty 
better than lOmV DIV(lDIV 6mm). Bandwidtl1 · 
0.8MHz . Input impedance: lMOhm parallel 
capac1tance 35pF. Time base: Sweep range: 
10Hz lOOk Hz (4 ranges). Synl1ron1zat1on: 
Internal ( ) Size: 200 x 155 x 300 rnm. Supply · 
220 240' 50Hz. 22-9501. 

spectfically for or by Tandy at 16 factories 
around the world. Thequalityofour 
products has been achieved by over 60 years 
of continuous technological advancement. 

I 
The largest electronics retailer in the world. 
Offers subject to avai lability. Instant credi t available in most cases 

OVER 170 STORES AND DEALERSHIPS NATIONWIDE. 

WW-100 FOR FURTHER DETAILS 

276-1373 

276-1363 

276- 1364 

DESCRIPTION 

LED 

LED 

LED 
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TO 220 Hr•at S1nk 

TO 3 Heat Sn1k 
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Pil are pleased to announce the official, opening 
oftheir new 1500 sq. ft. showroom to the public. 

Offering a range of some 350 electrical 
measuring instruments manufactured by around 
60 manufacturers, both British and international. 

Pil can cater for practically every 
electrical: measurement problem for any 
user on an ex-stock/short delivery basis. 

The showroom facilities and its 
technical back-up are available to · 
everyone from export 

WIRELESS WORLD, OCTOBER 1979 

houses and overseas users, buyers 
engineers, to do-it-yourself enthusiasts arid 
hobbyists. · 

Instruments Electrical the service and 
calibration division can provide full guarantee 

facilities as well as offering their 
normal repair and calibration service. 

For an immediate solution to 
your instrument problems, contact 
the Instrument Group at 
Instrument House. 

Factory/Repairs 01-639 0155 
North London Showroom 01·965 2352 

AN 'IEC GROUP 
COMPANY 

· Showroom/Sales/Export 01-639 4461 
Open Mon. to Fri. (ring for Sat. opening times) 

WW ·- 108 FOR FURTHER DETAILS 
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With the new OIP, miniat~re . 
low voltage soldering stat1on 

you get precision, operator safety, a choice 
of soldering ir~n lips and superb value at £9.95 (+VAT) 

The new PSU 6 volt soldering station; operating at 360°C has its own compact power unit, a double 
insulated transformer and comes complete with an Oryx 6 watt miniature soldering iron, sponge, sponge 

well, spring holder mounted at an easy load angle, indicator lights and an internal safety fuse. 
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Obtainable also Electroplan Limited, Orchard Road. ITT Electronic Services, Edinburgh Way, T?olrange Limi~ed, Upton Road, 

from our distributors: Royston, Herts. SG8 5HH. Harlow, Essex. CM20 2DE. T1lehurst, Read1ng. RG3 4JA. 

Greenwood Electronics 
Portman Road, Reading, Berks. RG3 1NE Tel: (0734) 595844 Telex: 848659 

WW- 011 FOR FURTHER DETAILS 

~~~~~~'Portable 
Precision' 
LMM-100 Multimeter 

0·1 %Accuracy 
WITH 

Digital Hold 

£69.95+VAT 
Crisp 0.5" LCD read-out gives up to 2,000 hrs. battery life with 'Battery Low' warning. 
Basic Accuracy 0.1%. Ten voltage (min. reading 0.1m V) ten current (min. reading 0.1pA) 
and five resistance (min. reading· 0.1ll) ranges. Unique 'digital hold' facility for easy 
data-logging. Auto-polarity and Auto-zero. Inputs protected against overload. Full 
2 year · warranty. A rugged ABS case with adjustable handle makes the LMM-100 the 
ideal instrument for bench or field use. 

LMM-100 MULTIMETER £69.95. SUITABLE LEADS £1.95. P & P £1.50 . ADD 15% VAT TO ALL PRICES. 

LASCAR ELECTRONICS ·BASILDON (0268)727383 
Unit1,Thomasin Road, Burnt Mills, Basildon,Essex SS13 1LH 

WW- 032 FOR FURTHER DETAILS 
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Pil are pleased to announce the official, opening 
oftheir new 1500 sq. ft. showroom to the public. 

Offering a range of some 350 electrical 
measuring instruments manufactured by around 
60 manufacturers, both British and international. 

Pil can cater for practically every 
electrical: measurement problem for any 
user on an ex-stock/short delivery basis. 

The showroom facilities and its 
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WATTS&RMS 
Some instruments claim 

· true RMS but are AC 
coupled, so that a 
composite input cannot 
be measured without 
calculation-

not so the WM80! 

For true RMS or Power with •difficult' wave­
forms the WM80 AC/DC Test Set is a new 
instrument giving direct readings. Measure­
ments of true RMS, true Average and Peak 
values are given for:- · 

Voltages in the range 30m V to SOOV 
Current in the range 1mA to 15A 

Other direct readings ar~ obtained for:­

Power in the range 3m W to 7 .SKW 
Frequency in the range 10Hz to 10KHz. 

Indirect determinations can be made of 

Power factors 
Form factors 

. Crest factors 

The WM80, at a price of less than £200, is 
the latest product from WPA Ltd., a company 
well known in the Science Education field 
where they have been serving the needs of 
schools and universities for over a decade. 

WALDEN PRECISION APPARATUS LTD. 
SHIRE HILL. SAFFRON WALDEN , 
ESSEX CB11 3BD (Tel : 0799 23018) 

WW- 068 FOR FURTHER DETAILS 

WIRELESS WORLD, OCTOBER 1979 

Our servo IC gives you a complete servo control system 
on a chip. 

It's specia lly designed for the pulse-width position servo 
mechanisms you use in all types of model control. 

ZN419CE gives you a low external component-count and high 
output drive capability. 

Send for the data sheet today, and a full list of stockists. 

Ferranti Electronics Limited, Fields New Road, 
Chadderton, Oldham OL9 8NP Telephone:061-624 0515 

FE I 
Semiconductors 

EL02/14/069 [ill] 
WW - 013 FOR FURTHER DETAILS 

The King of 
Valves 

Genuine Gold Lio~valves- hand 
built, utilising advanced pumping 
techniques and individually tested 
to a tight specification- are your 
answer to the high quality sound 
demai)ds made by musicians and 
listeners alike. 

Gold Lion KT77's and KT88's 
covering 30-200 watts, are now 
available fromM-OV along with 
data and distribution details. Find 
out all abouttheKingofQuality­
fromM-OV. 

@)TradeMarkofM-OVAudio Valves. 

M-OV 
A MEMBER OF THE GEC GROUP 

S711 

THE M-0 VALVE CO . LTD. HAMMERSMITH. LONDON. ENGLAND. W6 7PE. 
TELEPHONE 01 -603 3431 . TEL~X 23435. GRAMS THERMIONIC LONDON. 

WW-016 FOR FURTHER DE"I:AILS 
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The system is simple to use. You 
don't need a darkroom or any 
unusual chemicals. The original 
artwork is not destroyed in the 
process which means: 
You can modify the artwork if a 
pcb is not quite right, without r-·--=-:::::-:::::-:::::::;;::::::----...~~-[IIIDJiiiT~ 
having to remake the whole 
artwork. ~I 
You can make lots of identical-1 /)» @) 1 

pcb's from one artwork. ' 
And you make the artwork more 
cleanly and neatly- in exactly the 
way the profes.sionals do it. 
(All prices include VAT and P&P lftotal under£2 add 20p.) 

Full details with UV Exposure Box and on pages 96, 97 of our 
complete catalogue price 70p + 37p postage. 

AND WE'VE GOT 
EVERYTHING YOU NEED 
UV Exposure Box (XYlOL) £41 .32 

Complete with instructions 
Photo-Sensitive PCB (BW19V) £2.34 203 x 114mm 
Drafting Pack ( BWZOW) £1.52 

Five sheets of film and a grid 
Etching Crystals (XX12N) 79p Makes one pint 

Black Crepe Tapes 
-for tight bends without distortion 

0.031 in. wide (BW21X) 51p 16.46m roll 
0.04 in. wide (BW22Y) 56p 16.46m roll 
0.05 in. wide ( BW23A) 56p 16.46m roll 
0.062 in. wide (BW24B) 68p 16.46m roll . 
0.08in.wide (BW25C) 68p 16.46m roll 
0.1 in. wide (BW26D) 68p 16.46m r,o ll 
0.125 in. wide (BW27E) 92p 16.46m roll 
0.15 in. wide (BW28F) 92p 16.46m roll 
0.2 in. wide (BW29G) 92p 16.46m roll · 

Black Circular Pad 
(outside diameters) 

0.075 in. (BW30H) 94p 250 per roll 
0.1 in. (BW31J) 94p 250 per roll 
0.125 in. (BW32K) 94p 250 per roll 
0.15 in. (BW33L) 94p 250 per roll 
0.2 in.(BW34M) 94p 250 per roll 
0.3 in.(BW350) £1 .26 250 per roll 
0.4 in.(BW36P) f -, £1.49 250 per ro ll . 
0.5 in. (BW37S) £1.87 250 per roll 
0.6 in. (BW38R) £3.82 250 per roll 

Up tu 16-pin DIL IC Cluster 
Full size (BW39N) £2.42 100 per roll 
Twice full size (BW40T) £3.56 100 per roll 
Drafting Template (BW41U) 78p Saves hours 
Scalpel handle (without blade) 
(FY05F) £1.86 
For placing & delicate cutting 
Blades for scalpel (FY06G) 31p Pack of 5 

(Please order using five cha racter bracketed code) 

All prices 
valid until 9th November, 1979 

25 

ft1riP~IIIn 
P.O. Box 3, Rayleigh, Essex . Tel. (0702) 554155. Access & Barclaycard welcome 

ELECTRONIC SUPPLIES LTD Shop address in our full page advert on page 7 . 

WW- 079 FOR FURTHER DETAILS 

FOR POWER 1 
SEMICONDUCTORS. 

\ICiR\ 
INTE RNATIC)NAL 

F1EC:TIFIEF1 

Diodes Thyristors 
Fuses for protecting Semiconductors 
Power Transistors Potted Bridges 

Solid State Relays 
Sili.con Stacks Surge Suppressors 

IN A HURRY! 
070-681 4931 

HARMSWORTH,TOWNLEY & CO. LTD. 
HAREHILL TODMORDEN LANCS Ol14 SJY 

Phone: 070 681 4931 
Telex 635 091 Albion G 
Attn: HARMSWORTH 

METER PROBLEMS?. 

2 3 

s 

1 3 7 Standard Ranges in a variety of 
s1zes and stylings available for 1 0-14 
days delivery . Other Ranges and 
spec1al scales can be rnade to order . 

Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 

WW- 043 FOR FURTHER DETAILS 
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Je[knowle~g~y . for 
The Mark Ill FM Tuner 

sale. 
* Precision construction & 

Lksign of all parts 
DIY Hi-Fi will never seem the 
same again. Ambit's Mark Ill 
tuner system is electric.:llly & 
visually superior to all others. 
Some options available, but 
the illustrated version with 
reference series modules : 
£149.00 + £18.62 VAT 
With Hyperfi Series modules 
£185.00 + £23.12 

PWSANDBANKSPIMETALLOCATOR 
Maintaining our professional approach to 
home constructor kits, we offer the pulse 
induction 'Sandbanks' . Now with inject­
ion molded casing for greatly improved 
enviromental sealing. £37.00+£5.55vat 

VHF MONITOR RX WITH PLESSEY IC 
4/9 channel version of the PW design -
but using standard (fundx9) crystals, and 
TOVO 8 pole crystal filter w ith matching 
transformers. Coil sets from our standard 
range to cover bands from 40 to 200M Hz. 
Complete module kit £31.25 +£3.90vat. 

MICROMARKET 
6800P 
6820P 
6850P 
6810 
6852 
ROBO 

650p 8212 
600p 8216 
275p 8224 
400p 8228 
365p 8251 
630p 8255 

OSTS overflow : 

230p 12102 170p 195p 2112 340p 
350p 2513 754p 
478p 4027 578p 
625p 2114 1000p 
540p +15% VAT 

RADIO and AUDIO MODULES : Consistently the most advanced 
FOR FM 

E F5801 -3·4 series : 6 stage varicap tuning, all with oscillator outp,ut 
5801 Dual gate MOSFET RF stages, bipolar mixer £17.45 + 2.61VAT. 
5803 Dual gate RF/mixer stages, amplified LO aut £19.75 + 2.96VAT 
5804 'Hyperfi' series, with internal PtN diode age, 

and ultra wide range tliniJ:)g system 
EF5402 4stage varicap tuner with TDA1062 and LO 

output. Uses FET/IC input. PIN age 
FOR 30-200MHz 

£24.95 + 3.74VAT 

£10.75 + 1.61VAT 

The EF series are available on special order to cover bands (usually approx 
20% of the centre frequency) in the range described. Details in our price list. 

FOR FM IFs at 10.7MHz 
7030 single 6 pole linear phase filter IF with HA1137£10.95 + 1.64VAT 
7130 two 6 pole linear phase filter IF with CA3189E £16.25 + 2.44VAT 
7230 Hyperfi IF, switchd bandwidth, AGC IF preamp, linear phase 

ceramic filters with diode switched narrow filter £24.95 +3.74VAT 
DECODERS for MPX !STEREO) 

Various types, guaranteed the world's biggest and best ranges 
LARSHOL T FM TUNERSETS 

7252 MOSFET front end combined with CA3089 IF £26.50 +3.97VAT 
725;! JFET front end, combined with IF and decoder£26.50 +3.97VAT 

FM/AM tuning synthesiser, see details elsewhere in th is advertisement 

* Time/ frequency display 
* State of tile art performance 

with facilities for updatL'S. 
using modular plug in 
systems. 

* Deviation level calibrator 
for recording 

* ALL TUNER KITS £3 carriage 
All usual tuner featun.:s 

COMPONENTS FOR RADIO/COMMUNICATIONS/AUDIO/TV etc. 
As usual, Ambit brings you the latest and best, a small selection of which is shown 
in this advertisement. The Ambit catalogues contain information on most of the 
devices mentioned here- and an order for the new part three will ensure you stay up 
with latest developments. Data photocopying service described in pricelist info. 
RADIO ICs for FM vat SL 1600 series Audio preamps vat 

g~~m~ ~:~~ ~~ ~t ~ ~~ ~ ~ :~g ~: t~~~~~ ~ :~~ ~~ i !l ~ ~ 
~~~~~~~ ~:~g ~~ ~t~~~~ i :~~ ~: ~::!~~ ~:~~ ~~ ~ ~~~ 
SN76660N 0.75 11 Sl1620 2.17 33 TDA1028 3.50 53 + fi~ 
RADIO ICs for AM/FM SL1621 2.1 7 33 TDA1029 3.50 53 ~ -fi ~ 
TDA1090 3.35 50 ~t1~~~ ~:i~ ~~ TDA1074 · 3.75 56 ~ il-; 
:::g~~~~g ~:~~ ~ Sl1625 2.1 7 33 ~~~::oc;;er 0.75 11 ~]?~ 
IFAMPLIFIERS SL1626 2.44 37 TBA810AS 1.09 16::li,\i ·E 
K84406 0.50 07 SL1630 1.62 24 LM380N 1.00 15 ~:C::,. 

~;~~~Oms ics 1~~~ 18 ~ti~!~ i:~~ ~~ ¥~~~~~~ 1:~~ ~~ E g ~ i 
COMMUNICATIONS m~~g I~6 :~ ~~!~~~0 ~:~~ !~ ~ tn 
~:::g ~:~; ~~ ~g~!~~ ~: ~~ i~ FETs, MOSFETs, bipolars. 
SD6000 3. 75 56 NE544 1_ 70 25 and various others: see PL 

Current news: A PCB for the Mullard DC tone and volume control system is now available £3 + 0.45 VAT. HMOS PA modules for 60-100W- kit £14 +£2.10VAT, heatsink £4.10+0.61. 
FM radio control system crystals £3.75 pair inc VAT (Sept. on). MK50366N : static drive. clock/timer IC £3.78 + 0 .57 VAT. 12Y:zkHz channel spacing 8 pole 10.7MHz XTAL filter by TOYO 
type H4402 £15.50 + £2.32VAT.- A further updated pricelist is now available, and we would like to remind yolJ that enquiries can only be answered if accompanied either by an official 
business letterhead, or anSAE. STOP PRESS: TOKO's new split-apart triple AM tuning diodes are in stock £2.45 + 37p VAT, (KV1215). S BU diode DBM 1:500MHz- £4.25+0.64p . 
Terms: CWO please. Account facilities for commercial customers OA. Postage 25p per order . Minimum credit invoice for account customers £10.00. Please follow instructions on 

VAT, which is usually shown as a separate amount . Overseas customers welcome - please allow for postage etc according to desired shipping method. Access facilities for credit purchases. 
Catalogues: Ambi t. Part 1 45p. Part 2 SOp 90p pair. TOKO Euro shortform 20p. Micrometats toroid cores 40p. All inc PP etc. Full data service described in pricetist supplements. 
Hours/phone : We are open from 9am -7pm for phone calls. Callers from 10am to 7pm. Admin istrative enquiries 9am to 4 .30pm please (not Saturdays) . Saturday service 10am to 6pm. 

ambit ® 
international 

AMBIT catalogues are guaranteed to contaon the• •nost up to date and best on formed comment on 
modern developments and advances on the foeld of radoo and audoo There os no competetove 
publocatoon that even approaches the broad range of parts/onformatoon on modern technoques 

2 Gresham Road, Brentwood, EsseH. 
WW- 093 FOR FURTHER DETAILS 

. LOWE ELECTRONICS L TO.· 119 CAVENDISH ROAD. MATLOCK. DERBYSHIRE . 
TEL 0&29 2430 OR 2817. Ti:u:'x-3774s2L"ow"Li:-c G. 

CS1577 
'f30mm DUAL TRACE . 
TRIGGERED SWEEP 
. QSCILLOSCOPE 

£480 +VAT 
PRICE INCLUDES JWO X10 

·FUlL BANDWIDTH PROBES 

* 130 mm mesh PDA * DC-30MHz * 2 mV sensitivity * Signal delay 
·* Auto level triggering * Display modes CH1 . CH2. DUAL. 

Al>D. X-Y 
*. Single shot with variable hold off · 

SPECIFICATION 
Bandwidth :- -

Sensitivity: 
' lnputR .C.: 

Risetime : 
Overshoot: 
Sweep time: 

Linearity : 
Calibrator: 

Trigger 
bandwidth : 

Trace rotation: 
Phosphor: 
Power: 

Dimensions : 

Weigh1 : 

NEW 
MODEL 

CS1577 

30 MHz/2mV 

·De- 36 ·MHz (3 
dB) 40 MHz (6 
dB) 
2 mVIcm-
10VI cm 
1 M ohm 22 pF 
11 .7 nS 
less than 3% 
100 nSicm -
0 .5S/ cm 
better than 3% 
1 KHz 100 mV 
square wave 

DC - 40MHz 
Electrical 
P31 
AC 
100/12011 

2201240V 
50 160 Hz40W 
260mm x 
190mm x 
375mm 
10 Kg 

CS1352 DUAL TRACE 15 -
MHz/2mV PORTABLE 

/
_' 11¥1-~ :~~- \£350 -+VAT 

' [~;_ ,; o_]~~~F~~~ 

The CS1 352 oscilloscope offers you not only dual trace, 
1 5MHz bandwidth operation at sensitivities down to 
2mV I em but also use from 100-240 Vac mains -d 
portable operation using the optional rechargeable battery 
pack, Automatic charging is carried out when the CS 1 3 52 
is plugged into a mains supply. Now you can have top 
performance both on the bench and out in the field - and 
at an affordable price . 

CSf~i"'!S D~~~IRACE 4 -FUNCTiON 
The CS1575 is a unique tool for the · 
audio engineer. It features the normal 
facility of dual trace display with 
sensitivity to 1 mV I em but not only can it 
display the input signals on two 
channels. it can simuhaneously display 
the phase angle between them and 
measure the phase angle referenced to a 
zero phase cal ibration display. In addition 

·to these unique features. you also have 
independent triggering from each 
channel to give stable displays even with 
widely differing input frequencies . 
Absolutely indispensable to the 
professional audio engineer, the CS1 575 < 
is now in use all over the world . See it in 
action or send for complete details . 

£278 +VAT ·r:r ~I---~: . The Trio"range -ofoscilloscopes offer top quality at moderate cost. The briefspecifications show the performance featu.res which have made . ·---~ .. ~J these oscilloscopes firm favourites in all parts of the world, with bandwidths to 30 MHz and sensitivities down to 1mVIcm on 130 mm ·.O.SCILLOSCOPES·. ' scree~s . ,Prices are very realistic and vve try to ensure thatdelivery is ex-stock at all times- quite a change these days. 
.F~R--FUUDETAifs ON-THESE AND OTHER-MC,-DELS. -col\iiA'c"fttflf$0-LEAGENTs·.-LOWE-ELECTR(fNICS 

WW- 061 FOR FURTHER DETAILS 
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POWER UNITS 
Now available with 

3 OUTPUTS 

Type250VRU/30/15 

OUTPUT 1: 0-30v, 25A DC 

·ouTPUT 2: 0-70v, 10AAC 

.'OUTPUT 3: 0-250v~ .4A AC 

ALL 
Continuously 

Variable 

meetthemetrics 
A great variety of tools ana sets to hel~ you turn most 
any Metric fastener or adjusting screw you're likely to en­

·counter .•. hex socket set screws and cap screws, hex nuts, 
hex head cap screws, and whatever. 

All tools precision m .ade for e~act fit. Brig~t ni~k~l chrome 
nutdriver shafts and protect•ve black ox1de fm1shed hex 
socket screwdriver blades. Plastic (Ul) handles shaped for 
perfect grip and balance. 

FIXED HANDLE NUTDRIVERS 

NUTDRIVER SHANKS & 
HEX SOCKET SCREWDRIVER 
BLADES for use interchangeably 
in Series 99 plain and ratchet 
type handles. - · · 

:....-----e-:~- ··-
.~ ~ 

COMPACT SETS 
No. 99-PS-41-MM 

(7 Metric hex 
socket blades, 
extension and 
handle) 

No. 99-PS·Sl·MM 
(10 Metric 
nutdriver ~-
shanks, 
extension 
and handle) 

Replacement Blades and Shanks· spa.rately available for 99 Series' 
Sets 

Tel: 
01-629 
9556 

Full catalogue available on request 

Cables : 
Speciprod 

London W1 

Distributed by SPECIAL PRODUCTS DISTRIBUTORS LTD . 
81 Piccadilly, London W1V OHL 

WW-023 FOR FURTHER DETAILS 

Full data and 
. Free sample 

on request. 

MCP Electronics Limited 
Station Wharf Alperton Wembley Middx. 

Telephone: 01-902 5941 

WW-072 FOR FURTHER DETAILS . 
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Je[knowle~g~y . for 
The Mark Ill FM Tuner 

sale. 
* Precision construction & 

Lksign of all parts 
DIY Hi-Fi will never seem the 
same again. Ambit's Mark Ill 
tuner system is electric.:llly & 
visually superior to all others. 
Some options available, but 
the illustrated version with 
reference series modules : 
£149.00 + £18.62 VAT 
With Hyperfi Series modules 
£185.00 + £23.12 

PWSANDBANKSPIMETALLOCATOR 
Maintaining our professional approach to 
home constructor kits, we offer the pulse 
induction 'Sandbanks' . Now with inject­
ion molded casing for greatly improved 
enviromental sealing. £37.00+£5.55vat 

VHF MONITOR RX WITH PLESSEY IC 
4/9 channel version of the PW design -
but using standard (fundx9) crystals, and 
TOVO 8 pole crystal filter w ith matching 
transformers. Coil sets from our standard 
range to cover bands from 40 to 200M Hz. 
Complete module kit £31.25 +£3.90vat. 

MICROMARKET 
6800P 
6820P 
6850P 
6810 
6852 
ROBO 

650p 8212 
600p 8216 
275p 8224 
400p 8228 
365p 8251 
630p 8255 

OSTS overflow : 

230p 12102 170p 195p 2112 340p 
350p 2513 754p 
478p 4027 578p 
625p 2114 1000p 
540p +15% VAT 

RADIO and AUDIO MODULES : Consistently the most advanced 
FOR FM 

E F5801 -3·4 series : 6 stage varicap tuning, all with oscillator outp,ut 
5801 Dual gate MOSFET RF stages, bipolar mixer £17.45 + 2.61VAT. 
5803 Dual gate RF/mixer stages, amplified LO aut £19.75 + 2.96VAT 
5804 'Hyperfi' series, with internal PtN diode age, 

and ultra wide range tliniJ:)g system 
EF5402 4stage varicap tuner with TDA1062 and LO 

output. Uses FET/IC input. PIN age 
FOR 30-200MHz 

£24.95 + 3.74VAT 

£10.75 + 1.61VAT 

The EF series are available on special order to cover bands (usually approx 
20% of the centre frequency) in the range described. Details in our price list. 

FOR FM IFs at 10.7MHz 
7030 single 6 pole linear phase filter IF with HA1137£10.95 + 1.64VAT 
7130 two 6 pole linear phase filter IF with CA3189E £16.25 + 2.44VAT 
7230 Hyperfi IF, switchd bandwidth, AGC IF preamp, linear phase 

ceramic filters with diode switched narrow filter £24.95 +3.74VAT 
DECODERS for MPX !STEREO) 

Various types, guaranteed the world's biggest and best ranges 
LARSHOL T FM TUNERSETS 

7252 MOSFET front end combined with CA3089 IF £26.50 +3.97VAT 
725;! JFET front end, combined with IF and decoder£26.50 +3.97VAT 

FM/AM tuning synthesiser, see details elsewhere in th is advertisement 

* Time/ frequency display 
* State of tile art performance 

with facilities for updatL'S. 
using modular plug in 
systems. 

* Deviation level calibrator 
for recording 

* ALL TUNER KITS £3 carriage 
All usual tuner featun.:s 

COMPONENTS FOR RADIO/COMMUNICATIONS/AUDIO/TV etc. 
As usual, Ambit brings you the latest and best, a small selection of which is shown 
in this advertisement. The Ambit catalogues contain information on most of the 
devices mentioned here- and an order for the new part three will ensure you stay up 
with latest developments. Data photocopying service described in pricelist info. 
RADIO ICs for FM vat SL 1600 series Audio preamps vat 

g~~m~ ~:~~ ~~ ~t ~ ~~ ~ ~ :~g ~: t~~~~~ ~ :~~ ~~ i !l ~ ~ 
~~~~~~~ ~:~g ~~ ~t~~~~ i :~~ ~: ~::!~~ ~:~~ ~~ ~ ~~~ 
SN76660N 0.75 11 Sl1620 2.17 33 TDA1028 3.50 53 + fi~ 
RADIO ICs for AM/FM SL1621 2.1 7 33 TDA1029 3.50 53 ~ -fi ~ 
TDA1090 3.35 50 ~t1~~~ ~:i~ ~~ TDA1074 · 3.75 56 ~ il-; 
:::g~~~~g ~:~~ ~ Sl1625 2.1 7 33 ~~~::oc;;er 0.75 11 ~]?~ 
IFAMPLIFIERS SL1626 2.44 37 TBA810AS 1.09 16::li,\i ·E 
K84406 0.50 07 SL1630 1.62 24 LM380N 1.00 15 ~:C::,. 

~;~~~Oms ics 1~~~ 18 ~ti~!~ i:~~ ~~ ¥~~~~~~ 1:~~ ~~ E g ~ i 
COMMUNICATIONS m~~g I~6 :~ ~~!~~~0 ~:~~ !~ ~ tn 
~:::g ~:~; ~~ ~g~!~~ ~: ~~ i~ FETs, MOSFETs, bipolars. 
SD6000 3. 75 56 NE544 1_ 70 25 and various others: see PL 

Current news: A PCB for the Mullard DC tone and volume control system is now available £3 + 0.45 VAT. HMOS PA modules for 60-100W- kit £14 +£2.10VAT, heatsink £4.10+0.61. 
FM radio control system crystals £3.75 pair inc VAT (Sept. on). MK50366N : static drive. clock/timer IC £3.78 + 0 .57 VAT. 12Y:zkHz channel spacing 8 pole 10.7MHz XTAL filter by TOYO 
type H4402 £15.50 + £2.32VAT.- A further updated pricelist is now available, and we would like to remind yolJ that enquiries can only be answered if accompanied either by an official 
business letterhead, or anSAE. STOP PRESS: TOKO's new split-apart triple AM tuning diodes are in stock £2.45 + 37p VAT, (KV1215). S BU diode DBM 1:500MHz- £4.25+0.64p . 
Terms: CWO please. Account facilities for commercial customers OA. Postage 25p per order . Minimum credit invoice for account customers £10.00. Please follow instructions on 

VAT, which is usually shown as a separate amount . Overseas customers welcome - please allow for postage etc according to desired shipping method. Access facilities for credit purchases. 
Catalogues: Ambi t. Part 1 45p. Part 2 SOp 90p pair. TOKO Euro shortform 20p. Micrometats toroid cores 40p. All inc PP etc. Full data service described in pricetist supplements. 
Hours/phone : We are open from 9am -7pm for phone calls. Callers from 10am to 7pm. Admin istrative enquiries 9am to 4 .30pm please (not Saturdays) . Saturday service 10am to 6pm. 

ambit ® 
international 

AMBIT catalogues are guaranteed to contaon the• •nost up to date and best on formed comment on 
modern developments and advances on the foeld of radoo and audoo There os no competetove 
publocatoon that even approaches the broad range of parts/onformatoon on modern technoques 

2 Gresham Road, Brentwood, EsseH. 
WW- 093 FOR FURTHER DETAILS 

. LOWE ELECTRONICS L TO.· 119 CAVENDISH ROAD. MATLOCK. DERBYSHIRE . 
TEL 0&29 2430 OR 2817. Ti:u:'x-3774s2L"ow"Li:-c G. 

CS1577 
'f30mm DUAL TRACE . 
TRIGGERED SWEEP 
. QSCILLOSCOPE 

£480 +VAT 
PRICE INCLUDES JWO X10 

·FUlL BANDWIDTH PROBES 

* 130 mm mesh PDA * DC-30MHz * 2 mV sensitivity * Signal delay 
·* Auto level triggering * Display modes CH1 . CH2. DUAL. 

Al>D. X-Y 
*. Single shot with variable hold off · 

SPECIFICATION 
Bandwidth :- -

Sensitivity: 
' lnputR .C.: 

Risetime : 
Overshoot: 
Sweep time: 

Linearity : 
Calibrator: 

Trigger 
bandwidth : 

Trace rotation: 
Phosphor: 
Power: 

Dimensions : 

Weigh1 : 

NEW 
MODEL 

CS1577 

30 MHz/2mV 

·De- 36 ·MHz (3 
dB) 40 MHz (6 
dB) 
2 mVIcm-
10VI cm 
1 M ohm 22 pF 
11 .7 nS 
less than 3% 
100 nSicm -
0 .5S/ cm 
better than 3% 
1 KHz 100 mV 
square wave 

DC - 40MHz 
Electrical 
P31 
AC 
100/12011 

2201240V 
50 160 Hz40W 
260mm x 
190mm x 
375mm 
10 Kg 

CS1352 DUAL TRACE 15 -
MHz/2mV PORTABLE 

/
_' 11¥1-~ :~~- \£350 -+VAT 

' [~;_ ,; o_]~~~F~~~ 

The CS1 352 oscilloscope offers you not only dual trace, 
1 5MHz bandwidth operation at sensitivities down to 
2mV I em but also use from 100-240 Vac mains -d 
portable operation using the optional rechargeable battery 
pack, Automatic charging is carried out when the CS 1 3 52 
is plugged into a mains supply. Now you can have top 
performance both on the bench and out in the field - and 
at an affordable price . 

CSf~i"'!S D~~~IRACE 4 -FUNCTiON 
The CS1575 is a unique tool for the · 
audio engineer. It features the normal 
facility of dual trace display with 
sensitivity to 1 mV I em but not only can it 
display the input signals on two 
channels. it can simuhaneously display 
the phase angle between them and 
measure the phase angle referenced to a 
zero phase cal ibration display. In addition 

·to these unique features. you also have 
independent triggering from each 
channel to give stable displays even with 
widely differing input frequencies . 
Absolutely indispensable to the 
professional audio engineer, the CS1 575 < 
is now in use all over the world . See it in 
action or send for complete details . 

£278 +VAT ·r:r ~I---~: . The Trio"range -ofoscilloscopes offer top quality at moderate cost. The briefspecifications show the performance featu.res which have made . ·---~ .. ~J these oscilloscopes firm favourites in all parts of the world, with bandwidths to 30 MHz and sensitivities down to 1mVIcm on 130 mm ·.O.SCILLOSCOPES·. ' scree~s . ,Prices are very realistic and vve try to ensure thatdelivery is ex-stock at all times- quite a change these days. 
.F~R--FUUDETAifs ON-THESE AND OTHER-MC,-DELS. -col\iiA'c"fttflf$0-LEAGENTs·.-LOWE-ELECTR(fNICS 

WW- 061 FOR FURTHER DETAILS 

WIRELESS WORLD, OCTOBER 1979 

POWER UNITS 
Now available with 

3 OUTPUTS 

Type250VRU/30/15 

OUTPUT 1: 0-30v, 25A DC 

·ouTPUT 2: 0-70v, 10AAC 

.'OUTPUT 3: 0-250v~ .4A AC 

ALL 
Continuously 

Variable 

meetthemetrics 
A great variety of tools ana sets to hel~ you turn most 
any Metric fastener or adjusting screw you're likely to en­

·counter .•. hex socket set screws and cap screws, hex nuts, 
hex head cap screws, and whatever. 

All tools precision m .ade for e~act fit. Brig~t ni~k~l chrome 
nutdriver shafts and protect•ve black ox1de fm1shed hex 
socket screwdriver blades. Plastic (Ul) handles shaped for 
perfect grip and balance. 

FIXED HANDLE NUTDRIVERS 

NUTDRIVER SHANKS & 
HEX SOCKET SCREWDRIVER 
BLADES for use interchangeably 
in Series 99 plain and ratchet 
type handles. - · · 

:....-----e-:~- ··-
.~ ~ 

COMPACT SETS 
No. 99-PS-41-MM 

(7 Metric hex 
socket blades, 
extension and 
handle) 

No. 99-PS·Sl·MM 
(10 Metric 
nutdriver ~-
shanks, 
extension 
and handle) 

Replacement Blades and Shanks· spa.rately available for 99 Series' 
Sets 

Tel: 
01-629 
9556 

Full catalogue available on request 

Cables : 
Speciprod 

London W1 

Distributed by SPECIAL PRODUCTS DISTRIBUTORS LTD . 
81 Piccadilly, London W1V OHL 

WW-023 FOR FURTHER DETAILS 

Full data and 
. Free sample 

on request. 

MCP Electronics Limited 
Station Wharf Alperton Wembley Middx. 

Telephone: 01-902 5941 

WW-072 FOR FURTHER DETAILS . 
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I OLSON 
PORTABLE MAINS DISTRIBUTION TO SUIT ALL NEEDS! 

1 9" Rack Mounting Type 13A/ 4SW I R £16.80 
Plus P&P £1 +VAT 

NEW! 1 0 sockets switched 
in sloping box 

Type 13A/10SW £27.50. P&P £1.85+VAT 

COMPLETE WITH 6FT. CABLE AND 
13-AMP FUSED PLUG. 

4 sockets 1 3A · . ..... .' 
6 sockets 1 3A ..... . 
4 sockets 1 3A switched 
6 sockets 1 3A switched 

+ Post £1 + VAT 

ALL DISTRIBUTION PANELS ARE FITTED WITH MK SOCKETS & PLUG 

Send for details of complete range 

BECAUSE 
1) Established company trading since 1 9 71 

2) Electronic servicing is our speciality 

3) We have in house programmers/systems analysts 

4) We have our own service engineers 

5) We will demonstrate the PET at your premises 

6) We can customise the PET to your require~en_ts 

7) We can arrange finance 

8K £550 .00 +VAT 
16K £675.00 +VAT 
32K £795 .00 +VAT 

£12.75 
£15.00 
£14.45 
£16.75 

New Large 
Keyboard 'PETS ' 
Now in Stock 

.. .. • • • ~ " 'f .. 

Also 
available: 

• ? 1 1 f 'f'l f' f "'I 'f If 1' 4t 

' t ( Jilt,. !f- 1: .. 'W. y ......._I 
• :r r :f_!_ li' :FS•\!1--------- ~ 

'READY TO USE 

"DISCO 8 \j \::: ~ ~ \:.. \:.. 
~;:;:~ ................... ... 

OLSON E!.£Crn<l><ICS 'TO 
,.. t. e:.a 1~N2 ... 

INSTANT 
TRUNKING! 

8-Channel Disco Unit £~3 
Plus P&P £2+VAT 

TR6- 6 sockets switched 
TR9 - 9 sockets switched 

£21.50 Plus P&P £2+VAT 
£25.50 

Mains Isolating Unit 

The Olson mains 
isolating unit is an es­
sential bench item for 
safety when testing and 
repairing mains­
operated equipment. 
The isolating trans­
former has an earthed 
screen and is rated 
250VA. 

£38 + P&P £2 +VAT 

OLSON ELECTRONICS LTD., FACTORY NO.8, 5-7 LONG ST .. LONDON _E2 SHJ 
TEL. 01-739 2343 

8) We offer, after the three-month warranty, a service contract from 
£69 .50 

9) You benefit from our experience of having sold over 250 
micro-computers to industrial, educational and business, perso­
nal users . . 

We specialise in programs and interfaces for weighing applica­
tions for average weight control and counting, etc . 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

All 'PETS' sold with a Basic Tutorial Tape 
In our showroom we sell 
Books, Programs, etc . 

24K Memory Expansion Boards (disk-compatible), only £320 +VAT 
PET-compatible I dual floppy disk unit with advanced ope(ating system, only £840 +VAT 
Large Extension Keyboard for the PET £89 .50 +VAT 
Telephone for complete system prices : Wide Range of Printers Available 

If you require any more information or demonstration regarding the PET 2001/8 or any associated equipment, programs, etc., please 
contact Mr. P. J. A. Watts or Mr. D. W. Randall at: . 

PETALECT ELECTRONIC SERVICES LTD 
33./ 35 Portugal Road, Waking, Surrey 
Tel. Woking 69032168497 

Shop at: 
PETALECT 
Chertsey Road, Woking, Surrey 
Tel. Woking20727123637 

WIRELESS WORLD , OCTOBER 1979 

1re · 
repa1r 

ANALYSERS 
AIRMEC 248A Wave Analyser 5-300MHz . . . . . . . . . . . £150.00 
AIRMEC 853 Wave Analyser 30KHz-30MHz ......... £95.00 
DYMAR 771 A.F. Wave Analyser 20Hz-50KHz ...... £250.00 
TEKTRONIX 1L20 Spectrum Analyser lOMHz-4.2GHz £1500.00 
WAYNE KERR A.321 Wave Analyser 20Hz-20KHz .. £100.00 
ATIENUATORS 
ADVANCE A.64. 0-70dB 1dB steps 600 ohms ......... £40.00 
MARCONI 1073A 0-100dB 1dB steps 75 ohms ........ £75.4)9 
PHILCO Attenuator 30dB fixed 50 ohms 100 watt . . .. . £25.00 
BRIDGES 
GENERAL RADIO 1607 Transfer Function and Immittance 

Bridge, complete in box . . . . . . . . . . . . . . . . . . . . . . . . . £250.00 
CINTEL 1862 Wide Range Capacitance Bridge . . . . . . . £50.00 
CINTEL 2771 Incremental Inductance Bridge . . . . . . . . £85.00 
SULLIVAN 4 Decade Resistance Box 10, 1, 1110, 11100 £95.00 
WAYNE KERR R.161 Bridge Detector 5-IOOMHz ..... £70.00 
WAYNE KERR B.221A Universal Bridge 01.% ....... £200.00 
WAYNEKERRB.601 R.F. Bridge 1% 15KHz-5MHz .. £195.00 
COUNTERS 
MARCONI TF.1417 + TM.7164 7 Digit 500MHz ..... £195.00 
HEWLETT-PACKARD 5260A 0.3-12.4GHz Frequency Divider 

. . £450.00 

RACAL 835 6 Digit DC-15MHz . . . . . . . . . . . . . . . . . . . . £135.00 
TAKEDA RIKEN 8 Digit 10Hz-500MHz Counter .... £275.00 
METERS · 
ADVANCE VM.78 Millivoltmeter 0.001V-300V 1Hz-1MHz. 

Battery operated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £60.00 
AIRMEC 210 Modulation Meter 2.25MHz-300MHz . . . . £95.00 
AIRMEC 301A R.F. Millivoltmeter 100uV-300V. 100Hz-900MHz 

........... ..... ..... . . .. ... . . ......... ....... £175.00 
AIRMEC 301 R.F. Millivoltmeter 300uV-300V 100Hz-900MHz 

....... ' ... .. ..... ................... ... ...... .. £125.00 
RACAL/ AIRMEC 314A Electronic Voltmeter ....... £175.00 
AIRMEC 319 U.H.F. Wattmeter 10-300mW 1MHz-1.4GHz .. 

..... .... .. ..... .. .. .... . ... .... . ....... ......... £95.00 
AVO Precision A vometer . . . . . . . . . . . . . . . . . . . . . . . . . £160.00 
DYMAR 711 Microvoltmeter VHF 300uV -3V 50KHz-850MHz 

£175.00 
DYMAR 761 Noise Factor Meter 1-220MHz ......... £100.00 
HEWLETT-PACKARD 409H V.T. Voltmeter 10Hz-4MHz. 

1mV-300V . . ...... .. .... .. .. .. . .... .. ...... . ... £150.00 
MARCONI 791D Carrier Deviation Meter 4MHz-1GHz £225.00 
MARCONI TF.l020A/1 R.F. Power Meter 0-100 watt 50 ohms 

. £100.00 
MARCONI TF.l152 R.F. Power Meter 0-25 watts 75 ohms 

£65.00 
MARCONI TF.1245/ 1247 Magnification Meter and Oscillator 

20-300Miiz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £500.00 
MARCONI TF.2600 SensitiveValve Voltmeter 1mV-300V 1% to 

500 KH:z .................. . ........ . ........ .. £135.00 
MARCONI TF.2604 Electronic Voltmeter . ... . ... . . . £250.00 

·MUIRHEAD D-729-BM Phase Meter 0.25Hz-lOKHz .. £175.00 
RADIOMETER BKF.6. Distortion Meter 20Hz-20KHz Distor-

tion 20Hz-200KHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £250.00 
OSCHLOSCOPES 
HEWLEIT-PACKARD 130C X-Y-T DC-500KHz 200uV /em 

£275.00 
, SCOPEX 40-25 Dual Beam 25MHz 10m V I em, NEW . £360.00 
SCOPEX4D-10BDualBeam 10MHz 10mV/cm, NEW £210.~ 

·TEKTRONIX 535A Dual Beam DC-15MHz Sweep Delay M~m 
-l Frame only . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £200.00 

·MARTIN ASSOC.i_ATES 
34 Crown Street 
Reading 

. Berks. RG 1 2SE 
;Tel. Readi 

You11 do Jietter -at Martin Associates~ 
; -->;_ · . . we QL!!fl'antee it' . _' 

.TEKTRONIX 549 Storage Scope DC-30MHz c/w 1Al Plug in 
£850.00 

TELFORD A Oscilloscope Camera Polaroid . . . . . . . . . £150.00 
TEKTRONIX 545B + CA Dual Beam DC-33MHz . . . . £350.00 
TEKTRONIX 545B + 1A1 Dual Beam DC-33MHz . ... £400.00 
TEKTRONIX Plug Ins E, L, M, R, 1A6, 1A1, CA, 81, 82 

From £75.00 
TEKTRONIX Probes Various P.6056, P6057 , P.6108, P6105, 

P.6075A, P.6045, P6028 ... .... .. . . . . ........ From £12.00 
SOIARTRON CD.1183 Dual Beam DC-lOMHz .... .. £125.00 
POWER SUPPLY UNITS 
ADVANCE CVT.250W 500W ..... . .... ..... .. From £45.00 
ADVANCEDC.302 P.S.U. 5V. 7A .................. £25.00 
ADVANCE PM.12 P.S.U. 30-50V lOA ........... . .... £25.00 
ADVANCE PP3 P.S.U. 0-30V lA Twin ............... £85.00 
A.P.T. TCU.250 0-50V 2A .......................... £95.00 
BELIX TSS.86 0-30V 3A Rack Mounted ....... ...... . £50.00 
ROBAND C.128 Convertor liP 200-250V 50Hz 0/P 115V-400Hz 

Solid State lOOV A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £125.00 
ROBANDT.111 P.S.U. 0-50V 5A .................... £80.00 
VAREXP.S.U.0-60V lA .......................... £125.00 
FARNELL L.30 0-50V 2A . .. . . . . . . . . . . . . . . . . . . . . . . . £75.00 
SIGNAL SOURCES . 
ADVANCE JIB Oscillator 15Hz-50KHz 0/P 1 Watt 600/5 ohms 

£45.00 
AIRMEC 252 Signal Generator 30Hz-300KHz ole 15V . £85.00 
AIRMEC 365AVHF. AM/FM 1-320MHz 0/P 2uV-220mV 

. £750.00 
~EWLETT-PACKARD 608D Signal Generator 10-420MHz 50 

ohms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £350.00 
.GENERAL RADIO 1209C Oscillator Unit 250-960MHz £75.00 
MARCONI TF.144H/4 Signal Generator 10KHz-72MHz £470.00 
MARCONI TF.995A/5 Signal Generator AM/FM 1.5MHz-

220Miiz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £600.00 
;MARCONI TF.1066B/6 Signal Generator AM/FM 10MHz-
i 470MHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. £600.00 
MARCONI TF.1099 Sweep Generator 0-24MHz .. ... £150.00 
MARCONI TF.l370A R.C. Oscillator 10Hz-10MHz, 10Hz-

100KHz Square Wave .......................... £150.00 
MUIRHEAD D-650-B 1-111, 100 . ... . .. .. ........... £130.00 
RHODE & SCHWARZ SWF Sweep Generator 5MHz-225MHz 

. . £185.00 

RHODE & SCHWARZ SWH Sweep Generator 50KHz-12MHz 
£195.00 

SIEMENS Level Oscillator /Meter 1 OKHz-17MHz . . . . £200.00 
FARNELL LM.2 Oscillator Square/Sine IOHz-lMHz . . £75.00 

RECORDERS o 

KENT MK. III 12 pt Resistance Thermometer 0-120 C £100.00 
ADVANCE (Clevite) 260 6 pen Chart Recorder ..... £1200.00 
HEWLEIT-PACKARD (Mosley) 2D X-Y-T Recorder £200.00 
HEWLEIT-PACKARD 7035B X-Y Plotter .......... £500.00 
HONEYWELL 1706 6 Channel U /V Chart Recorder 4 Galvos 

Miscrii:.\NF:ous ........... ... ... ... .... .. .. ... . £350.00 

AVO TT.164 Circuit Transistor Tester . . .... .. ... .. . . £80.00 
Cawkell FU.4. Variable Band Pass Filter ............ £~50.00 
MOD Insulation Tester AC/DC 1-5KV .. .. . ........ . £50.00 
LIGHT LAB 361D Analogue Thermometer -70°C-·IOooc 6 

channellO Probes .... ........ .. ........ .... ..... £65.00 
RHODE & SCHWARZ SWOB Polyskop 0.5-400MHz . £450.00 
KULLICKE & SOFF A 472 Gold Ball Bonder .. ... .. .. £250.00 
GRIFFIN Oven Amb-100°C . . ........ . .. . . .. ..... .. £60.00 
AVO CZ.457 /6 Component Comparator 1KHz .. .... £250.00 
ADL.270/6BR Analogue Limit Detector . . . . . . . . . . . . . £250.00 
MICROWAVE 
MARCONI 6458 Signal Source 

4-12GHz. Solid State £450.00 
MARCONI 6004/4 Mixer 7-

10GHz . . . . . . . . . . . . . . £30.00 
MARCONI XT15/16 Trans­

fanner . . . . . . . . . . . . . . £15.00 
HEWLETT-PACKARD J347A, 

J910A, J281A Noise Source, 
Terminator, Adaptor 5.3-
8.2GHz ....... .. .' . . £100.00 
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I OLSON 
PORTABLE MAINS DISTRIBUTION TO SUIT ALL NEEDS! 

1 9" Rack Mounting Type 13A/ 4SW I R £16.80 
Plus P&P £1 +VAT 

NEW! 1 0 sockets switched 
in sloping box 

Type 13A/10SW £27.50. P&P £1.85+VAT 

COMPLETE WITH 6FT. CABLE AND 
13-AMP FUSED PLUG. 

4 sockets 1 3A · . ..... .' 
6 sockets 1 3A ..... . 
4 sockets 1 3A switched 
6 sockets 1 3A switched 

+ Post £1 + VAT 

ALL DISTRIBUTION PANELS ARE FITTED WITH MK SOCKETS & PLUG 

Send for details of complete range 

BECAUSE 
1) Established company trading since 1 9 71 

2) Electronic servicing is our speciality 

3) We have in house programmers/systems analysts 

4) We have our own service engineers 

5) We will demonstrate the PET at your premises 

6) We can customise the PET to your require~en_ts 

7) We can arrange finance 

8K £550 .00 +VAT 
16K £675.00 +VAT 
32K £795 .00 +VAT 

£12.75 
£15.00 
£14.45 
£16.75 

New Large 
Keyboard 'PETS ' 
Now in Stock 

.. .. • • • ~ " 'f .. 

Also 
available: 

• ? 1 1 f 'f'l f' f "'I 'f If 1' 4t 

' t ( Jilt,. !f- 1: .. 'W. y ......._I 
• :r r :f_!_ li' :FS•\!1--------- ~ 

'READY TO USE 

"DISCO 8 \j \::: ~ ~ \:.. \:.. 
~;:;:~ ................... ... 

OLSON E!.£Crn<l><ICS 'TO 
,.. t. e:.a 1~N2 ... 

INSTANT 
TRUNKING! 

8-Channel Disco Unit £~3 
Plus P&P £2+VAT 

TR6- 6 sockets switched 
TR9 - 9 sockets switched 

£21.50 Plus P&P £2+VAT 
£25.50 

Mains Isolating Unit 

The Olson mains 
isolating unit is an es­
sential bench item for 
safety when testing and 
repairing mains­
operated equipment. 
The isolating trans­
former has an earthed 
screen and is rated 
250VA. 

£38 + P&P £2 +VAT 

OLSON ELECTRONICS LTD., FACTORY NO.8, 5-7 LONG ST .. LONDON _E2 SHJ 
TEL. 01-739 2343 

8) We offer, after the three-month warranty, a service contract from 
£69 .50 

9) You benefit from our experience of having sold over 250 
micro-computers to industrial, educational and business, perso­
nal users . . 

We specialise in programs and interfaces for weighing applica­
tions for average weight control and counting, etc . 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

All 'PETS' sold with a Basic Tutorial Tape 
In our showroom we sell 
Books, Programs, etc . 

24K Memory Expansion Boards (disk-compatible), only £320 +VAT 
PET-compatible I dual floppy disk unit with advanced ope(ating system, only £840 +VAT 
Large Extension Keyboard for the PET £89 .50 +VAT 
Telephone for complete system prices : Wide Range of Printers Available 

If you require any more information or demonstration regarding the PET 2001/8 or any associated equipment, programs, etc., please 
contact Mr. P. J. A. Watts or Mr. D. W. Randall at: . 

PETALECT ELECTRONIC SERVICES LTD 
33./ 35 Portugal Road, Waking, Surrey 
Tel. Woking 69032168497 

Shop at: 
PETALECT 
Chertsey Road, Woking, Surrey 
Tel. Woking20727123637 
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1re · 
repa1r 

ANALYSERS 
AIRMEC 248A Wave Analyser 5-300MHz . . . . . . . . . . . £150.00 
AIRMEC 853 Wave Analyser 30KHz-30MHz ......... £95.00 
DYMAR 771 A.F. Wave Analyser 20Hz-50KHz ...... £250.00 
TEKTRONIX 1L20 Spectrum Analyser lOMHz-4.2GHz £1500.00 
WAYNE KERR A.321 Wave Analyser 20Hz-20KHz .. £100.00 
ATIENUATORS 
ADVANCE A.64. 0-70dB 1dB steps 600 ohms ......... £40.00 
MARCONI 1073A 0-100dB 1dB steps 75 ohms ........ £75.4)9 
PHILCO Attenuator 30dB fixed 50 ohms 100 watt . . .. . £25.00 
BRIDGES 
GENERAL RADIO 1607 Transfer Function and Immittance 

Bridge, complete in box . . . . . . . . . . . . . . . . . . . . . . . . . £250.00 
CINTEL 1862 Wide Range Capacitance Bridge . . . . . . . £50.00 
CINTEL 2771 Incremental Inductance Bridge . . . . . . . . £85.00 
SULLIVAN 4 Decade Resistance Box 10, 1, 1110, 11100 £95.00 
WAYNE KERR R.161 Bridge Detector 5-IOOMHz ..... £70.00 
WAYNE KERR B.221A Universal Bridge 01.% ....... £200.00 
WAYNEKERRB.601 R.F. Bridge 1% 15KHz-5MHz .. £195.00 
COUNTERS 
MARCONI TF.1417 + TM.7164 7 Digit 500MHz ..... £195.00 
HEWLETT-PACKARD 5260A 0.3-12.4GHz Frequency Divider 

. . £450.00 

RACAL 835 6 Digit DC-15MHz . . . . . . . . . . . . . . . . . . . . £135.00 
TAKEDA RIKEN 8 Digit 10Hz-500MHz Counter .... £275.00 
METERS · 
ADVANCE VM.78 Millivoltmeter 0.001V-300V 1Hz-1MHz. 

Battery operated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £60.00 
AIRMEC 210 Modulation Meter 2.25MHz-300MHz . . . . £95.00 
AIRMEC 301A R.F. Millivoltmeter 100uV-300V. 100Hz-900MHz 

........... ..... ..... . . .. ... . . ......... ....... £175.00 
AIRMEC 301 R.F. Millivoltmeter 300uV-300V 100Hz-900MHz 

....... ' ... .. ..... ................... ... ...... .. £125.00 
RACAL/ AIRMEC 314A Electronic Voltmeter ....... £175.00 
AIRMEC 319 U.H.F. Wattmeter 10-300mW 1MHz-1.4GHz .. 

..... .... .. ..... .. .. .... . ... .... . ....... ......... £95.00 
AVO Precision A vometer . . . . . . . . . . . . . . . . . . . . . . . . . £160.00 
DYMAR 711 Microvoltmeter VHF 300uV -3V 50KHz-850MHz 

£175.00 
DYMAR 761 Noise Factor Meter 1-220MHz ......... £100.00 
HEWLETT-PACKARD 409H V.T. Voltmeter 10Hz-4MHz. 

1mV-300V . . ...... .. .... .. .. .. . .... .. ...... . ... £150.00 
MARCONI 791D Carrier Deviation Meter 4MHz-1GHz £225.00 
MARCONI TF.l020A/1 R.F. Power Meter 0-100 watt 50 ohms 

. £100.00 
MARCONI TF.l152 R.F. Power Meter 0-25 watts 75 ohms 

£65.00 
MARCONI TF.1245/ 1247 Magnification Meter and Oscillator 

20-300Miiz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £500.00 
MARCONI TF.2600 SensitiveValve Voltmeter 1mV-300V 1% to 

500 KH:z .................. . ........ . ........ .. £135.00 
MARCONI TF.2604 Electronic Voltmeter . ... . ... . . . £250.00 

·MUIRHEAD D-729-BM Phase Meter 0.25Hz-lOKHz .. £175.00 
RADIOMETER BKF.6. Distortion Meter 20Hz-20KHz Distor-

tion 20Hz-200KHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £250.00 
OSCHLOSCOPES 
HEWLEIT-PACKARD 130C X-Y-T DC-500KHz 200uV /em 

£275.00 
, SCOPEX 40-25 Dual Beam 25MHz 10m V I em, NEW . £360.00 
SCOPEX4D-10BDualBeam 10MHz 10mV/cm, NEW £210.~ 

·TEKTRONIX 535A Dual Beam DC-15MHz Sweep Delay M~m 
-l Frame only . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £200.00 

·MARTIN ASSOC.i_ATES 
34 Crown Street 
Reading 

. Berks. RG 1 2SE 
;Tel. Readi 

You11 do Jietter -at Martin Associates~ 
; -->;_ · . . we QL!!fl'antee it' . _' 

.TEKTRONIX 549 Storage Scope DC-30MHz c/w 1Al Plug in 
£850.00 

TELFORD A Oscilloscope Camera Polaroid . . . . . . . . . £150.00 
TEKTRONIX 545B + CA Dual Beam DC-33MHz . . . . £350.00 
TEKTRONIX 545B + 1A1 Dual Beam DC-33MHz . ... £400.00 
TEKTRONIX Plug Ins E, L, M, R, 1A6, 1A1, CA, 81, 82 

From £75.00 
TEKTRONIX Probes Various P.6056, P6057 , P.6108, P6105, 

P.6075A, P.6045, P6028 ... .... .. . . . . ........ From £12.00 
SOIARTRON CD.1183 Dual Beam DC-lOMHz .... .. £125.00 
POWER SUPPLY UNITS 
ADVANCE CVT.250W 500W ..... . .... ..... .. From £45.00 
ADVANCEDC.302 P.S.U. 5V. 7A .................. £25.00 
ADVANCE PM.12 P.S.U. 30-50V lOA ........... . .... £25.00 
ADVANCE PP3 P.S.U. 0-30V lA Twin ............... £85.00 
A.P.T. TCU.250 0-50V 2A .......................... £95.00 
BELIX TSS.86 0-30V 3A Rack Mounted ....... ...... . £50.00 
ROBAND C.128 Convertor liP 200-250V 50Hz 0/P 115V-400Hz 

Solid State lOOV A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £125.00 
ROBANDT.111 P.S.U. 0-50V 5A .................... £80.00 
VAREXP.S.U.0-60V lA .......................... £125.00 
FARNELL L.30 0-50V 2A . .. . . . . . . . . . . . . . . . . . . . . . . . £75.00 
SIGNAL SOURCES . 
ADVANCE JIB Oscillator 15Hz-50KHz 0/P 1 Watt 600/5 ohms 

£45.00 
AIRMEC 252 Signal Generator 30Hz-300KHz ole 15V . £85.00 
AIRMEC 365AVHF. AM/FM 1-320MHz 0/P 2uV-220mV 

. £750.00 
~EWLETT-PACKARD 608D Signal Generator 10-420MHz 50 

ohms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £350.00 
.GENERAL RADIO 1209C Oscillator Unit 250-960MHz £75.00 
MARCONI TF.144H/4 Signal Generator 10KHz-72MHz £470.00 
MARCONI TF.995A/5 Signal Generator AM/FM 1.5MHz-

220Miiz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £600.00 
;MARCONI TF.1066B/6 Signal Generator AM/FM 10MHz-
i 470MHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. £600.00 
MARCONI TF.1099 Sweep Generator 0-24MHz .. ... £150.00 
MARCONI TF.l370A R.C. Oscillator 10Hz-10MHz, 10Hz-

100KHz Square Wave .......................... £150.00 
MUIRHEAD D-650-B 1-111, 100 . ... . .. .. ........... £130.00 
RHODE & SCHWARZ SWF Sweep Generator 5MHz-225MHz 

. . £185.00 

RHODE & SCHWARZ SWH Sweep Generator 50KHz-12MHz 
£195.00 

SIEMENS Level Oscillator /Meter 1 OKHz-17MHz . . . . £200.00 
FARNELL LM.2 Oscillator Square/Sine IOHz-lMHz . . £75.00 

RECORDERS o 

KENT MK. III 12 pt Resistance Thermometer 0-120 C £100.00 
ADVANCE (Clevite) 260 6 pen Chart Recorder ..... £1200.00 
HEWLEIT-PACKARD (Mosley) 2D X-Y-T Recorder £200.00 
HEWLEIT-PACKARD 7035B X-Y Plotter .......... £500.00 
HONEYWELL 1706 6 Channel U /V Chart Recorder 4 Galvos 

Miscrii:.\NF:ous ........... ... ... ... .... .. .. ... . £350.00 

AVO TT.164 Circuit Transistor Tester . . .... .. ... .. . . £80.00 
Cawkell FU.4. Variable Band Pass Filter ............ £~50.00 
MOD Insulation Tester AC/DC 1-5KV .. .. . ........ . £50.00 
LIGHT LAB 361D Analogue Thermometer -70°C-·IOooc 6 

channellO Probes .... ........ .. ........ .... ..... £65.00 
RHODE & SCHWARZ SWOB Polyskop 0.5-400MHz . £450.00 
KULLICKE & SOFF A 472 Gold Ball Bonder .. ... .. .. £250.00 
GRIFFIN Oven Amb-100°C . . ........ . .. . . .. ..... .. £60.00 
AVO CZ.457 /6 Component Comparator 1KHz .. .... £250.00 
ADL.270/6BR Analogue Limit Detector . . . . . . . . . . . . . £250.00 
MICROWAVE 
MARCONI 6458 Signal Source 

4-12GHz. Solid State £450.00 
MARCONI 6004/4 Mixer 7-

10GHz . . . . . . . . . . . . . . £30.00 
MARCONI XT15/16 Trans­

fanner . . . . . . . . . . . . . . £15.00 
HEWLETT-PACKARD J347A, 

J910A, J281A Noise Source, 
Terminator, Adaptor 5.3-
8.2GHz ....... .. .' . . £100.00 
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Quantum Ele.ctronics 
THE LATEST AND BEST SOURCE 
OF SUPERFI AUDIO EQUIPMENT 

Although we may be a new name to you, our products use refinements of circuitry which 
has been well proven over the past few years. By redesigning to what we consider the 
opt1mum cost/performance /appearance breakpoint we can now offer the best sound per 
pound that you will find anywhere. In addition to the items below we can supply ready 
built power amps, with active crossovers if requ1red , in a variety of options including 
custom designed and f1nished metalwork in small (5+) or large quantities. If you do not 
see what you want please enquire. 

'STATE OF THE ART' PRE-AMP . 
Undoubtedly the best pre-amp on the market, 
it is supplied ready built, not • kit, and caters 
for disc, aux and 2 or 3-head tape machme. 
The built-m supply regulators require only 
rough de, available from all our power amps or 

. the matching mains supply kit, CSI. The 
performance is almost perfect, with virtually 
zero thd (< .002%, 1kHz), zero common 
mode distortion, fast slewing , high overload 
(40dB) and low noise (70dB mag) . It is 
llttrllctively finished 10 black and is also 
available in a special version to cater for 
moving-coil cartridges. 

c1 (mag). 
Clmc (m-coil) : 

£67.85 
£73.10 

CSI (mains supply kit): £10.13 
Module (trade and export only): £47.25, £51.60 (m-coil) 

Mono 1 x 55W/80, BOW/40 
. . . . .... . £67.81 

P2: Stereo 2 x 45W/80, 65W/40 
. . . . . . . . . . . . . . £79.35 

P3. Mono 1 x 130W I 80 . £83.32 
P4: Stereo 2x110W/80 . £99.48 
P5 . Mono 1 x 150W/80. 260W/ 

30 . . . . . .. £103.24 
P6 Mono 1 x 250W/80 £112.35 
Also available ready built POA 

Styled and finished to match the Cl, they are 
supplied with ready built and tested pcbs and 
requ1re only s1mple assembly and point-to­
point wiring of power transistors, supply, etc . 
In this way the possibility of errors and 
subsequent damage is drastically reduced. The 
performance, again, is second to none in this 
magazine, with ultra low thd <.005%, 1 k, 
lOW) and fast slewmg contributmg to the1r 
established exceptional subjective qualities. 

'SLAVE TRAY' & RACK MOUNTING KITS 

ST1 . Mono 1 x 55W/80, BOW / 40 
. . . . . . . . . . . £49.45 

ST2 . Stereo 2 x 45W/80, 65W /40 
. . . . . . . . . . £65.55 

ST3· Mono 1 x 130W/80 £63.94 
ST4. Stereo2x110W / 80 £93.61 
ST5 · Mono 1 x 150W/80 , 260W/ 

30 . . . . . . . . . . . £79.74 
ST6 . Mono 1x250W/80 £88.25 
Plam l1d £4.23 
Black lid ... £7.68 

RACK MOUNTING KIT: 
Slave tray (state which) plus £15.41 
Also avai lable ready-built ... POA 

These kits are designed to cope with sustained 
h1gh level use, for which the domestic kits are 
not su1table . The same high performance 
circuitry is used with the power transistors 
mounted on substantial external heatsinks . 
The " slave tray" is the bare bones of a power 
amp and comprises a simple plain finished 
chass1s. tested amp pcbs and transistors 
heatsinks and power supply . No specifi~ 
connectors are supplied to allow flexibility of 
application. You can mount the slave tray in 
your cabmet or use our plain or black Tid to 
achieve a match w1th our pre-amp. The slave 
tray forms the basis for the rack mounting kits 
wh1ch add a black lid and heavy guage 3 Y2 ms 
black front . Low field toroidal transformers are 
used and there is spare room for extra circUitry 
if required . We stock a range of connectors for 
your conve~1ence . 

MODULES: UP TO 250W r .m.s. 
These modules are available in a variety of powers and 
forms (mcludmg L bracket mounting) to trade and export 
customers only. They come ready bu1lt and tested and 
use the same proven c1rcu1try as the othe r< amps in our 
range and set an unsurpassed standard of performance 
and reliability . We also have power supplies for use with 
these: Ple.ase contact us for prices with competitive 
quantity d1scounts. The module illustrated is a med1um 
~uty 2~0W rms type using 4 of the latest Japanese 

super power trans1stors. 

EXP()RT: IJI!e can deal effic1ently with orders to any country. Please write with your 
spec1f1c reqUirements for a quote by return. All power amps can be wired for 11 Ov mains. 
INFORMATION: Before ordermg any of these or competitors' products, why not send 
for our detailed mformat1on? large SAE or dollar bill please . -
All pnces shown are mclus1ve and all power ratings are real RMS watts, unlike the phoney 
ratmgs of many modules Although we try to deal w1th orders promptly , please allow 28 
days to avo1d d1sappo1ntment. Large orders please phone for delivery date . 
DISTRIBUTORS: We are eager to establish distributors throughout the world and invite 
enqu1nes from Interested part1es . 
s .ERV,ICING: We offer an after-sales service, with fixed maximum charges for all our 
kitS \ ' 

1A STAMFORD STREET, LEICESTER LE1 6NL 
Tel: 546198 

USA: OX DISCO, BOX 123, CLAYMONT, DE 19703 
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25 Brunswick . L1 OBJ <- .. ,, 
Tel 051 ·236 0707(Mail0rdef)051·227 2535(AIIotherDepts) · 

WW-076 FOR FURTHER DETAILS 
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· hnniediate de~ Of 
easy to fit Display Bezels 

Supplied complete with lens and all fixings ' 
plus compatible display mounting boards. 

Further information on 
instant dispatch from:· 

) 

VfROSPffD 
Barton Park Industrial Estate, 
Eastleigh, tiampshire S05 5RR 
Tel: (0703) 618525 

WW- 051 FOR FURTHER DETAILS 

QUALITY REEL TO 
·REEL & CASSETTE TAPE HEADS+ MECHANISMS 

REMOTE OPERATION TAPE 
TRANSPORT MECHANISM 

FOR DIGITAL OR AUDIO. 

THIS BRITISH MADE CASSETTE 
TRANSPORT HAS GIVEN 

INDUSTIW A GREAT COST 
SAVINGS OVER 
COMPARABLE FOREIGN 

IMPORTS AND IS NOW BEING 
MADE GENERALLY AVAILABLE. 

CAN BE SUPPLIED WITH TAPE FAIL/ 
END DETECTION, SEARCH, AND FAST 
ERASE. SOLENOID CONTROL PROVIDES 

FULLY REMOTE OPERATION . 

WRITE NOW FOR FULL DETAILS 
BASIC PRICE £60.30 INC. VAT. 

.POPULAR UNIVERSAL CASSETTE TAPE HEADS 
812-01 Mono Playback ..................... £1.89 
812-02 Mono Record/Playback ......... £4.02 
824-01 Stereo Playback ..................... £3.30 
824-02 Stereo Record/Pibk ............... £6.66 
824-07 Stereo R/P, (Dolby Stsm) ...... £7.87 
C42RPH20 Stereo SEN DUST R/P .... £9.28 
C42RP1 ES01 Stereo combined 

R/P + Erase. .............. £1 0.93 

C42RPH04 Stereo GLASS FERRITE R/P .... £11.60 
C42RPS18 Stereo TWIN GAP R+P ............... £25.21 
E12-09 Mono/stereo erase ............................ £ 1.85 
822-02 Twin Y, track R/P .. ..................... ..... £ 5.97 
C44RPH03 Quad Y. track R/P ............ .... ....... £13.17 
C44RP2ESD1 Quad'!. track combined 

R/P + Erase ............................ £26.45 
· C22ESD2 Twin half track erase .................... £ 4. 72 

WW - 008 FOR FURTHER DETAILS 

Ftts snuglv 
m the hand. 

£17.55 
inc. VAT 

With the famous P1 and P2 
drills now firmly established, 

A new addition to 
a great range of 
precision tools. 

31 

Precision Petite have now produced 
the P3 hand drill with UNIVERSAL 
CHUCK so that all the accessories 
associated with the P1 & 2 can be 
quickly interchanged ·w ithout 
changir.g the chuck. This will save 
considerably on the time factor where absolute accuracy is not highly 
essential. 'Employs the same motor and has the same characteristics 
as the P2 drill without removeable head, and fits the 52 Drill Stand. 
Send for details of this reliable and robust new drill and accessories 
now and save yourself those valuable moments. SAE please. 

S2 DRill STAND 

See it at CRAFT IN ACTION EXHIBITION 
Royal Agricuhural New Hall 
Nov._13·16 inc. 

will accept P1, P2 
and P3 drills . 

£17.96 
inc. VAT 

WW-036 FOR FURTHER DETAILS 
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Quantum Ele.ctronics 
THE LATEST AND BEST SOURCE 
OF SUPERFI AUDIO EQUIPMENT 

Although we may be a new name to you, our products use refinements of circuitry which 
has been well proven over the past few years. By redesigning to what we consider the 
opt1mum cost/performance /appearance breakpoint we can now offer the best sound per 
pound that you will find anywhere. In addition to the items below we can supply ready 
built power amps, with active crossovers if requ1red , in a variety of options including 
custom designed and f1nished metalwork in small (5+) or large quantities. If you do not 
see what you want please enquire. 

'STATE OF THE ART' PRE-AMP . 
Undoubtedly the best pre-amp on the market, 
it is supplied ready built, not • kit, and caters 
for disc, aux and 2 or 3-head tape machme. 
The built-m supply regulators require only 
rough de, available from all our power amps or 

. the matching mains supply kit, CSI. The 
performance is almost perfect, with virtually 
zero thd (< .002%, 1kHz), zero common 
mode distortion, fast slewing , high overload 
(40dB) and low noise (70dB mag) . It is 
llttrllctively finished 10 black and is also 
available in a special version to cater for 
moving-coil cartridges. 

c1 (mag). 
Clmc (m-coil) : 

£67.85 
£73.10 

CSI (mains supply kit): £10.13 
Module (trade and export only): £47.25, £51.60 (m-coil) 

Mono 1 x 55W/80, BOW/40 
. . . . .... . £67.81 

P2: Stereo 2 x 45W/80, 65W/40 
. . . . . . . . . . . . . . £79.35 

P3. Mono 1 x 130W I 80 . £83.32 
P4: Stereo 2x110W/80 . £99.48 
P5 . Mono 1 x 150W/80. 260W/ 

30 . . . . . .. £103.24 
P6 Mono 1 x 250W/80 £112.35 
Also available ready built POA 

Styled and finished to match the Cl, they are 
supplied with ready built and tested pcbs and 
requ1re only s1mple assembly and point-to­
point wiring of power transistors, supply, etc . 
In this way the possibility of errors and 
subsequent damage is drastically reduced. The 
performance, again, is second to none in this 
magazine, with ultra low thd <.005%, 1 k, 
lOW) and fast slewmg contributmg to the1r 
established exceptional subjective qualities. 

'SLAVE TRAY' & RACK MOUNTING KITS 

ST1 . Mono 1 x 55W/80, BOW / 40 
. . . . . . . . . . . £49.45 

ST2 . Stereo 2 x 45W/80, 65W /40 
. . . . . . . . . . £65.55 

ST3· Mono 1 x 130W/80 £63.94 
ST4. Stereo2x110W / 80 £93.61 
ST5 · Mono 1 x 150W/80 , 260W/ 

30 . . . . . . . . . . . £79.74 
ST6 . Mono 1x250W/80 £88.25 
Plam l1d £4.23 
Black lid ... £7.68 

RACK MOUNTING KIT: 
Slave tray (state which) plus £15.41 
Also avai lable ready-built ... POA 

These kits are designed to cope with sustained 
h1gh level use, for which the domestic kits are 
not su1table . The same high performance 
circuitry is used with the power transistors 
mounted on substantial external heatsinks . 
The " slave tray" is the bare bones of a power 
amp and comprises a simple plain finished 
chass1s. tested amp pcbs and transistors 
heatsinks and power supply . No specifi~ 
connectors are supplied to allow flexibility of 
application. You can mount the slave tray in 
your cabmet or use our plain or black Tid to 
achieve a match w1th our pre-amp. The slave 
tray forms the basis for the rack mounting kits 
wh1ch add a black lid and heavy guage 3 Y2 ms 
black front . Low field toroidal transformers are 
used and there is spare room for extra circUitry 
if required . We stock a range of connectors for 
your conve~1ence . 

MODULES: UP TO 250W r .m.s. 
These modules are available in a variety of powers and 
forms (mcludmg L bracket mounting) to trade and export 
customers only. They come ready bu1lt and tested and 
use the same proven c1rcu1try as the othe r< amps in our 
range and set an unsurpassed standard of performance 
and reliability . We also have power supplies for use with 
these: Ple.ase contact us for prices with competitive 
quantity d1scounts. The module illustrated is a med1um 
~uty 2~0W rms type using 4 of the latest Japanese 

super power trans1stors. 

EXP()RT: IJI!e can deal effic1ently with orders to any country. Please write with your 
spec1f1c reqUirements for a quote by return. All power amps can be wired for 11 Ov mains. 
INFORMATION: Before ordermg any of these or competitors' products, why not send 
for our detailed mformat1on? large SAE or dollar bill please . -
All pnces shown are mclus1ve and all power ratings are real RMS watts, unlike the phoney 
ratmgs of many modules Although we try to deal w1th orders promptly , please allow 28 
days to avo1d d1sappo1ntment. Large orders please phone for delivery date . 
DISTRIBUTORS: We are eager to establish distributors throughout the world and invite 
enqu1nes from Interested part1es . 
s .ERV,ICING: We offer an after-sales service, with fixed maximum charges for all our 
kitS \ ' 

1A STAMFORD STREET, LEICESTER LE1 6NL 
Tel: 546198 

USA: OX DISCO, BOX 123, CLAYMONT, DE 19703 

WIRELESS WORLD, OCTOBER 1979 

25 Brunswick . L1 OBJ <- .. ,, 
Tel 051 ·236 0707(Mail0rdef)051·227 2535(AIIotherDepts) · 

WW-076 FOR FURTHER DETAILS 
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· hnniediate de~ Of 
easy to fit Display Bezels 

Supplied complete with lens and all fixings ' 
plus compatible display mounting boards. 

Further information on 
instant dispatch from:· 

) 

VfROSPffD 
Barton Park Industrial Estate, 
Eastleigh, tiampshire S05 5RR 
Tel: (0703) 618525 

WW- 051 FOR FURTHER DETAILS 

QUALITY REEL TO 
·REEL & CASSETTE TAPE HEADS+ MECHANISMS 

REMOTE OPERATION TAPE 
TRANSPORT MECHANISM 

FOR DIGITAL OR AUDIO. 

THIS BRITISH MADE CASSETTE 
TRANSPORT HAS GIVEN 

INDUSTIW A GREAT COST 
SAVINGS OVER 
COMPARABLE FOREIGN 

IMPORTS AND IS NOW BEING 
MADE GENERALLY AVAILABLE. 

CAN BE SUPPLIED WITH TAPE FAIL/ 
END DETECTION, SEARCH, AND FAST 
ERASE. SOLENOID CONTROL PROVIDES 

FULLY REMOTE OPERATION . 

WRITE NOW FOR FULL DETAILS 
BASIC PRICE £60.30 INC. VAT. 

.POPULAR UNIVERSAL CASSETTE TAPE HEADS 
812-01 Mono Playback ..................... £1.89 
812-02 Mono Record/Playback ......... £4.02 
824-01 Stereo Playback ..................... £3.30 
824-02 Stereo Record/Pibk ............... £6.66 
824-07 Stereo R/P, (Dolby Stsm) ...... £7.87 
C42RPH20 Stereo SEN DUST R/P .... £9.28 
C42RP1 ES01 Stereo combined 

R/P + Erase. .............. £1 0.93 

C42RPH04 Stereo GLASS FERRITE R/P .... £11.60 
C42RPS18 Stereo TWIN GAP R+P ............... £25.21 
E12-09 Mono/stereo erase ............................ £ 1.85 
822-02 Twin Y, track R/P .. ..................... ..... £ 5.97 
C44RPH03 Quad Y. track R/P ............ .... ....... £13.17 
C44RP2ESD1 Quad'!. track combined 

R/P + Erase ............................ £26.45 
· C22ESD2 Twin half track erase .................... £ 4. 72 

WW - 008 FOR FURTHER DETAILS 

Ftts snuglv 
m the hand. 

£17.55 
inc. VAT 

With the famous P1 and P2 
drills now firmly established, 

A new addition to 
a great range of 
precision tools. 

31 

Precision Petite have now produced 
the P3 hand drill with UNIVERSAL 
CHUCK so that all the accessories 
associated with the P1 & 2 can be 
quickly interchanged ·w ithout 
changir.g the chuck. This will save 
considerably on the time factor where absolute accuracy is not highly 
essential. 'Employs the same motor and has the same characteristics 
as the P2 drill without removeable head, and fits the 52 Drill Stand. 
Send for details of this reliable and robust new drill and accessories 
now and save yourself those valuable moments. SAE please. 

S2 DRill STAND 

See it at CRAFT IN ACTION EXHIBITION 
Royal Agricuhural New Hall 
Nov._13·16 inc. 

will accept P1, P2 
and P3 drills . 

£17.96 
inc. VAT 

WW-036 FOR FURTHER DETAILS 



32 

m Elapsed Time Indicators 

./t"':\_ Symbol tor Elapsed Time Indicator approved 

~ by the Brl(lsh Standards Institution. · 
-MERCRON l!lr 

TYPE 203 flf ~ 
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your 
.time 
IS Up! 
And with an Elapsed Time Indicator 
(ETI) you'll know exactly when. 

An ETI is a small electrochemical 
device that shows accumulated hours 
of operation of electrical or 
electronic equipment Tell ing you 
exactly when equipment maintenance 
is due 

An ETI can also be .used as a 
visible current integratar 

An inexpensive range of reversible 
or expendable types is available . 
with full scale readings from 
100 to 10.000 hours. 

WK Electronics Limited 
40a Napier Road . Bromley, Kent BR2 9JA 
Telephone 01-460 9861. Telex 896071 . 

WW- 010 FOR FURTHER DETAILS 

GfJPS-1 
(§lPPLE II .. £810 

DISC DRIVE WITH CONTROLLER £425.00 

For education, industry, research and all professional uses, 

including hardware and software development, low cost 
OEM Systems, teaching applications etc. 

* Mainframe with front panel 

t========================:tl * 30 Amp 8v power supply 

* 20 slot motherboard with active termination and 

GJVORTH 8TAR 
'HORIZON 

shielding between bus lines 
* Guaranteed operation at 4MHz 

Price with 4MHz Z80 CPU Board . . £ 695 

HRZ-2-32 32K +DUAL DISK DRIVE 
HRZ-1-16 1 6K +SINGLE DISK DRIVE 

Please send for details of the full range of Ithaca Intersys 
SlOO ucts. 

CP/M FOR HORIZON . . 
.PASCAL FOR HORIZQN . 

£1480 
£1135 

£ 115 
£ 70 

SORCERER 

~======~~==~~~==============~ITELETYPE43 
r ANADEX 

HEAD OFFICE & MAILORDER: 
40 Bartholomew Street, Newbury, Berks. 
Tel: 0635- 30505 Telex: 848507 NCS 
NORTHERN SHOWROOM: 
220-222 Stockport Road, Cheadle Heath, Stockport. 
Tel: 061-491 2290 

BDBO . 

TERMS 
Official Orders Welcome. 
Please add 15% VAT on all prices. 
Barclaycard and Access Welcome. 

from 

From £875 
£575 
£595 

Send or Phone (0635-30505) for Catalogue and Booklist. 

WW-073 FOR FURTHER DETAILS 

we Wondered why ... ~-
Thu B. B. C., Bnvsh Rail, B.A. C., Decca Acoustics, Institute of Sound and Vibratior Research, I. C. L ., Po~:"t Ofl1ce 

Tl.'lecommum cauons, Phlfips R~s~a rch . UK. Atom'c Energy Authori ty, and many Un i versities were among ou r 

customers . 

J.P.S. 60 60 'Watt 

J. P.S. 100 : 100 Watt . 

J. P.S. 150 : 150Watt. 
Maybe they tikP.d the compe(I{ IVY p nces of our modu!P. .~ , or the fact that all modules have a frequency 

response from 20Hz to 22kH? -· 0 .2dB, r1 slf'w1ng rate of 8 volts p;.y microsecond, inf)ut sensitivity of OdB f0.775VJ. 

a dampmg f.1Ctor 9"eawr than 400 to 1k Hz .1ud a tota l harm omc d1stort10n less than 0.055o,O at 1kHz. 

Or could 1t bn that thPy w 1m r for tho r t->f1ab !/1ty and th1! cnmnrP.hensi vP. protection Clfcuitry. Then the r ~ ~ 

rht! full 2 yr.>ar gu<Jr<.ul(r'l ' wh1ch .tr.c:nrnpa n /I!S our rrm.QP of modu/P.s. 

OR PERHAPS .... .... THEY JUST LIKED . THE SOUNO OF US' 

Po wer suppl1es available to suit all modu les . Send fo r 

fu rther mformation on our range of p re -a m pl ifier 

modul es . JPS p roduc ts are no w stocked at the d1st 

r11Jut o rs shown below F ur t 1'1er rn fo r ma t ron o n al l 

proUu cts avai lab le d rrect f rom JPS ·Assoc1atcs u ~ 

J.P .S. ASSOCIATES 

(ASTONKI LN L TO.) 

BELMONT HOUSE 

STEELE ROAD 

PARK ROYAL 

LONDON NW10 7AR 

Tel : 01 -961 1274/ 5 

ElBA.,, IIIIIMdl 

CIIOXRIIID CUSTDM EQUIP. 

&4LW1don.._d 
~ 
TII.053S-..5 
... Phi Croxford 

v1a read e r re r ly seJv1ce 

All mod u l e~ cu e m ade 1n th e Un1 ted Kmgd om 

EIMUND, West 

SEYERNSIDE AUIIID & L T6 
2! Till! ,__.., 

Gloucester 11oM! 
llristoiiS71fZ 
Tei.D2n41•& 
... l'l!lerH-J 

SlaA.,, South 

II.E.W. AUIIII IISUAL 
. 12&~gCrossllold 

London 
111:2 
Tel OI..U. Z3n 
... John Co-

WW- 031 FOR FURTHER DETAILS 

SCOTUNO 

A-r.osPHERE LTG & SOUND 
57111111onStreet 
Allerdeen 
Sc:oland 
Tel. 0224 572S05 
... Kellllllaln 

FIIAII:E 

IIUSIQUE & SON 
lllesWencelleJ.Enoct 

. 35210, CIIICIII, Fr-=e . 
TII.(.)Hfi1n 
... YvesJaniols 

WIRELESS WORLD. OCTOBER 1979 

ELECTRONIC 
IN.DUSTRIAL THERMOMETER 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thermometer designed to operate,.as an Electronic Test Meter. Will 

measure temperature of Air. Metals. Liquids. Machinery. etc .. etc 

,Just plug-i~ the Probe._ and rea~ the temperature on ~he larru!~e! 

·scale-meter. Supplied w1th carrymg case, Probe and mternal 1 Y2. 

' volt standard_si.:ze ba.tteJy._ .. . .. 7
"" c Price £30 00· 

Model "Mini-Z 1" measures from-40" C to + u • • 

'Model "Mini-Z 2" measures trom-5° c to +_ 105° C Price £30.00 

iModel "M_itli-Z Hi" m~res from ·+ 1 00" C to 501r C E33.CIG 
-. . .. . fVAT 15% EXTRA) 

Write' tor turtlier 'if6taTis to · 

HARRIS ELECTRONICS (LONI)ON)_ 
1:38 GRAY'S INN ROAD, LONDON; WC1X-HAX 

(Phone Ol-'837 7937-) 

WW- 02.9 FOR FURTHER DETAILS 

. THRUUNE®WAITMfTER 
0.45-2300 MHz/0.1-10,000watts 

The Standard of the Industry 
What more need we say ... 

Exclusive UK representative 

·aspen electronics limited 

2-KU.])ARE CLOSE. EASTCOTE. MIDDX. HA4 9UR 
TE_LEPHONE: 01-868 1188- TELEX 8812727 

The FM/ AM 1000s with 
Spectrum Analyser 
A portable commu~ications service 
monitor from IFR, l1ght enough to 
carry anywhere and good enough f 
most two-way radio system tests. 
The FM/AM 1000s can do the work 
of a spectrum analyser, oscilloscope, 
tone generator, deviation meter, 
modulation meter, signal generator, 
wattmeter, voltmeter, frequency 
error meter-and up to five service 
engineers who could be doing 
something else! 

For further information contact 
Mike Taylor 

F·leldlech ~~~~~~~~ ~f~port London Hounslow 
TW6 3AF 

L.:::=:=-=----------, Tel: 01-759 2811 
Telex: 23734 

IFRprecisionsimulators FLDTEc G • 

WW -045 FOR FURTHER DETAILS 
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./t"':\_ Symbol tor Elapsed Time Indicator approved 
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-MERCRON l!lr 

TYPE 203 flf ~ 

WIRELESS WORLD, OCTOBER 1979 

your 
.time 
IS Up! 
And with an Elapsed Time Indicator 
(ETI) you'll know exactly when. 

An ETI is a small electrochemical 
device that shows accumulated hours 
of operation of electrical or 
electronic equipment Tell ing you 
exactly when equipment maintenance 
is due 

An ETI can also be .used as a 
visible current integratar 

An inexpensive range of reversible 
or expendable types is available . 
with full scale readings from 
100 to 10.000 hours. 

WK Electronics Limited 
40a Napier Road . Bromley, Kent BR2 9JA 
Telephone 01-460 9861. Telex 896071 . 

WW- 010 FOR FURTHER DETAILS 

GfJPS-1 
(§lPPLE II .. £810 

DISC DRIVE WITH CONTROLLER £425.00 

For education, industry, research and all professional uses, 

including hardware and software development, low cost 
OEM Systems, teaching applications etc. 

* Mainframe with front panel 

t========================:tl * 30 Amp 8v power supply 

* 20 slot motherboard with active termination and 

GJVORTH 8TAR 
'HORIZON 

shielding between bus lines 
* Guaranteed operation at 4MHz 

Price with 4MHz Z80 CPU Board . . £ 695 

HRZ-2-32 32K +DUAL DISK DRIVE 
HRZ-1-16 1 6K +SINGLE DISK DRIVE 

Please send for details of the full range of Ithaca Intersys 
SlOO ucts. 

CP/M FOR HORIZON . . 
.PASCAL FOR HORIZQN . 

£1480 
£1135 

£ 115 
£ 70 

SORCERER 

~======~~==~~~==============~ITELETYPE43 
r ANADEX 

HEAD OFFICE & MAILORDER: 
40 Bartholomew Street, Newbury, Berks. 
Tel: 0635- 30505 Telex: 848507 NCS 
NORTHERN SHOWROOM: 
220-222 Stockport Road, Cheadle Heath, Stockport. 
Tel: 061-491 2290 

BDBO . 

TERMS 
Official Orders Welcome. 
Please add 15% VAT on all prices. 
Barclaycard and Access Welcome. 

from 

From £875 
£575 
£595 

Send or Phone (0635-30505) for Catalogue and Booklist. 

WW-073 FOR FURTHER DETAILS 

we Wondered why ... ~-
Thu B. B. C., Bnvsh Rail, B.A. C., Decca Acoustics, Institute of Sound and Vibratior Research, I. C. L ., Po~:"t Ofl1ce 

Tl.'lecommum cauons, Phlfips R~s~a rch . UK. Atom'c Energy Authori ty, and many Un i versities were among ou r 

customers . 

J.P.S. 60 60 'Watt 

J. P.S. 100 : 100 Watt . 

J. P.S. 150 : 150Watt. 
Maybe they tikP.d the compe(I{ IVY p nces of our modu!P. .~ , or the fact that all modules have a frequency 

response from 20Hz to 22kH? -· 0 .2dB, r1 slf'w1ng rate of 8 volts p;.y microsecond, inf)ut sensitivity of OdB f0.775VJ. 

a dampmg f.1Ctor 9"eawr than 400 to 1k Hz .1ud a tota l harm omc d1stort10n less than 0.055o,O at 1kHz. 

Or could 1t bn that thPy w 1m r for tho r t->f1ab !/1ty and th1! cnmnrP.hensi vP. protection Clfcuitry. Then the r ~ ~ 

rht! full 2 yr.>ar gu<Jr<.ul(r'l ' wh1ch .tr.c:nrnpa n /I!S our rrm.QP of modu/P.s. 

OR PERHAPS .... .... THEY JUST LIKED . THE SOUNO OF US' 

Po wer suppl1es available to suit all modu les . Send fo r 

fu rther mformation on our range of p re -a m pl ifier 

modul es . JPS p roduc ts are no w stocked at the d1st 

r11Jut o rs shown below F ur t 1'1er rn fo r ma t ron o n al l 

proUu cts avai lab le d rrect f rom JPS ·Assoc1atcs u ~ 

J.P .S. ASSOCIATES 

(ASTONKI LN L TO.) 

BELMONT HOUSE 

STEELE ROAD 

PARK ROYAL 

LONDON NW10 7AR 

Tel : 01 -961 1274/ 5 

ElBA.,, IIIIIMdl 

CIIOXRIIID CUSTDM EQUIP. 

&4LW1don.._d 
~ 
TII.053S-..5 
... Phi Croxford 

v1a read e r re r ly seJv1ce 

All mod u l e~ cu e m ade 1n th e Un1 ted Kmgd om 

EIMUND, West 

SEYERNSIDE AUIIID & L T6 
2! Till! ,__.., 

Gloucester 11oM! 
llristoiiS71fZ 
Tei.D2n41•& 
... l'l!lerH-J 

SlaA.,, South 

II.E.W. AUIIII IISUAL 
. 12&~gCrossllold 

London 
111:2 
Tel OI..U. Z3n 
... John Co-

WW- 031 FOR FURTHER DETAILS 

SCOTUNO 

A-r.osPHERE LTG & SOUND 
57111111onStreet 
Allerdeen 
Sc:oland 
Tel. 0224 572S05 
... Kellllllaln 

FIIAII:E 

IIUSIQUE & SON 
lllesWencelleJ.Enoct 

. 35210, CIIICIII, Fr-=e . 
TII.(.)Hfi1n 
... YvesJaniols 

WIRELESS WORLD. OCTOBER 1979 

ELECTRONIC 
IN.DUSTRIAL THERMOMETER 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thermometer designed to operate,.as an Electronic Test Meter. Will 

measure temperature of Air. Metals. Liquids. Machinery. etc .. etc 

,Just plug-i~ the Probe._ and rea~ the temperature on ~he larru!~e! 

·scale-meter. Supplied w1th carrymg case, Probe and mternal 1 Y2. 

' volt standard_si.:ze ba.tteJy._ .. . .. 7
"" c Price £30 00· 

Model "Mini-Z 1" measures from-40" C to + u • • 

'Model "Mini-Z 2" measures trom-5° c to +_ 105° C Price £30.00 

iModel "M_itli-Z Hi" m~res from ·+ 1 00" C to 501r C E33.CIG 
-. . .. . fVAT 15% EXTRA) 

Write' tor turtlier 'if6taTis to · 

HARRIS ELECTRONICS (LONI)ON)_ 
1:38 GRAY'S INN ROAD, LONDON; WC1X-HAX 

(Phone Ol-'837 7937-) 

WW- 02.9 FOR FURTHER DETAILS 

. THRUUNE®WAITMfTER 
0.45-2300 MHz/0.1-10,000watts 

The Standard of the Industry 
What more need we say ... 

Exclusive UK representative 

·aspen electronics limited 

2-KU.])ARE CLOSE. EASTCOTE. MIDDX. HA4 9UR 
TE_LEPHONE: 01-868 1188- TELEX 8812727 

The FM/ AM 1000s with 
Spectrum Analyser 
A portable commu~ications service 
monitor from IFR, l1ght enough to 
carry anywhere and good enough f 
most two-way radio system tests. 
The FM/AM 1000s can do the work 
of a spectrum analyser, oscilloscope, 
tone generator, deviation meter, 
modulation meter, signal generator, 
wattmeter, voltmeter, frequency 
error meter-and up to five service 
engineers who could be doing 
something else! 

For further information contact 
Mike Taylor 

F·leldlech ~~~~~~~~ ~f~port London Hounslow 
TW6 3AF 

L.:::=:=-=----------, Tel: 01-759 2811 
Telex: 23734 

IFRprecisionsimulators FLDTEc G • 

WW -045 FOR FURTHER DETAILS 
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756 KEYBOARD 
* Intended for professional micrQ­

processor applications. 
* This one Keyboard will meet most 

present and future requirements. 

NUMERIC KEYPAD 

WIRELESS WORLD, OCTOBER 1979 

MODEL, 756 
FULL ASCII Low cost i 

Fully KEYBOARD Assembled. 

* Alpha lock . 
* Extra loose keys available. 
~. Supplied complete with full 

.---.............. ~------------- technical data. * Full 128-character ASCII 8-bit code 
: . Tri-mode MOS encoding. 

Applications notes for auto repeat, 
numenc pad, serial output. 

£39.50 +VAT 15 0/o --Rugged mi l. spec. ·G~10 PCB 
Also available · with plated through holes. 
Numeric keypad- interfaces with 756 . . £7 .50 * 2-key roll-over . 
DC to DC converter to give- 12V ' .. . £5 .00 * DC level and pulse strobe signal 

Upper and lower case characters 
generated by keyboard with latching 
shift-lock. 

(Mounts direct on 756 P.C.) for easy interf ace to any 8-bit 
~lasticlenc~osuretype 701 . . . . . . . . . . . . . £10.75 input port microprocessor system, _old pate . e_dge connector type 7_ 56 I~.?!:'... . . . . . . . . . £1 . 95 

Generous Quantity Discounts Available video .display Or terminal board. 
U.K. orders add 15% VAT ON ORDER TOTAL. Strobe pulse . width 1 ms.. t 

* Selectable polarity . 
Size 305. X 140 X 32mm 
(12'/4 X 5t!z X• 1 'I• in) 

All U.K. enquiries to 
CITADEL PRODUCTS LTD. • User selection of positive or negative 

* MOS/DTL!TTL compatible outputs. 
* New guaranteed OEM grade com­

ponents. 

· _so High St:;!~o';'~~;·, ~~.;':· HAS 7EP logic data and strobe output . _: 

* Needs t5 and -12V supply 

• Board has space for small low 
cost DC I DC converter so · 
that entire unit operates off 
single 5V rail. 

Carter Associates 
P.O. Box 11262 VLAEBERG 
South Africa postal code 801 8 

The DMM you've wanted: 
Quality and performance at a low, low co t 
A surprisi~gly low£ 49.95. Surprising 
because you get the type of performance 
you've wanted but expected to pay much 
more for. 

Quality, Perfonnance and Accuracy 
The 2010A offers you long-term accuracy 
with a laser-trimmed resistor network, a 
stable bandgap reference element, and 
single-chip LSI circuitry. With 31 ranges and 
6 functions, you can measure AC or DC 

. volts from 100 ~ V to 1000 V; AC and DC 
current from 0.1 ~A all the way to 10 A ; 
resistance from 0 .1 fl to 20 Mil. Typical DCV 
and Ohms accuracy is 0.1% ± 1 digit. Easy­
to-read 3 112 digit LED's with 9 mm numerals 
and automatic decimal point. 

. Extra features for greater convenience 
and flexibility 
• Unique X lO multiplier switch gives you 
convenient selection of the next higher 
decade. Hi-Low Power Ohms capability 
gives you three high-ohm ranges that supply 
enough voltage to turn on a semiconductor 
junction. You use the three low-ohm ranges 
for in-circuit resistance measurements. 
• Wide Frequency Response: 40Hz to 
40 kHz bandwidth Jets you measure audio 
through ultrasonicAC signals. 
it ToUch-ahd-Hold Capability (with optional 
probe) lets you hold readings as long as yoil 

wish so you can mak~ measurements in hard­
to-reach places without taking your eyes off 
the probe tip. 
• And More : automatic polarity and 
zeroing; overrange indication ; overload 
protection on all rangys. 
This compact unit is powered by 4 «C» cells 
(not included) so that you can take your lab­
quality bench top unit anywhere with you. 

Kit or Factory-Assembled 
Either is a tremendous value. Complete kit 
only£ 49.95 ; assemble it yo urself with our 
easy-to-follow instructions . Or\ for only 
£64.95. Sabtronics will ship your 2010A 
factory-assembled and calibrated. 

Whether you're a professional or a hobbyist 
(or both!) : When quality, accuracy, and price 
count, you should check out the 2010A DMM 
for yourself. 
201 OA Kit : £49.95 
2010A Assembled: £64.95 
(plus p.p. £3.50 and VAT at 15%) 
THP-20 Touch and Hold Probe: £9.95 
Making Performance Affordable 

sab1;J:SJJ!~~~ Pd 
Send your orders with your payments to: 
TIMWOOD LTD. 
14 Albert Street, Cowes, Isle of Wight 
EI'lJ~land. Telex 86892 

WIRRESS WORLD , OCTOBER 1979 

PARAGRID 
ANTENNAS 
The combination of type TM 30 transportable mast 
with Paragrid Antenna is a classic example of total 

· transportability, ever demanding for rapid erection 
and deployment for fast communication, whether 
temporary or permanent. 
Paragrid Antennas offer great advantage over spun 
dishes in as much as these are broken down and 
packed in lightweight cartons. Shipping and s ite 
transportation costs are drastically reduced; this 
effectively produces a considerable saving. 
The Paragrid Antennas are manufactured into the 
three most popular sizes, 1Oft. (3 .048m .), 7ft. 
(2 .1 34m.) and 4ft. (1 .219m.) diameters , frequency 
range 450 thru 1 500 M Hz with excellent front-back 
ratios. VSWR across entire bands are better than 
1.3 to 1. High tensile aluminium alloy a re used 
extensively throughout the manufacturing, giving 
advantage of lightweight yet extreme strength. 
Fixings are of stainless steel and spun galvanize. 
The radiating elements are manufactured of brass 
and si lver-plated for greater conductivity. As an 
added advantage against environmenta l hazards, 
the elements are encapsulated in a glassfib re 
shroud . . 

RADIO MASTS LTD. 
North Portway Close, Round Spinney 
Northampton, NN3 4RO 
·Tel: 0604 499617 
Telex: Headship (N 'pton} 3 1355 (Ram ar) 

carbon filnl RESISTORS~ 
PRICES REDUCED. SEND FOR DETAILS NOW 

··- ··· - ·····- ------ ········ 

Z- - ·· r_--:_·-_·a · · ' :8•-. . 

.......... -....... ····• -- ----'·- --······· ............. _...., ____ _ 

............ .-..-
___ ,......, ... 

-~- - ··· ·· · · 

'AERO s·ERVICES-L ro. 
'42~44A=46 -Wes1bciurne Grove 
London W2 5SF 
Tel. 01-727 5641 Telex 261306 

WW- 034 FOR FURTHER DETAILS 
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FREQUENCY COUNTERS -OSCILLOSCOPES.- OF-F-AIR RECEIVERS 

20 MOD ELS AVAILABLE INCLUDING LED 

250M Hz 
801 8 
£250 

Crystal 
oven 

3 parts 10 9 

VERSION S 

401A 
801 B/M 
901M 
1001M 

50MHz 6 Digit £ 150 
250M Hz 8 Digit £250 
520MHz 8 Digit £325 

1-2GHz 8 Digit £550 

MAINS 
12V. BATTERY 

PORTABLE 
OSCILLOSCOPE 

MODEL 
51500 
15MHz 

Dual Trace 
£280 

A professional standard model dual trace DC to15fv1Hz . Usable to 25MHz 
with alternate . chop and single-channe l A orB ampl1f1er select1on, 5mv / cm, 
accuracy 3%. Excellent triggering wide range time base . 

R. C. S. ELECTRONICS, WOLSLEY ROAD~ ASHFORD, MIDDX~ A~HFORD. 53661. 
SUPPLIERS TO: Mini8ti'V of Defence, G .... O., B.B.C:., N.P. L Govilmmen_t Dept••• trv-wl Manufllcture_rtlend Electronic l.aborlltOnee world-wide 

WW -086 FOR FURTHER OETAILS 
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756 KEYBOARD 
* Intended for professional micrQ­

processor applications. 
* This one Keyboard will meet most 

present and future requirements. 

NUMERIC KEYPAD 

WIRELESS WORLD, OCTOBER 1979 

MODEL, 756 
FULL ASCII Low cost i 

Fully KEYBOARD Assembled. 

* Alpha lock . 
* Extra loose keys available. 
~. Supplied complete with full 

.---.............. ~------------- technical data. * Full 128-character ASCII 8-bit code 
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(Mounts direct on 756 P.C.) for easy interf ace to any 8-bit 
~lasticlenc~osuretype 701 . . . . . . . . . . . . . £10.75 input port microprocessor system, _old pate . e_dge connector type 7_ 56 I~.?!:'... . . . . . . . . . £1 . 95 
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Making Performance Affordable 

sab1;J:SJJ!~~~ Pd 
Send your orders with your payments to: 
TIMWOOD LTD. 
14 Albert Street, Cowes, Isle of Wight 
EI'lJ~land. Telex 86892 
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8PECTRONICS. 
U.V. EPROM-ERASING LAMP 

Erases up to 6 chips. Takes approx. 19 mins. 

Erases up to 6 chips. Takes approx. 19 mins . 

Erases up to 9 ·chips. Takes approx. 15 mins. 

Erases up to 6 chips. Takes approx. 7 mins. 

PR320T* Erases up to 36 chips. Takes approx. 7 mins. 

PClOOO* Erases up to 72 chips. Takes apprdx. 7 mins. 

U.V. EPROM-ERASING CABINET 

£ 56.00 
£ 76.58 
£111.22 
£237.84 
£384.09 
£842.83 

WIRELESS WORLD, OCTOBER 1979 

SPECIAL 
OFFER! 
Until SEPTEMBER 30th 19 79 

30% OFF 
as in June Catalogue 

41 16 150ns 
16K Dynamic Ram 
6502. . . . . 
MC6800 
MC682 1 • . > • 

74LS Prices 

. £6.99 
£9.99 
£6.99 
£3.99 

Erases up to 144 chips. Ta~es approx. 7 mins. £1227.69 
BASF 6106 5~" S LIMLINE 

DISC DRIVE . . .. . £190 

* Includes a 60 min. Timer 

SEND FOR FURTHER DETAILS 
DISTRIBUTOR ENQUIRIES WELCOME! 

The 6502 Based .Micro on Standard 
Eurocard Modules 

TERMS AND CONDITIONS 
Head Off ice : 40 Bartholomew Street, Newbury, Berkshire 
Tel : (0635) 30505 Telex : 848507 NCS 

Minimum official order £10.00. 
Postage & packing 30p on Hardware. 
Hardware prices plus 15% VAT. 
Barclaycard & Access Welcome. 

Northern Branch: Mersey House, 22.0-222 Stockport Road, 
Chead le Heath, Stockport Tel: (061 -491) 2290 

WW-074 FOR FURTHER DETAILS 

explosion pToof 
communications 

*complete systems for the 
offshore - chemical -
petroleum -railway­
motorway environments 

*Ex. loudspeakers 12w 
and 25w 

'*Ex. proof­
intrinsically safe -
weatherproof 
telephone units 

* delivery ex-stock 

Neumann Communication Systems Limited 
Lea Industrial Estate, 151 Lower Luton Road 

Harpenden, Herts ~L5 5EQ 
Telephone : (058 27) 67011 Telex 826638 

WW - 053 FOR FURTHER DETAILS 

VCRTEXION· 
'a happy 
.event ... 

... a new addition to our family of amplifiers. The VTN 30. ' 
The new baby weighs in at 30 watts, and has a maximum of 3 
inputs. 
The other members of the Vortexion family are the system · 
2000, 50/70 watt and CP50 mains/battery amplifiers. 
Contact Sales Dept. - VORTEXION DIVISION. 
Clarke & Smith Manufacturing Co. Ltd., Melbourne Works, 
Melbourne Road, Wallington, Sttrrey. Tel. 01-669 4411 Ext. 
25. . 
Telex Casint G 22574; Telegrams: Electronic Wallington. 

WW- 025 FOR FURTHER DETAILS 

True supercardioid 
characteristic 

e Well balanced, rising 
frequency response 
with low frequency roll-off 
and presence boost 

e Built-in hum bucking coil 
to cancel electromagnetic hum 

e Breath and "pop" filter 

tl On-off switch 

e Professional three-pin 
audio connector 

DESCRIPTION AND APPLICATIONS 

The B~yer Dynamic model M 400 N (C) sou.ndstar mk II is a unidirect ional mov ing co il microphone, especially 

designed to meet the demand of music ians, singers and entertainers fo~ an elega nt and superb sound1ng 
m icrophone. It is also an excellent microphone for instrument pick up and well su1ted for a vanetj' of broad­
cast, recording and stage applications . Its supercardioid pickup pattern min imizes background no1s: an~ 
other undesirable acoustic effects . A hi.ghly effective built-in bu (st filter controls explosive breath and pop 
noises. For boom, stand and hand use, indoor and out, the M 400 is unaffected by hum idity and temperature 
extremes . Its rugged construction makes this microphone · partieularly suited to withstand the rigors of 

professional use. The microphone is fully f ieldserviceable . 

M 400 N(Cl 
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WE HAVE 

MEMORIES 
AM2708 
TMS2516 
TMS2716 
2102L 
2114-2 
4060 
4096-16 
41 -16-3 
Z-80 CPU 
Z-80 PIO 

1KX8 
2KX8 
2KX8 
1KX1 
1KX4 
4KX1 
4KX1 

16KX1 
4MHz 
4MHz 

Send s.a.e. for full list and prices 

EPROM 
EPROM 
EPROM 
SHAM 
SHAM 
DRAM 
DRAM 
DRAM 

~. 
STRUTT 3cBARLEYMARKETST. 

TAVISTOCK 
• DEVON PL 19 05F 

Tel: TAVISTOCK (0822) 5439 
Telex: 45263 

ELECmiCAL AND MECHANICAL ENGINEERING L TO. 
ELECTRONIC COMPONENT DISTRIBUTORS 

WW-039 FOR FURTHER DETAILS 

Plastic Boxes 

WIRELESS WORLD. OCTOBER 1979 

747 UNIVERSAL COUNTER TIMER 
£175 + £3.50 p&p 

DC-150MHz 

8 DIGITS 

8 FUNCTIONS 

3 CHANNELS 

Measures - A KHz, C M Hz, Period A, 
·Pulse Width A±, Time A± to 8±, Count 
~. ~ount A {gated by B, ~eset by C) 
·Max. resoluti-on 0.1 Hz, 1 OOpS. 
Averages 1 to 1000 events. 

Also available - Counter Timers, Frequency Meters, Filter. 
Oscillators, Function Generators, Off-air Standards, Lab I 
Bench Power Supplies, Panel Meters & Bar Indicators. 

OMB ELECTRONICS 
Riverside. Eynsford. Kent DA4 OAE 

. . Tel: Far~ing~ani (0322) 863567 
Pnces, wh1ch are CWO & ex-VAT-, are correct at time of going to press and are 
subject to change without notic8'. 

FURTHER DETAILS 

Our catalogue contains a whole range of plastic 
boxes to suit every project. There are case-boxes, 

sloping front and flip-top boxes, general pur­
pose and potting boxes - there's even 
some with integral battery compartments. 

We've also got circuit boards, 

lrr~~fitBB5Ri&tbiR accessories, module frames 
and metal cases - all to 

the· highest standard 
to give your equip­
ment the quality _you 
demand. Send 25p 
to cover post and 
packing and the 

catalogue's yours. 

• 

VERO ELECTRONICS LTD RETAIL DEPT. 
Industrial Estate, Chandler's Ford, 
Hampshire SOS 3ZR 
Tel: (04215) 62829 

WW- 021 FOR FURTHER DETAILS 

WIRELESS WORLD, OCTOBER 1979 

TRADE WITH 
THE ARAB WORLD 

AND AFRICA 
, Announcinga 

uniqueexhibition-andauniqueopportunity 
for your company 

In June next year, in Paris, one of the most 
important exhibitions of the 1980s will be staged. 
It will help identify outlets for industrial products 
-including agricultural machinery and agro-

• chemicals, consumer goods, works and services. 
It will provide a showcase for the developing 
nations. And it will beattendedanlybyministers, 
heads of industrial organizations, senior 
government officials, directors of development 
projects and other top decision-makers. 

Expansion -Cooperation 1980-1990 will 
provide a unique oppGrtunity for exhibitors 
to expand sales, meet potential 
customers and end-users, plan joint 
ventures and contact Arab investors 
for projects in the West and in 
Africa. The exhibition is organized 

with the co-operation of the Arab Bank and is 
under the patronage of the French Government, 

· the O.P.E.C. Special Fund and 26 Arab 
Ministers. 

Perhaps your company is new to the Arab 
and African markets. Perhaps it has long 
experience of doing business in one or more of 
the countries there .. Eitber way, you will scarcely 
find a better or more economical opportunity of 
participating in their economic expansion than 
through this exhibition. 

· For further information and exhibition 
_details, please contact Bryan Cassid~r or 

Wendy Jesty, IPC Business Press 
Limited, S~ey House, 1 Throwley . 

Way, Sutton, Surrey SM14QQ. Tel: 
01-643 8040 Telex: 946564 Bisprs-G. 

C.N.I.T. PARIS LA DEFENSE 9/15 JUNE 1986 
E. 

' ·~ \ 

INTERNATIONAL EXHIBITION AND. t~RDMS 

1980/ EXPANSION COOPERATION /1990 
AFRICA-EUROPE-MIDDLE EAST 

---~------------------------------------------------------------------------------------------------------
COMPLETE THIS COUPON FOR 
FURTHER DETAILS Name _______________ _:__~-

To: Bryan Cassidy, IPC Business Press Limited, Company 
Surrey House, 1 Throwley Way, Sutton, Surrey SM14QQ. - - --'------------------
England. Address----.-------~------
Please send me further infonnation and exhibition 
details of Expansion-Cooperation 1980-1990 

39 
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AFRICA-EUROPE-MIDDLE EAST 

---~------------------------------------------------------------------------------------------------------
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FURTHER DETAILS Name _______________ _:__~-

To: Bryan Cassidy, IPC Business Press Limited, Company 
Surrey House, 1 Throwley Way, Sutton, Surrey SM14QQ. - - --'------------------
England. Address----.-------~------
Please send me further infonnation and exhibition 
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COMPONENT 

Speak· to the specialists 
8424 LCR.Meter 
Accuracy .±0.25°/o. Fast connection of components 
with immediate direct reading; pass/fail indicator; high 
efficiency at low cost. Easily used by non-technical staff, 
especially at goods in, on the production line or at final 

~~~~~~~~~~~~ Quality Control. 

fliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil 8605 LCRD and Q Automatic Component Bridge 

~ ~~~~TR~~~~ 
DURBAN ROAD BOGNOR REGIS 
WESTSUSSEXP0229RLENGLAND 
TELEPHONE BOGNOR (02433) 25811 
TELEX 86120 

Accuracy .±0.1 °/o., with microprocessor and memory. 
Automatic trim and ranging; 2; 3 or 4-terminal measure­
ments. Select from 3 test frequencies: 1OOHz, 1OkHz and 
1kHz. A versatile instrument for Quality Control or A & D. 
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SWEDEN- Scandia Metric AB Tel: (Stockholm) 82 0410 
SWITZERLAND- G & P Electronics AG Tel: (01) 64 .32.31 
U.S.A.- Mechanical Technology Inc .. Latham . NY. Tel: (518) 785-2211 
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wireless 
world 

Power but little glory 
The opening of the biggest and most 
important international radio 

,conference for twenty years, WARC 79, 
-is a good moment to ask ourselves just 
where we have taken this remarkable 
technology in the time since the first 
such conference was held at the 
beginning of the century (see article in 
this issue). Or it might be as pertinent 
to enquire just where this technology is 
taking us. \VARC 79 is a major 
example of a meeting where decisions 
affecting the future development of a 
branch of technology are being made 
not by the technicians and engineers 
but by governJllent representatives 
'ostensibly acting for the 
people, the users of the technology. 
Ostensibly, because it's very doubtful 
whether these civil servants and others 
are true representatives of the people's · 
interests or technocrats more 

·concerned with the preservation of 
political/industrial power structures. 

In the early days of radio it was 
possible to p~int to such things as the 
saving of life at sea and declare with 
confidence that this new technology 
would be a great boon to mankind. 
Three-quarters of a century later such 
breezy Edwardian optimism has gone, 
for the picture is very different. It's not 
only that radio and electronics have 
found terrifying applications in 
instruments of destruction. A more 
permanent and insidious development 
is the immense, silent power that all 
technology, including ours, has 
acquired over the ordinary lives of 
people. It is not wielded by the 
individual scientists and engineers, 
but by our political, economic and 
commercial institutions, the 
technocracy. The ordinary person sees 
a great complicated Juggernaut which 
he is helpless to understand or control 
and which moves on heedlessly over 
his prostrate mind. It was an awareness 
of this helplessness which led Kurt 
\Valdheim, Secretary-General of the 
United Nations, to warn recently that 
"failure to assert the primacy of policy 
over technology is an alarming and · 
increasingly dangerous phenomenon in 
the modern world". 

Two current beliefs foster the 
growing power of technolog~: one, if a 
new technique produces material 
prosperity it is automatically good, 
regardless of its side effects; two, if a 
scientific advance is possible at all it 
must not be hindered but pursued, 
objectively, for its own sake. Success at 
all costs. But the direction the research 
.and commercial development takes is 
inevitably controlled by those who put · 
the money into it. \Vhatever the 
benefits, the major interests of those 
who provide the finance~ as Roszak has 
said, will continue to be in weapons, in 
techniques of social control, in 
commercial gadgetry, in market 
manipulation and in the subversion of 
democratic processes by means of 
information monopoly and 
"engineered" consensus. In electronics, 
technical and commercial activity is 
now dominated by weapons systems on 
the one hand and consumer toys and 
trinkets on the other. 

One brave if somewhat emasculated 
attempt to "assert the primacy of 
policy over technology" is the Office of 
Technology Assessment which 
operates in that heart of technical 
achievement, the USA. It was 
established by law in 1972 to give 
Congress early indications of the 
beneficial and adverse effects to be 
expected from the applications of 
technology. Being an arm of the 
.legislature, ratqer than of the 
government, it is nominally 

· independent, but because it cannot 
help being part of the power structure 
of the country this independence must 
be suspect. More healthy is the 
consumer movement and the work of 
the voluntary groups who believe that 
communities should monitor 
technology; this has produced, again in 
the USA, the National Council for the 
Public Assessment of Technology. As 
Lord Mountbatten declared at the end 
of the first Mountbatten Lecture, 
hopefully entitled Electronics - the 
Lifeline, "Science offers us almost 
unlimited opportunities- but it is up to 
us, the people, to make the moral and 
philosophical choices". · 
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Two-metre s·.s.b.and_ f.m. transceiver 
Design and construction of an advanced uni_t for the experienced construct9r · 

by G. R. B. Thomley, G2DAF 

The transceiver to be described in this 
article is the final result of two years 
development and constructional work. 

.The aim was to provide a unit which 
would be tunable over the full range of 
the two metre (144 to 146M Hz) band 
and capable of s.s.b., f.m . and c.w. 
operation, with an output power of 1 0 to 
20 watts p.e.p . To avoid crystal 
manipulation and bandpass filter 
alignment, which some people find 
difficult, the author decided to generate 
the initial s.s.b. and f.m. at 10. 7MHz 
using low-cost, easily-obtainable block 
crystal filters. The transceiver has been in 
use almost daily over the past three 
years, and this has given the author 
ample opportunity to prove the reliability, 
ease of control, and long term stability of 
the design. It can be built for under 
£200. 

THE MAIN REQUIREMENTS for the 
transceiver were as follow~: The single 
conversion format was to .be used to 

improve the receiver cross-modulation 
and blocking performance and it had to 
have a straightforward setting-up and 
alignment procedure. First class carrier, 
sideband and intermodulation product 
suppression, together with natural s.s.b. 
speech quality, was required .and the 
transceiver was to include narrow-band 
f.m., compatible with amateur band 
requirements. -Easily-repeatable con­
struction was desired, using (with the 
exception of the final output amplifier) 

· p.c.bs throughout. All the · signal 
frequency circuits were to use push-pull 
balanced mixers which would provide 
good discrimination against 
heterodyning-frequency breakthrough 
and a clean output with a low order of 
distortion products. \Vherever possible, 
standard-production, easily-obtainable 
components were to be used and high 
cost items were to be avoided. 

Constructional features considered to 
be desirable were also itemised. Unit 
construction, a clean layout, good 
accessibility and a professional appea-

LSB 

ranee were considered by the author to 
be important. The coils were to be 
'h.ome-made using standard, readily-­
. available coil formers, dust cores and 
screening cans. To simplify operation a 
,press-to-talk control was to be incorpo­
rated and the transceiver was to be 
driven by a separate power supply. 

In order to obtain the required 
stability, a variable-frequency oscillator 
(v.f.o.) operating on a relatively low 
frequency is essential. This can be 
raised to the required heterodyning 
frequency of 133.3 to 135.3MHz in two 
ways. The first method uses the so­
called "mixer v.f.o." in which the v.f.o. 
feeds a mixer stage together with the 
output from a high frequency crystal 
oscillator. In this case the sum of the 
two frequencies is extracted at the 
mixef output circuit. The second· 
method uses a "phase-lock loop v.f.o." 
in which a voltage-controlled oscillator 
(v.c.o.) tuning 133.3 to 135 .MHz is 
locked back to a relatively stable v.f.o. 
on a much lower frequency. This 
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method has the oscillator a t signal 
frequency -which avoids the problems 
of oscillator harmonics and spurious . 
mixing products - but the stability is as 
good as that of the low frequency v.f.o. 

The second method was preferred 
and this was adopted using an inte­
grated circuit phase detector, Motorola 
type MC4044P* , which produces reli ­
able and consistent results, and locks 
from switch -on. It was t he author's 
desire to construct a workable phase­
lock loop v.f.o. which encouraged him 
to develop the t ransceiver described 
here. 

Transceiver block diagram 
A block diagram of the transceiver is 
given in Fig. 1 and shows the signal 
path, the d.c. send-receive control 
switching and the s.s. b.-f.m. mode 
switch Sta• S1b, Stc• S1d. On receive, the 
aerial is connected to the receive con­
verter unit which translates the two­
metre band signal to 10.7MHz. The out­
put from this converter -simultaneously 
feeds the f.m. generator unit and the 
s.s.b. generator unit. Audio signals from 
both generators feed via s lb to the 
common "a.f. gain" and the common 
audio power amplifier. 

On transmit, the microphone output 
simultaneously feeds the s.s.b. and f.m . 
microphone amplifiers and thei r res­
pective 10. 7MHz i.f. units. Both of the 
s.s.b. and f.m. outputs connect to the 
transmit converter unit where the 
signal is translated to the required two­
metre band frequency . The low level 
output from the converter feeds into the 
power amplifier unit which gives 10 to 
20W of r.f. output power. 

The v.f.o., phase-lock loop circuit and 
v.c.o. a.mplifier are common to "trans­
mit" and "receive" and are permanently ' 
connected to an unswitched 12V 
stabilized power supply. Power for the 
remaining s.s.b . and f.m. units is 
selected as required by the switch banks 
Sla• Sid and• Sic· Two relays, one fo r 
power and one for the aerial, control the 
transmit-receive function, and are 
operated during communications by a 
press-to-talk foot switch. The phase­
lock loop unit provides the required 
heterodyning frequency of 133.3 to 
135.3MHz in two ranges each l,OOOkHz 

; wide, and is locked back . to the 
1 relatively stable v.f.o. tuning over the 
1 range of 8.3 to 9.3MHz. 

S.s.b. generator unit 
All the components for the 10.7MHz 
s.s.b. transmit-receive unit, which has 
the circuit shown in Fig. 2, are assemb­
led on a p.c. b. measuring 814 x 5in. 
Transistors Tr1 to Tr6 form the transmit 
section and Tr7 to Tr 17 , the receive 
section. Tr6 is a f.e.t. and offers a high 
impedance load to the microphone. 
Audio signals feed via the preset volume 
control , R25 , to a further stage of 
amplification , T r5 , and then via a 
screened cable to the twin diode 
balanced-modulator D2 and D3 • The 
,modulator output at low impedance 
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Front view of the transceiver showing the panel layout. 

Underchassis of the transceiver showing, left to right, the phase-lock unit, the v.c.o. 
amplifier p.c.b., the receiver converter p.c.b., and bottom right, the f.m. generator p.c.b. 

connects to the capacitive tap CI4 arid 
C15 across L4 , and is amplified by two 
m.o.s.f.e.t . i.f. stages Tr2 and Tr1. Overall 
gain is controlled by the preset resistor 
R2. 

Coil L2 is resonated by two capacitors · 
C2 and ~ in series to provide an imped­
ance match. Switching diode D1 con­
nects the 10.7MHz output signal into 
the low impedance 2.4kHz wide block 
filter via the d.c. blocking capacitor c44 

and the filter output then connects, via 
C45 and the switching diode D14 , to the 
two output terminal posts. High and 
low sideband carrier crystals XL1 and 
X~ are switched as required by the 
"mode" switch S1a and diodes D7 and D8 

to the carrier to be pulled exactly on to 
the required frequency. In practice, 
additional capacitance was found to be 
necessary and this is provided by C29 
and C:3I, which are soldered in parallel 
with each trimmer on the back of the 
p.c.b. The low impedance output from 

the secondary of L5 feeds the receiver 
demodulator D11 and D12 and the high 
impedance output from the collector of 
Tr4 drives the f.e.t. phase splitter Tr3 to 
provide a balanced r.f. input to the 
transmitter balanced modulator D2and 
D3. The carrier oscillator is common to 
both transmit and receive and, accor­
dingly, the required 12V supply is fed via 
switching diodes D4 and D5 from both 
the transmit and receive power rails. 

On receive the 10.7MHz ~ignal input 
is switched by diodes DI 5 and D 10 
through the block fi lter , and then 
amplified by three a.g.c .- controlled 
m.o.s.f.e.t. i.f. stages Tr7 , Tr8 and Tr9 and 
the balanced demodulator.D11 and D12 is 
fed by the low impedance output from 
the secondary of ~- The 10.7MHz i.f. 
input is heterodyned by the · push-pull 
carrier frequency to the demodulator, 
and the resultant difference frequency 
in the audio range 300 to 2,700Hz con­
nects to the panel-operated a.f. gain 
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method has the oscillator a t signal 
frequency -which avoids the problems 
of oscillator harmonics and spurious . 
mixing products - but the stability is as 
good as that of the low frequency v.f.o. 

The second method was preferred 
and this was adopted using an inte­
grated circuit phase detector, Motorola 
type MC4044P* , which produces reli ­
able and consistent results, and locks 
from switch -on. It was t he author's 
desire to construct a workable phase­
lock loop v.f.o. which encouraged him 
to develop the t ransceiver described 
here. 

Transceiver block diagram 
A block diagram of the transceiver is 
given in Fig. 1 and shows the signal 
path, the d.c. send-receive control 
switching and the s.s. b.-f.m. mode 
switch Sta• S1b, Stc• S1d. On receive, the 
aerial is connected to the receive con­
verter unit which translates the two­
metre band signal to 10.7MHz. The out­
put from this converter -simultaneously 
feeds the f.m. generator unit and the 
s.s.b. generator unit. Audio signals from 
both generators feed via s lb to the 
common "a.f. gain" and the common 
audio power amplifier. 

On transmit, the microphone output 
simultaneously feeds the s.s.b. and f.m . 
microphone amplifiers and thei r res­
pective 10. 7MHz i.f. units. Both of the 
s.s.b. and f.m. outputs connect to the 
transmit converter unit where the 
signal is translated to the required two­
metre band frequency . The low level 
output from the converter feeds into the 
power amplifier unit which gives 10 to 
20W of r.f. output power. 

The v.f.o., phase-lock loop circuit and 
v.c.o. a.mplifier are common to "trans­
mit" and "receive" and are permanently ' 
connected to an unswitched 12V 
stabilized power supply. Power for the 
remaining s.s.b . and f.m. units is 
selected as required by the switch banks 
Sla• Sid and• Sic· Two relays, one fo r 
power and one for the aerial, control the 
transmit-receive function, and are 
operated during communications by a 
press-to-talk foot switch. The phase­
lock loop unit provides the required 
heterodyning frequency of 133.3 to 
135.3MHz in two ranges each l,OOOkHz 

; wide, and is locked back . to the 
1 relatively stable v.f.o. tuning over the 
1 range of 8.3 to 9.3MHz. 

S.s.b. generator unit 
All the components for the 10.7MHz 
s.s.b. transmit-receive unit, which has 
the circuit shown in Fig. 2, are assemb­
led on a p.c. b. measuring 814 x 5in. 
Transistors Tr1 to Tr6 form the transmit 
section and Tr7 to Tr 17 , the receive 
section. Tr6 is a f.e.t. and offers a high 
impedance load to the microphone. 
Audio signals feed via the preset volume 
control , R25 , to a further stage of 
amplification , T r5 , and then via a 
screened cable to the twin diode 
balanced-modulator D2 and D3 • The 
,modulator output at low impedance 
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Front view of the transceiver showing the panel layout. 

Underchassis of the transceiver showing, left to right, the phase-lock unit, the v.c.o. 
amplifier p.c.b., the receiver converter p.c.b., and bottom right, the f.m. generator p.c.b. 

connects to the capacitive tap CI4 arid 
C15 across L4 , and is amplified by two 
m.o.s.f.e.t . i.f. stages Tr2 and Tr1. Overall 
gain is controlled by the preset resistor 
R2. 

Coil L2 is resonated by two capacitors · 
C2 and ~ in series to provide an imped­
ance match. Switching diode D1 con­
nects the 10.7MHz output signal into 
the low impedance 2.4kHz wide block 
filter via the d.c. blocking capacitor c44 

and the filter output then connects, via 
C45 and the switching diode D14 , to the 
two output terminal posts. High and 
low sideband carrier crystals XL1 and 
X~ are switched as required by the 
"mode" switch S1a and diodes D7 and D8 

to the carrier to be pulled exactly on to 
the required frequency. In practice, 
additional capacitance was found to be 
necessary and this is provided by C29 
and C:3I, which are soldered in parallel 
with each trimmer on the back of the 
p.c.b. The low impedance output from 

the secondary of L5 feeds the receiver 
demodulator D11 and D12 and the high 
impedance output from the collector of 
Tr4 drives the f.e.t. phase splitter Tr3 to 
provide a balanced r.f. input to the 
transmitter balanced modulator D2and 
D3. The carrier oscillator is common to 
both transmit and receive and, accor­
dingly, the required 12V supply is fed via 
switching diodes D4 and D5 from both 
the transmit and receive power rails. 

On receive the 10.7MHz ~ignal input 
is switched by diodes DI 5 and D 10 
through the block fi lter , and then 
amplified by three a.g.c .- controlled 
m.o.s.f.e.t. i.f. stages Tr7 , Tr8 and Tr9 and 
the balanced demodulator.D11 and D12 is 
fed by the low impedance output from 
the secondary of ~- The 10.7MHz i.f. 
input is heterodyned by the · push-pull 
carrier frequency to the demodulator, 
and the resultant difference frequency 
in the audio range 300 to 2,700Hz con­
nects to the panel-operated a.f. gain 
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control, Rt6 , via the mode switch S1b. 

Tr10 to Tr14 form a . con ven tiona! 
complementary-pair audio amplifier 
with approximately one watt output to 
an eight ohm loudspeaker. These stages 
are common to both s.s.b. and f.m . 
reception and are therefore fed from a 
separate + 12V power rail. 

During a.m. reception, there is a 
steady transmitted carrier, and this can 
be used in a receiver to operate a simple 
a.g.c. system. However, these condi­
tions do not apply when receiving a 
s.s.b. transmission. The a.g.c. system 

L 

H 

Panel mounted 

45 

+12V TX 

+12V 
amplifier 

+12V .RX 

C10 • C25 ·C51 ,C56.c50 .c83 ~ross ~oil inside screening con 

C29 ,C31 'R75 Installed on etched side of PC. B. 

must have a fast attack in order to 
faithfully follow the modulation enve­
lope, and must have a slow release in 
order to "hold up" in between words. In 
addition, the a.g.c. is ideally required to 
hold the audio output at a constant level 
for incoming signal strengths of lOft V to 
lOOmV - a dynamic range of 80dB. 
Good a.g.c. performance for s .s.b. 
reception is an important requirement 
for satisfactory operation, but has 
proved difficult to achieve with 
semiconductor devices. The situation 
has improved considerably with the 

advent of the dual gate m.o.s.f.e.t. in 
which a smooth control of stage gain is. 

· available by varying the potential 
applied to gate 2. 

Tr17 is the a.g.c. i.f. amplifier. The 
output signal from L12 is re.ctified by D11 

and is fed via the gate diode D16 to gate 1 
and gate 2 of the high impedance 
amplifier Tr16 

The output from D16 follows the s.s.b. 
modulation envelope and charges C80 to 
approximately the peak level. The 
attack time is fast, but C80 can only 
discharge throt~:gh Rt,8 giving the req-



44 

o, 

CB Cg 

R2 RB 

R7 

R3 

._ _ __,cso~ 

cs1 .___,__..J. 

A .G C roil 

L10 I 

aCgh R 
63 

I 
, l t._______ Signal input from RX converter unit 

...._ ___________ __..:• Signal input from FM generator unit 

- - S S B output to TX converter unit 

""'----------------- FM output from FM generator unit 

Fig. 2. 1~. 7MHz s.s.b. generator unit 

WIRELESS WORLD, OCTOBER 1979 

Source roil 

R 
73 

WIRELESS WORLD, OCTOBER 1 979 
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reception and are therefore fed from a 
separate + 12V power rail. 
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must have a fast attack in order to 
faithfully follow the modulation enve­
lope, and must have a slow release in 
order to "hold up" in between words. In 
addition, the a.g.c. is ideally required to 
hold the audio output at a constant level 
for incoming signal strengths of lOft V to 
lOOmV - a dynamic range of 80dB. 
Good a.g.c. performance for s .s.b. 
reception is an important requirement 
for satisfactory operation, but has 
proved difficult to achieve with 
semiconductor devices. The situation 
has improved considerably with the 

advent of the dual gate m.o.s.f.e.t. in 
which a smooth control of stage gain is. 

· available by varying the potential 
applied to gate 2. 

Tr17 is the a.g.c. i.f. amplifier. The 
output signal from L12 is re.ctified by D11 

and is fed via the gate diode D16 to gate 1 
and gate 2 of the high impedance 
amplifier Tr16 

The output from D16 follows the s.s.b. 
modulation envelope and charges C80 to 
approximately the peak level. The 
attack time is fast, but C80 can only 
discharge throt~:gh Rt,8 giving the req-
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uired slow release. Phase inversion is 
effected by Tr15 whose collector pro­
vides a negative going a.g.c. potential. 
The emitter of this transistor drives the 
S-meter which gives a visual indication 
of relative received signal strength from 
S zero to 59 + 40dB. 

In order to avoid the necessity of an 
additional negative power supply, the 
a.g.c. control circuit is returned to 
chassis earth. An aerial input signal 
from OpV to lOOmV will give 
approximately 2.5V change in the a.g.c. 
line potential, the lowest point being 
approximately 2.9V relative to chassis 
earth. Therefore, in order to take full 
advantage of the gate-2-to-source volts 
against power gain characteristics for 
the RCA 40673, the "source line" (i.e. 
the return path for gate 1 and source 
bias resistors) is held 3.3V positive 
relative to chassis earth, and is stabil-

FM in 
0 

S.T.C. 
block 
filter 

+12V TX 

Tr25' R122' R123' R125' 0 22' 0
23 

mounted on tog strip adjacent 
to the "calibrate" potentiometer. 
c120 inside screening can. 

ised with a 2.7V Zener diode D18• 

The "hold" · time constant for the . 
a.g.c. line is determined by the value of 
the reservoir capacitor C80 and the 
"bleed" resistor Rt,8 . Initially the zero 
signal a.g.c. line potential is set at 5.5V 
by the pre-set resistor Rs5 and the S­
meter zero setting by R63 . Rss allows the 
operator to control the S-meter sen­
sitivity. In other words it enables the 
operator to set the meter to S9 for an 
aerial signal input of 50f.LV (the normally 
accepted standard for amateur band 
receivers). 

F.m. generator unit 
Figure 3 shows the circuit of the 
10.7MHz f.m. transmit-receive unit. All 
components are assembled on a p.c.b. 
measuring 6V.. X 4in. Transistors Tr18 
Tr19 and IC1 compri~e the receive sec-
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tion, and Tr20 to Tr15 the transmit sec­
tion. 

On "receive" the incoming signal is 
switched by diode 0 19 to the 25kHz 
channel spacing block crystal filter. 
This filter has a 6dB bandwidth of 
approximately 15kHz and has been 
chosen as the most suitable for amateur 
narrow band f.m. requirements. For 
correct operation the filter requires an 
input and output parallel termination of 
910 ohms and 25pF, and this together 
with the circuit load is obtained with 
Rn, Cg5 and R7s• C96. 

Tr18 and Tr19 are dual-gate m.o.s.f.e:t. 
i.f. amplifiers with overall gain control­
led by the pre-set resistor R81 • At the 
time the f.m. unit was being developed, 
the Toko type KALS4520A screened 
coils became available in the UK and 

Fig. 3. F.m. generator unit 
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these were used for L14 and L15 . The 
resonating capacitor is supplied as part 
of the internal coil assembly. 
· IC1 is an RCA CA3089E incorporating 

a three-stage limiting amplifier, quad­
rature detector, muting and tuning · 
meter output. The original development 
circuit followed the manufacturer's 
recommendations using a high-Q tuned 
circuit between pins 9 and 10 of the 
quadrature detector. This was consid­
ered by the author to be unsatisfactory 
with regard to the recovered audio out­
put and the long term stability of the· 
L/C circuit for amateur narrow-band 
(nominally± 5kHz) f.m. reception. The 
performance ha~ been materially 
Improved by the addition of a crystal 
discriminator, XL3 in the circuit dia­
gram. In order to obtain . the recovered 
audio with a low level of distortion, the 
crystal series-resonant point must be 

placed exactly at the filter centre 
frequency, and this is provided by the 
associated inductance L17 and the shunt 
trimmer Cm. The resistor Rg1 ensures a 
d.c. path between pins 9 and 10 of the 
detector. Terminal posts marked TP 
(test point) and the series resistor R94 
are incorporated to enable an external 
microammeter to be connected during 
the setting of clll and the plotting of the 
resultant S-curve. This will be dealt 
with in detail under the heading 
"Alignment". In addition, it was felt 
that the existing CA3089E muting 
circuit associated with pins 5 and 12 did 
not meet the requirements of amateur 
band operation so the required perfor­
mance has been obtained by an out­
board squelch unit. 

On "transmit," the crystal 
microphone input is amplified by Tr24 
and Tr23 , the amplifier gain being con-

47 

trolled by the preset resistor R117 . The 
output from the emitter Tr22 is fed to the 
varicap diode in the v.f.o. unit and the 
reference voltage for this diode is fed via 
R125 from the panel-operated "calibrate" 
potentiometer R124• This control would 
be very sensitive to a fractional change 
in power supply voltage or to hum 
ripple. It is therefore most important 
that R124 is fed from a supply rail incor­
porating double stabilization, and this 
requirement is effected by Tr25 and D23 • 

XL4 is the carrier crystal adjusted by L20 
to exactly 10,700,000Hz. The output of 
the carrier oscillator Tr21 is amplified by 
the m.o.s.f.e.t. Tr20 whose drive level is 
set by the preset control R101 • A low 
impedance output is taken from the 
secondary of L19 via the switching diode 
D2o· 
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uired slow release. Phase inversion is 
effected by Tr15 whose collector pro­
vides a negative going a.g.c. potential. 
The emitter of this transistor drives the 
S-meter which gives a visual indication 
of relative received signal strength from 
S zero to 59 + 40dB. 

In order to avoid the necessity of an 
additional negative power supply, the 
a.g.c. control circuit is returned to 
chassis earth. An aerial input signal 
from OpV to lOOmV will give 
approximately 2.5V change in the a.g.c. 
line potential, the lowest point being 
approximately 2.9V relative to chassis 
earth. Therefore, in order to take full 
advantage of the gate-2-to-source volts 
against power gain characteristics for 
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the return path for gate 1 and source 
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sitivity. In other words it enables the 
operator to set the meter to S9 for an 
aerial signal input of 50f.LV (the normally 
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tion, and Tr20 to Tr15 the transmit sec­
tion. 

On "receive" the incoming signal is 
switched by diode 0 19 to the 25kHz 
channel spacing block crystal filter. 
This filter has a 6dB bandwidth of 
approximately 15kHz and has been 
chosen as the most suitable for amateur 
narrow band f.m. requirements. For 
correct operation the filter requires an 
input and output parallel termination of 
910 ohms and 25pF, and this together 
with the circuit load is obtained with 
Rn, Cg5 and R7s• C96. 

Tr18 and Tr19 are dual-gate m.o.s.f.e:t. 
i.f. amplifiers with overall gain control­
led by the pre-set resistor R81 • At the 
time the f.m. unit was being developed, 
the Toko type KALS4520A screened 
coils became available in the UK and 
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these were used for L14 and L15 . The 
resonating capacitor is supplied as part 
of the internal coil assembly. 
· IC1 is an RCA CA3089E incorporating 

a three-stage limiting amplifier, quad­
rature detector, muting and tuning · 
meter output. The original development 
circuit followed the manufacturer's 
recommendations using a high-Q tuned 
circuit between pins 9 and 10 of the 
quadrature detector. This was consid­
ered by the author to be unsatisfactory 
with regard to the recovered audio out­
put and the long term stability of the· 
L/C circuit for amateur narrow-band 
(nominally± 5kHz) f.m. reception. The 
performance ha~ been materially 
Improved by the addition of a crystal 
discriminator, XL3 in the circuit dia­
gram. In order to obtain . the recovered 
audio with a low level of distortion, the 
crystal series-resonant point must be 

placed exactly at the filter centre 
frequency, and this is provided by the 
associated inductance L17 and the shunt 
trimmer Cm. The resistor Rg1 ensures a 
d.c. path between pins 9 and 10 of the 
detector. Terminal posts marked TP 
(test point) and the series resistor R94 
are incorporated to enable an external 
microammeter to be connected during 
the setting of clll and the plotting of the 
resultant S-curve. This will be dealt 
with in detail under the heading 
"Alignment". In addition, it was felt 
that the existing CA3089E muting 
circuit associated with pins 5 and 12 did 
not meet the requirements of amateur 
band operation so the required perfor­
mance has been obtained by an out­
board squelch unit. 

On "transmit," the crystal 
microphone input is amplified by Tr24 
and Tr23 , the amplifier gain being con-
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trolled by the preset resistor R117 . The 
output from the emitter Tr22 is fed to the 
varicap diode in the v.f.o. unit and the 
reference voltage for this diode is fed via 
R125 from the panel-operated "calibrate" 
potentiometer R124• This control would 
be very sensitive to a fractional change 
in power supply voltage or to hum 
ripple. It is therefore most important 
that R124 is fed from a supply rail incor­
porating double stabilization, and this 
requirement is effected by Tr25 and D23 • 

XL4 is the carrier crystal adjusted by L20 
to exactly 10,700,000Hz. The output of 
the carrier oscillator Tr21 is amplified by 
the m.o.s.f.e.t. Tr20 whose drive level is 
set by the preset control R101 • A low 
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Soundfield microphone 
Design and development of microphone and control unit 

"Ambisonics and surround sound 
technology based on psycho-acoustic 
theory form the nucleus of the design of -
the soundfield microphone. The complete 
design combines advanced acoustical, 
mechanical and electrical precision 
engineering in a revolutionary way. 
Recordings made with the microphone 
and reproduced through a minimum of 
loudspeakers produce images which are 
stable and uncoloured, while additional 
loudspeakers, which need not be full 
range, allow reproduction of valuable 
height and reverberant information. The 
soundfield microphone enables the 
recording engineer not only to record the 
total sound field and thus protect his 
recording from obsolescence, but to 
compare and dub to conventional forms, 
adjusting, panning and steering his 
synthesised, truly coincident 
"microphones" after the event , 

THE DEVELOPMENT -OF TIIE . NRDC 
Ambisonic technology for surround 
sound recording and reproduction is 
now well advanced and much has been 
published by those directly involved. 
Early attempts to supplement the rest­
rictive conventional stereophonic pre­
sentation by hasty additions of extra · 
rear channels in the so-called "quad­
raphonic" format have proved largely 
unsuccessful. Their particular inherent 
weaknesses include difficulties in pro­
ducing stable images from inter­
loudspeaker directions, and the en­
c~ding formulae of some systems 
exacerbates this problem further .. It has 
been dearly shown that using Ambi-, 
sonic technology, much better use can 
be made ·of extra loud speakers and 
channels, and that if only two channels 
are available, a decoding system may be 
employed which gives psycho-acoustic 
optimisation of the presentation in res­
pect of directionality and freedom from 
coloration or "phasiness." 

Background to microphone design 
The theoreticai analysis of surround 
sound psycho-acoustics into the 
mechanisms of human hearing· - - by· 
Gerzoni- argues that at low frequen­
cies below about 700Hz, where half a . 
wavelength corresponds to the distance 
between the ears, the information 
.reaching the brain is derived from the 
sum and difference of the inputs to the 
two ears. This corresponds at low 

by Ken Farrar, Calrec Audio Ltd 

frequencies respectively to the pressure 
component of the sound-equivalent to 
an omni-directional microphone W -
,and the velocity (pressure gradient) 
component of the sound - equivalent to 
a sideways pointing velocity, figure-of­
eight microphone Y. As the head may be 
rotated, a forward pointing velocity, 
figure-of-eight pick-up is also require~ 
to determine direction X, Fi_g. 1. The 
vector sum of in-phase forward and 
sideways velocity (figure-of-eight) 
signals corresponds to the apparent 
sound direction according to Makita's 
theory of sound localization by the 
ears. . 

At frequencies between 700Hz and 
5kHz sound direction is detected by, 
signal energy and corresponds to an 
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"energy vector" being the addition of 
vector components pointing_ at each 
loudspeaker whose lengths correspond 
to the energy in that speaker. Above· 
5kHz the pinnae (flaps) of the ears. 
appear to offer directional information 
to the brain by differences in coloration 
they impose on the sound arriving in 
different directions. - ·· · 

Further it has been found that a lis­
tener's ability to localize direction isi · 
greatly assisted by moderately reverb­
:erant conditions especially where the 
reverberation is fairly uniformly dis­
tributed. To take advantage of this 
additional ambient directional informa-_ 
tion, it is necessary to record the 
reverberation accurately and reproduce 
it uniformly around the listener. The 
technique of restricting reverberation 

1to one ·channel with no directional in­
formation does not satisfy the .above 
criteria. Moreover, with current tech­
nology, artificial reverberation is also 
not satisfactory in this respect. 

To complete the soundfield symmetry 
a third velocity component whose axis 
lies in the vertical is required,correspon- · 
ding to an upward facing velocity of 
figure-of-eight microphone, Z. 

The above requirements of human 
directional hearing can be satisfied by 

Fig. 1. At low frequencies, direction is 
penceivedby pres$ure (w) and velocity 
(x, y) effects. 

Fig. 2. B-Format co-ordinates. 
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suitable processing of pressure and · 
velocity signal components using an· 
Ambisonic decoder such as that de­
scribed in references 4 and 7-9. A similar· 
decoder is used in the monitor/output 
section of the soundfield microphone 
control unit described later. More de­
tailed aspects of the soundfield 
microphone principle have been de­
scribed in references 11 and 13. 

Microphone acoustic system 
The complete parameters for the design 
of a microphone to capture the com­
plete soundfield may now be defined as 
follows. The four signals are known as 
B-format and soundfield signals 
should be recorded, stored and 
generally handled professionally in this 
form. (Fig .. 2). 
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Fig. 3. The four capsules mounted in 
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W -pressure: omni-directional. 
X-pressure-gradient (velocity): for-

y ~~------~--~~~ 

ward fig.~of-eight. · · . 
Y -pressure-gradient (velocity): left­
ward fig.-of-eight. · 
Z-pressure-gradient (velocity); upward 
fig.-of-eight. ' · · 

The height component Z will probably 
not be used in reproduction commer­
cially in the immediate future although 
it is necessary to implement elevation 
and dominance controls post-session 
wh~n required and undoubtedly ex­
penmental reproduction systems will 
use it* 

The B-format signals are required to 
be truly coincident and to have good 
frequency response and well defined 
polar patterns at all frequencies. It was 
considered impractical to produce a 
microphone which generated B-format 
signals directly; moreover the method 
chosen has a significant number of 
advantages over the alternatives. The 
soundfield microphone uses a unique 
array of four sub-cardioid capsules 
mounted as closely as possible in a 
regular tetrahedron (Fig, . 3). They 
should be imagined as four receivers 
symmetrically disposed on the surface 
of a sphere and associated circuits are 
provided to compensate their practical 
spacing. 

The advaptages of this arrangement are 
asfollo~:-

e The four capsules are identical 
single-diaphragm cardioids of proven 
design. 
e They have individually a very good 
axial frequency response and the res­
ponse in other directions is regular 
when set up as sub-cardioids. This 
means that the polar patterns are well 
defined at all frequencies. . 
e Each of the four capsules contributes 
an equal component to each of the 
B-format signals thus allowing effective 
cancellation of endemic capsule varia-

* The author is presently setting up a repro· 
duction .system which reproduces height 
information, in accordance with system HHJ 
of the univ~rsal HJ surround sound encoding 
standards for Amb1sonic technology. 

leftward 

Fig. 4. Subtracting outputs shown 
produces horizontal patterns of 45°. 

tions from the ideal, particularly when 
the capsules are well matched as they 
are. 
e Arrangement of separating the. 
pressure and pressure-gradient com­
ponents into B-format allows each 
component to be compensated 
separately for frequency and phase res­
ponse. 
e Tetrahedral array used allows for 
capsule pairing along discrete axes 
which greatly facilitates testing and 
alignment. 
· e Closeness of the array allows com­
pensations to be applied to produce . 
B-format signal components effectively 
coincident up to about 10kHz. This 
contrasts vividly with conventional 
stereo microphones where capsule 
spacing restricts coincident signals up 
to about 1.5kHz. 

The capsule signals are known as 
A-format and correspond to discrete 
practice except that they are tilted 
upwards and downwards as shown in 
Fig. 3, to form the regular tetrahedron. 
The capsules are paired in the horizon­
tal plane as: left front up and right back 
up, right front down and left back down. · 
Examination of each of these pairs 
reveals that they are symmetrically 
tilted from the vertical so that if the 
output signals are subtracted within 

·each pair, the two opposing cardioid 
patterns produce figure-of-eight 
patterns whose axes lie along 45° 
horizontal diagonals shown in Fig. 4. 

The amplitude of the figure-of-eight 
patterns thus produced will be reduced 
from the value obtained if the capsule 
pairs were back-to-hack by cos <j>, where 
<!> is the angle of tilt of each capsule, 
(35.3°). 

If the two diagonal patterns are ad­
ded, a figure-of-eight pattern facing 
forward is produced, with an increase 
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in sensitivity of about 3dB (2 cos 45°). 
This correspond~ to 

Similarly a leftward figure-of-eight 
pattern is produced by subtracting the 
Rp-L8 figure-of-eight from .the Lp-R8 
one. This corresponds to 

Y=Lp-R8 -(RF-:-L8 ) 

or Y=LF-Rs-RF+L8 . {2) 

The derivation of an upward figure­
of-eight pattern is produced from cap­
sule pairs LF-L8 and R8 -RF which pro­
duce diagonal figure-of-eight patterns 
as shown in Fig. 5. This cprresponds to 

Z=LF-Ls+R8 -RF· (3) 

The pressure or omnidirectional 
component W is produced by adding the 
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Soundfield microphone 
Design and development of microphone and control unit 

"Ambisonics and surround sound 
technology based on psycho-acoustic 
theory form the nucleus of the design of -
the soundfield microphone. The complete 
design combines advanced acoustical, 
mechanical and electrical precision 
engineering in a revolutionary way. 
Recordings made with the microphone 
and reproduced through a minimum of 
loudspeakers produce images which are 
stable and uncoloured, while additional 
loudspeakers, which need not be full 
range, allow reproduction of valuable 
height and reverberant information. The 
soundfield microphone enables the 
recording engineer not only to record the 
total sound field and thus protect his 
recording from obsolescence, but to 
compare and dub to conventional forms, 
adjusting, panning and steering his 
synthesised, truly coincident 
"microphones" after the event , 

THE DEVELOPMENT -OF TIIE . NRDC 
Ambisonic technology for surround 
sound recording and reproduction is 
now well advanced and much has been 
published by those directly involved. 
Early attempts to supplement the rest­
rictive conventional stereophonic pre­
sentation by hasty additions of extra · 
rear channels in the so-called "quad­
raphonic" format have proved largely 
unsuccessful. Their particular inherent 
weaknesses include difficulties in pro­
ducing stable images from inter­
loudspeaker directions, and the en­
c~ding formulae of some systems 
exacerbates this problem further .. It has 
been dearly shown that using Ambi-, 
sonic technology, much better use can 
be made ·of extra loud speakers and 
channels, and that if only two channels 
are available, a decoding system may be 
employed which gives psycho-acoustic 
optimisation of the presentation in res­
pect of directionality and freedom from 
coloration or "phasiness." 

Background to microphone design 
The theoreticai analysis of surround 
sound psycho-acoustics into the 
mechanisms of human hearing· - - by· 
Gerzoni- argues that at low frequen­
cies below about 700Hz, where half a . 
wavelength corresponds to the distance 
between the ears, the information 
.reaching the brain is derived from the 
sum and difference of the inputs to the 
two ears. This corresponds at low 
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frequencies respectively to the pressure 
component of the sound-equivalent to 
an omni-directional microphone W -
,and the velocity (pressure gradient) 
component of the sound - equivalent to 
a sideways pointing velocity, figure-of­
eight microphone Y. As the head may be 
rotated, a forward pointing velocity, 
figure-of-eight pick-up is also require~ 
to determine direction X, Fi_g. 1. The 
vector sum of in-phase forward and 
sideways velocity (figure-of-eight) 
signals corresponds to the apparent 
sound direction according to Makita's 
theory of sound localization by the 
ears. . 

At frequencies between 700Hz and 
5kHz sound direction is detected by, 
signal energy and corresponds to an 
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"energy vector" being the addition of 
vector components pointing_ at each 
loudspeaker whose lengths correspond 
to the energy in that speaker. Above· 
5kHz the pinnae (flaps) of the ears. 
appear to offer directional information 
to the brain by differences in coloration 
they impose on the sound arriving in 
different directions. - ·· · 

Further it has been found that a lis­
tener's ability to localize direction isi · 
greatly assisted by moderately reverb­
:erant conditions especially where the 
reverberation is fairly uniformly dis­
tributed. To take advantage of this 
additional ambient directional informa-_ 
tion, it is necessary to record the 
reverberation accurately and reproduce 
it uniformly around the listener. The 
technique of restricting reverberation 

1to one ·channel with no directional in­
formation does not satisfy the .above 
criteria. Moreover, with current tech­
nology, artificial reverberation is also 
not satisfactory in this respect. 

To complete the soundfield symmetry 
a third velocity component whose axis 
lies in the vertical is required,correspon- · 
ding to an upward facing velocity of 
figure-of-eight microphone, Z. 

The above requirements of human 
directional hearing can be satisfied by 

Fig. 1. At low frequencies, direction is 
penceivedby pres$ure (w) and velocity 
(x, y) effects. 

Fig. 2. B-Format co-ordinates. 
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suitable processing of pressure and · 
velocity signal components using an· 
Ambisonic decoder such as that de­
scribed in references 4 and 7-9. A similar· 
decoder is used in the monitor/output 
section of the soundfield microphone 
control unit described later. More de­
tailed aspects of the soundfield 
microphone principle have been de­
scribed in references 11 and 13. 

Microphone acoustic system 
The complete parameters for the design 
of a microphone to capture the com­
plete soundfield may now be defined as 
follows. The four signals are known as 
B-format and soundfield signals 
should be recorded, stored and 
generally handled professionally in this 
form. (Fig .. 2). 

(Up) 

LF 
~ 

' ' " 

/ 

~/ 
LB 

(Down) 

/ 

(Up) 

RB 
f( 

RF 
(Down) 

Fig. 3. The four capsules mounted in 
tetrahedron. 
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W -pressure: omni-directional. 
X-pressure-gradient (velocity): for-

y ~~------~--~~~ 

ward fig.~of-eight. · · . 
Y -pressure-gradient (velocity): left­
ward fig.-of-eight. · 
Z-pressure-gradient (velocity); upward 
fig.-of-eight. ' · · 

The height component Z will probably 
not be used in reproduction commer­
cially in the immediate future although 
it is necessary to implement elevation 
and dominance controls post-session 
wh~n required and undoubtedly ex­
penmental reproduction systems will 
use it* 

The B-format signals are required to 
be truly coincident and to have good 
frequency response and well defined 
polar patterns at all frequencies. It was 
considered impractical to produce a 
microphone which generated B-format 
signals directly; moreover the method 
chosen has a significant number of 
advantages over the alternatives. The 
soundfield microphone uses a unique 
array of four sub-cardioid capsules 
mounted as closely as possible in a 
regular tetrahedron (Fig, . 3). They 
should be imagined as four receivers 
symmetrically disposed on the surface 
of a sphere and associated circuits are 
provided to compensate their practical 
spacing. 

The advaptages of this arrangement are 
asfollo~:-

e The four capsules are identical 
single-diaphragm cardioids of proven 
design. 
e They have individually a very good 
axial frequency response and the res­
ponse in other directions is regular 
when set up as sub-cardioids. This 
means that the polar patterns are well 
defined at all frequencies. . 
e Each of the four capsules contributes 
an equal component to each of the 
B-format signals thus allowing effective 
cancellation of endemic capsule varia-

* The author is presently setting up a repro· 
duction .system which reproduces height 
information, in accordance with system HHJ 
of the univ~rsal HJ surround sound encoding 
standards for Amb1sonic technology. 

leftward 

Fig. 4. Subtracting outputs shown 
produces horizontal patterns of 45°. 

tions from the ideal, particularly when 
the capsules are well matched as they 
are. 
e Arrangement of separating the. 
pressure and pressure-gradient com­
ponents into B-format allows each 
component to be compensated 
separately for frequency and phase res­
ponse. 
e Tetrahedral array used allows for 
capsule pairing along discrete axes 
which greatly facilitates testing and 
alignment. 
· e Closeness of the array allows com­
pensations to be applied to produce . 
B-format signal components effectively 
coincident up to about 10kHz. This 
contrasts vividly with conventional 
stereo microphones where capsule 
spacing restricts coincident signals up 
to about 1.5kHz. 

The capsule signals are known as 
A-format and correspond to discrete 
practice except that they are tilted 
upwards and downwards as shown in 
Fig. 3, to form the regular tetrahedron. 
The capsules are paired in the horizon­
tal plane as: left front up and right back 
up, right front down and left back down. · 
Examination of each of these pairs 
reveals that they are symmetrically 
tilted from the vertical so that if the 
output signals are subtracted within 

·each pair, the two opposing cardioid 
patterns produce figure-of-eight 
patterns whose axes lie along 45° 
horizontal diagonals shown in Fig. 4. 

The amplitude of the figure-of-eight 
patterns thus produced will be reduced 
from the value obtained if the capsule 
pairs were back-to-hack by cos <j>, where 
<!> is the angle of tilt of each capsule, 
(35.3°). 

If the two diagonal patterns are ad­
ded, a figure-of-eight pattern facing 
forward is produced, with an increase 
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in sensitivity of about 3dB (2 cos 45°). 
This correspond~ to 

Similarly a leftward figure-of-eight 
pattern is produced by subtracting the 
Rp-L8 figure-of-eight from .the Lp-R8 
one. This corresponds to 

Y=Lp-R8 -(RF-:-L8 ) 

or Y=LF-Rs-RF+L8 . {2) 

The derivation of an upward figure­
of-eight pattern is produced from cap­
sule pairs LF-L8 and R8 -RF which pro­
duce diagonal figure-of-eight patterns 
as shown in Fig. 5. This cprresponds to 

Z=LF-Ls+R8 -RF· (3) 

The pressure or omnidirectional 
component W is produced by adding the 
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Fig. 5. Vertical capsule pair outputs. 
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four capsule outputs in-phase so that 

If the microphone ·is to be used in­
verted e.g., suspended in a concert hall, 
it is necessary teteverse the phase of Y. 
and z onl~ X still points forwards and 
w remains omnidirectional. This cor-
responds to 

rhe above matrixing and normal/ 
inverted circuit are carried 

Fig. 6. Amplifiers in body of unit. 

Fig. 7. One of four identical amplifiers. 

Polarising 

Capsules 

• x7 (+17dB) 

out in the A-B matrix module in the 
control unit where 16 adjustments are 
provided allowing for variation~ in cap-· 
sule sensitivity. The correct ahgnment 
can only be carried out in anechoic 
conditions where the micropr._one is· 
rotated in the test field to observe sen-. 
sitivity and polar patterns of capsules, 
capsule pairs and finally B-format co­
ordinates. To this end, provision is made 
for muting each of the capsule A-format! 
signals individually at the input to the 
control unit. The A/B matrix module 
carries the serial number of the 
microphone to which it is. adjusted. 
· There is considerable difference be­
tween the sensitivity of the pressure­
gradient (velocity) components X, Y 
ari.d Z and that of the pressure com­
ponent W due to the following reasons. 
1. Capsule signals are added to produce 
Wbut subtracted to produce X, Y and.Z. 
2 The capsules are ·sub-cardioids, wtth 
p~lar response 2 + cos 6 appro~imately' 
not cardioids (1 + cos 6), whtch mcreases 
the pressure, W component. 
3. The tilt of the capsule pairs reduces 
diagonal velocity components and 
hence X, Y and Z signals. 
4. The three directional components .x. 
y and z of the pressure-gradient reqmre 
an additional 3dB to conform with the 
standardized B- format levels. (This sets 
the energy levels in X, Y and Z similar to 
that in W for average programme.) 

The pressure-gradient components X, 
y and Z require a total bo,ost of about 
13dB so that the B-format signals match 
correctly at frequencies where the 
wavelength is long compared to capsule 
and array dimensions e.g. 500Hz. At 
very low frequencies, W re<l:uires some 
boost since it is made up of stgnals from 
velocity type capsules which character­
istically do not have an extended l.f. 
response. . . 

At frequencies where capsule spa~mg 
compares with wavelength, eq~ahs~­
tion circuits take effect to mamtam 
apparent coincidence in B-format 
signals to about 10kHz. !he overall 
microphone performance ts extremely 
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Ken Farrar is managing director in charge 
of production and design at Calrec Audio, 
Hebden Bridge, West Yorkshire . He is one 
of the founders of Calrec and is co­
designer of the Calrec range of capacitor 
microphones and audio designer of Calrec 
mixing desks. He has spent the last year 
developing the sound field microphone 
and control unit . 

good to 20kHz beyo~d which the output 
is rolled off at 12dB/octave. 

All these equalization circuits are 
contained in the A-B matrix module. 

Microphone amplifiers 
The microphone body contains four 
identical head amplifiers mounted on 
two similar printed circuit cards, Fig. 6. 
Each amplifier consists of a field effect 
transistor low-noise pre-amplifier with 
a gain of + 11dB. The f.e.t. stage drives 
two operational amplifiers in an elec­
tronic balanced configuration effec­
tively adding a further + 6dB to _make 

· + 17d:Ef ( x 7) overall (Fig. 7) Each pre­
amplifier is phantom-powered along its . 
output balanced lines from the control 
unit, each supply being separately 
stabilised within the microphone. Each 
circuit contributes to the polarising of 
all four capsules so that any or all , 
circuits polarise all capsules. This 
arrangement together with the stabil­
ised supplies allows signal levels equi­
valent to 138dB s.p.l. at 1kHz to be 
handled before clipping occurs. The· 
capacitance of a full length ( 150 metres) 
of cable restricts the output to 134dB 
s.p.l. at 10kHz but this allows an 
adequate margin over normal loud pro­
gramme which rarely exceeds 11 OdB 
s.p.l. (130dB s.p.l. corresponds to a very 
loud sound). At 138dB s.p.l. the 
microphone outputs are about 8 volts 
r.m.s. ( + 20dBm approx). The 
microphone signal output level is, in· 
fact, about 5mV /microbar. 0 

To be continued. 

References . 
The references will appear in Part 2 of the 
article. 
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Radio for 2000 A.D. 
How the WARCs began: background to the Geneva world conference 

For ten weeks, from 24 September till 30 
November, government representatives 
from 1 54 countries are meeting in 
Geneva at a world conference organized 
by the International Telecommunication 
Union to re-plan the use of the radio 
spectrum. In particular the 2000 
delegates are revising, harmonizing and 
bringing up to date the 1500 pages of 
international regulations on radio 
services, and a large part of their task is 
to re-allocate frequencies to these various 
services. Decisions made by this World 
Administrative Radio Conference (WARC 
79)* will have the force of an 
international treaty and will set the 
pattern of ·radio use till the year 2000 or 
even later. The last conference with 
comparable powers was held in Geneva 
in 1959. This article sketches the history 
of the WARCs from the time they were 
started by a small incident at the turn of 
the century. 

IT'S 1\.~ FAR CRY 'from this year's 
WARC, with its 154 countries and 
immensely deliberate preparations, 
worked out iri great detail over several 
years, to the somewhat hastily con­
vened meeting· of only nine nations 
which started the whole series in 1903. 
This first conference, held in the 
Imperial Post Office in Berlin, was in 
fact triggered by an embarrassing in­
cideht on the high seas involving com­
mercial hostility and wounded feelings. 
It was at the time when radio was radio 

• telegraphy, using spark transmitterss 
for communication mainly between 

·ships and between ships and shore sta­
tions. The scene was dominated by two 
rival wireless systems, from Germany 
the Slaby-Arco-Braun system, operated 
by the Telefunken and AEG companies, 
and from Britain the Marconi system, 
developed and operated by the com­
pany of that name. Both were trying to 
capture world markets in wireless 
equipment. Apart from the straightfor­
ward business competition the principal 
cause of bad feelings was that the Mar­
coni Company had a policy of discou­
raging radio stations fitted with their 
system from communicating with other 
stations equipped with foreign installa­
tions. They felt that as they were the 
only company offering a complete 

"'See appendix for the agenda of the 
conference. 

ship-to-shore service they did not want 
to provide the rival organization with 
shore facilities for which it was not 
helping to pay the upkeep. . 

The whole business came to a head in 
1902 when Prince Heinrich of Prussia 
went on a visit to the USA and sailed for 
New York in the Kronprinz Wilhelm. 
This ship was fitted with Marconi 
apparatus and during the voyage the 
Prince was treated to a demonstration 
of the then new technique of tuning 
(called syntony in those days) and, more 
significantly, of communication with 
shore stations. But on the return trip to 
Germany Prince Heinrich sailed in the 
Deutschland which, although owned by 
the same shipping company, was fitted 
with the German Slaby-Arco-Braun 
wireless equipment . On the way out 
from New York the Prince wanted to 
send a courtesy message back to Pre­
sident Theodore Roosevelt but found 
that he was refused service because the 
apparatus on his ship was of different 
make from that of the (Marconi­
equipped) shore station at Nantucket. 

Heinrich, being both a prince and a 
Prussian, was not amused and, back in 
Germany, the incident was regarded as 
something of an insult. The refusal of 
service stung the Germans into calling 
for an international conference on 
wireless telegraphy, ostensibly for the 
reason that it was for the general good 
of mankind. This duly took place in 
August 1903 in Berlin and was attended 
by representatives of Germany, Aust­
ria, Spain, _USA, France, Great Britain, 
Hungary, Italy and Russia. The first 
proposition put up by the German 
government, not unexpectedly, was 
that "Radio-telegrams originating from 
and destined for ships shall be received 
and forwarded without regard to the 
system employed." A final agreed 
statement in similar terms was ratified 
by all the delegates except those of 
Britain and Italy, because these two 
countries were heavily committed to 
the Marconi system. (In fact Britain and 
Italy were not full signatories to the 
"final protocol" of the conference but 
made declarations merely as observers.) 

Going through channels 
From a technical point of view, a 
more significant decision reached by 
this first conference was that "The 
working or wireless telegraph stations 

must be organized, .as far as possible, in 
such a manner as not to interfere with 
the working of other stations." Obvious 
now, but at that time the. technique of 
tuning had only just been invented and 
the need for radio communication sys­
tems to work in separate channels, each 
defined by a strict band of frequencies, 
had not been fully appreciated. Thus 
began, in a simple way, the principle of 
regulating the use of the radio spectrum 
by international agreement. The con­
ference, known as the Preliminary 
Conference on Wireless Telegraphy, 
was in fact the first attempt to work out, 
as the French delegate put it, an "in­
teligent set of regulations" at a time 
when radio was still in its infancy. They 
became the basis for the international 
radio regulations that have existed ever 
since and are now being revised at 
WARC79. 

First I.R.C. 
The next world confe:r:ence took place 
also in Berlin, in 1906 and, because of 
the preliminary nature of the 1903 
gathering, was called the First Intern­
ational Radiotelegraph Conference. It 
was attended by 30 nations. This was 
closely modelled on the Convention of 
the International Telegraph Union of St 
Petersburg of 1875, which had proved 
successful. Accepted by the Berlin 
Radio Conference, it embodied the fun­
damental structure for all subsequent 
conferences. Annexed to the deci'sions 
made at the conference was a set of 
radio regulations which was also 
modelled on the telegraph regulations 
annexed to the Telegraph Convention. 
The Berlin Radiotelegraph Convention 
and the radio regulations went into 
effect on 1 July 1908 for "an indefinite 
period". 

The principal issue at the 1906 con­
ference, as it had been in 1903, was the· 
question of obligatory intercom­
munication between stations using dif­
ferent equipment. Thus, one of the 
noteworthy provisions of the Berlin ~ 
event was the obligation to connect the 
coast stations to the international 
telegraph service. Others were to give 
absolute priority to all distress 
messages, and to avoid radio inter­
ference as much as possible. The con­
ference also decided that the Bureau of 
the International Telegraph Union at 
Berne should act as the central admin-
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four capsule outputs in-phase so that 

If the microphone ·is to be used in­
verted e.g., suspended in a concert hall, 
it is necessary teteverse the phase of Y. 
and z onl~ X still points forwards and 
w remains omnidirectional. This cor-
responds to 

rhe above matrixing and normal/ 
inverted circuit are carried 

Fig. 6. Amplifiers in body of unit. 

Fig. 7. One of four identical amplifiers. 

Polarising 

Capsules 

• x7 (+17dB) 

out in the A-B matrix module in the 
control unit where 16 adjustments are 
provided allowing for variation~ in cap-· 
sule sensitivity. The correct ahgnment 
can only be carried out in anechoic 
conditions where the micropr._one is· 
rotated in the test field to observe sen-. 
sitivity and polar patterns of capsules, 
capsule pairs and finally B-format co­
ordinates. To this end, provision is made 
for muting each of the capsule A-format! 
signals individually at the input to the 
control unit. The A/B matrix module 
carries the serial number of the 
microphone to which it is. adjusted. 
· There is considerable difference be­
tween the sensitivity of the pressure­
gradient (velocity) components X, Y 
ari.d Z and that of the pressure com­
ponent W due to the following reasons. 
1. Capsule signals are added to produce 
Wbut subtracted to produce X, Y and.Z. 
2 The capsules are ·sub-cardioids, wtth 
p~lar response 2 + cos 6 appro~imately' 
not cardioids (1 + cos 6), whtch mcreases 
the pressure, W component. 
3. The tilt of the capsule pairs reduces 
diagonal velocity components and 
hence X, Y and Z signals. 
4. The three directional components .x. 
y and z of the pressure-gradient reqmre 
an additional 3dB to conform with the 
standardized B- format levels. (This sets 
the energy levels in X, Y and Z similar to 
that in W for average programme.) 

The pressure-gradient components X, 
y and Z require a total bo,ost of about 
13dB so that the B-format signals match 
correctly at frequencies where the 
wavelength is long compared to capsule 
and array dimensions e.g. 500Hz. At 
very low frequencies, W re<l:uires some 
boost since it is made up of stgnals from 
velocity type capsules which character­
istically do not have an extended l.f. 
response. . . 

At frequencies where capsule spa~mg 
compares with wavelength, eq~ahs~­
tion circuits take effect to mamtam 
apparent coincidence in B-format 
signals to about 10kHz. !he overall 
microphone performance ts extremely 

RF LF LB 

4 x balanced 
outputs in 
multicore cable 
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microphones and audio designer of Calrec 
mixing desks. He has spent the last year 
developing the sound field microphone 
and control unit . 

good to 20kHz beyo~d which the output 
is rolled off at 12dB/octave. 

All these equalization circuits are 
contained in the A-B matrix module. 

Microphone amplifiers 
The microphone body contains four 
identical head amplifiers mounted on 
two similar printed circuit cards, Fig. 6. 
Each amplifier consists of a field effect 
transistor low-noise pre-amplifier with 
a gain of + 11dB. The f.e.t. stage drives 
two operational amplifiers in an elec­
tronic balanced configuration effec­
tively adding a further + 6dB to _make 

· + 17d:Ef ( x 7) overall (Fig. 7) Each pre­
amplifier is phantom-powered along its . 
output balanced lines from the control 
unit, each supply being separately 
stabilised within the microphone. Each 
circuit contributes to the polarising of 
all four capsules so that any or all , 
circuits polarise all capsules. This 
arrangement together with the stabil­
ised supplies allows signal levels equi­
valent to 138dB s.p.l. at 1kHz to be 
handled before clipping occurs. The· 
capacitance of a full length ( 150 metres) 
of cable restricts the output to 134dB 
s.p.l. at 10kHz but this allows an 
adequate margin over normal loud pro­
gramme which rarely exceeds 11 OdB 
s.p.l. (130dB s.p.l. corresponds to a very 
loud sound). At 138dB s.p.l. the 
microphone outputs are about 8 volts 
r.m.s. ( + 20dBm approx). The 
microphone signal output level is, in· 
fact, about 5mV /microbar. 0 

To be continued. 

References . 
The references will appear in Part 2 of the 
article. 
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Radio for 2000 A.D. 
How the WARCs began: background to the Geneva world conference 

For ten weeks, from 24 September till 30 
November, government representatives 
from 1 54 countries are meeting in 
Geneva at a world conference organized 
by the International Telecommunication 
Union to re-plan the use of the radio 
spectrum. In particular the 2000 
delegates are revising, harmonizing and 
bringing up to date the 1500 pages of 
international regulations on radio 
services, and a large part of their task is 
to re-allocate frequencies to these various 
services. Decisions made by this World 
Administrative Radio Conference (WARC 
79)* will have the force of an 
international treaty and will set the 
pattern of ·radio use till the year 2000 or 
even later. The last conference with 
comparable powers was held in Geneva 
in 1959. This article sketches the history 
of the WARCs from the time they were 
started by a small incident at the turn of 
the century. 

IT'S 1\.~ FAR CRY 'from this year's 
WARC, with its 154 countries and 
immensely deliberate preparations, 
worked out iri great detail over several 
years, to the somewhat hastily con­
vened meeting· of only nine nations 
which started the whole series in 1903. 
This first conference, held in the 
Imperial Post Office in Berlin, was in 
fact triggered by an embarrassing in­
cideht on the high seas involving com­
mercial hostility and wounded feelings. 
It was at the time when radio was radio 

• telegraphy, using spark transmitterss 
for communication mainly between 

·ships and between ships and shore sta­
tions. The scene was dominated by two 
rival wireless systems, from Germany 
the Slaby-Arco-Braun system, operated 
by the Telefunken and AEG companies, 
and from Britain the Marconi system, 
developed and operated by the com­
pany of that name. Both were trying to 
capture world markets in wireless 
equipment. Apart from the straightfor­
ward business competition the principal 
cause of bad feelings was that the Mar­
coni Company had a policy of discou­
raging radio stations fitted with their 
system from communicating with other 
stations equipped with foreign installa­
tions. They felt that as they were the 
only company offering a complete 

"'See appendix for the agenda of the 
conference. 

ship-to-shore service they did not want 
to provide the rival organization with 
shore facilities for which it was not 
helping to pay the upkeep. . 

The whole business came to a head in 
1902 when Prince Heinrich of Prussia 
went on a visit to the USA and sailed for 
New York in the Kronprinz Wilhelm. 
This ship was fitted with Marconi 
apparatus and during the voyage the 
Prince was treated to a demonstration 
of the then new technique of tuning 
(called syntony in those days) and, more 
significantly, of communication with 
shore stations. But on the return trip to 
Germany Prince Heinrich sailed in the 
Deutschland which, although owned by 
the same shipping company, was fitted 
with the German Slaby-Arco-Braun 
wireless equipment . On the way out 
from New York the Prince wanted to 
send a courtesy message back to Pre­
sident Theodore Roosevelt but found 
that he was refused service because the 
apparatus on his ship was of different 
make from that of the (Marconi­
equipped) shore station at Nantucket. 

Heinrich, being both a prince and a 
Prussian, was not amused and, back in 
Germany, the incident was regarded as 
something of an insult. The refusal of 
service stung the Germans into calling 
for an international conference on 
wireless telegraphy, ostensibly for the 
reason that it was for the general good 
of mankind. This duly took place in 
August 1903 in Berlin and was attended 
by representatives of Germany, Aust­
ria, Spain, _USA, France, Great Britain, 
Hungary, Italy and Russia. The first 
proposition put up by the German 
government, not unexpectedly, was 
that "Radio-telegrams originating from 
and destined for ships shall be received 
and forwarded without regard to the 
system employed." A final agreed 
statement in similar terms was ratified 
by all the delegates except those of 
Britain and Italy, because these two 
countries were heavily committed to 
the Marconi system. (In fact Britain and 
Italy were not full signatories to the 
"final protocol" of the conference but 
made declarations merely as observers.) 

Going through channels 
From a technical point of view, a 
more significant decision reached by 
this first conference was that "The 
working or wireless telegraph stations 

must be organized, .as far as possible, in 
such a manner as not to interfere with 
the working of other stations." Obvious 
now, but at that time the. technique of 
tuning had only just been invented and 
the need for radio communication sys­
tems to work in separate channels, each 
defined by a strict band of frequencies, 
had not been fully appreciated. Thus 
began, in a simple way, the principle of 
regulating the use of the radio spectrum 
by international agreement. The con­
ference, known as the Preliminary 
Conference on Wireless Telegraphy, 
was in fact the first attempt to work out, 
as the French delegate put it, an "in­
teligent set of regulations" at a time 
when radio was still in its infancy. They 
became the basis for the international 
radio regulations that have existed ever 
since and are now being revised at 
WARC79. 

First I.R.C. 
The next world confe:r:ence took place 
also in Berlin, in 1906 and, because of 
the preliminary nature of the 1903 
gathering, was called the First Intern­
ational Radiotelegraph Conference. It 
was attended by 30 nations. This was 
closely modelled on the Convention of 
the International Telegraph Union of St 
Petersburg of 1875, which had proved 
successful. Accepted by the Berlin 
Radio Conference, it embodied the fun­
damental structure for all subsequent 
conferences. Annexed to the deci'sions 
made at the conference was a set of 
radio regulations which was also 
modelled on the telegraph regulations 
annexed to the Telegraph Convention. 
The Berlin Radiotelegraph Convention 
and the radio regulations went into 
effect on 1 July 1908 for "an indefinite 
period". 

The principal issue at the 1906 con­
ference, as it had been in 1903, was the· 
question of obligatory intercom­
munication between stations using dif­
ferent equipment. Thus, one of the 
noteworthy provisions of the Berlin ~ 
event was the obligation to connect the 
coast stations to the international 
telegraph service. Others were to give 
absolute priority to all distress 
messages, and to avoid radio inter­
ference as much as possible. The con­
ference also decided that the Bureau of 
the International Telegraph Union at 
Berne should act as the central admin-
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istrative organ of the radiotelegraph 
conferences.* · 

Questions of a more technical nature 
were the main work of this 1906 con­
ference, however, as well as of subse­
quent conferences. In particular it was 
concerned with the allocation of 
frequencies. Two wavelengths for pub­
lic correspondence in the maritime ser­
vices were established, and another was 
reserved for "services not open to public 
correspondence," meaning military and 
naval stations. In addition, details of all 
stations, such as their frequencies, call 
signs and radio systems, were to be sent 
to the Berne Bureau. Procedure for 
ship-to:shore (and vice-versa) radio 
communication was laid down, giving 
coast st;;ttions priority of transmission 
and the right to determine the order of 
receivip.g messages. Although the 
choice of radio apparatus was unrest­
ricted, technical standards were laid 
down with the proviso that apparatus 
should "keep pace with scientific and 
te<;:hnical progress". 

Sea-going wireless 
With the steady progress of radio 
technology, it became necessary to call a 
second radio conference, in London, in 
1912. Bythenthere were some 479 coast 
stations, 327 of which were for public 
use, and 2752 ship stations, of which 
1964 were open for public correspon­
dence while the others were mainly 
naval stations. Aircraft had come onto 
the scene and some had been fitted with 
radio, .but the conference considered it 
too early to take official action in this 
new sphere. Shipping dominated their 
thoughts for the conference opened 
only three months after the sinking of 
the Titanic, perhaps the worst maritime 
disaster to date. Safety at sea through 
radiocommunication became a major 
consideration. The British Postmaster­
General, in his opening address, said 
there was a pressing need for a "wider 
use of radiotelegraphy on the open sea 
and for the investigation of new 
methods to make it more effective ... " 
Obligatory communication between 
ships at sea was consecrated in a new 
article, although the installation of 
radio aboard all ships could not be 
ordered since it was considered that this 
would trespass on the internal jurisdic­
tion of individual countries. How­
ever, the conference imposed a system 
of safety watches aboard ships carrying 
radio. Allocation of frequencies again 
came up for revision, including those for 
the three new services of radio beacons, 
weather reports and time signals. Deci­
sions were also taken on the routing of 
tadio telegrams via ships and coast 
stations. 

By the time the next International 
Radiotelegraph Conference took place; 
in Washington in 1927, three important . 

*The forerunner of the International Telecom· 
munication Union which came into being at the 

13th International Telegraph Conference andlFie 
3rd International Radiotelegraph Conference 
which met simultaneously in Madrid in 1932. 

advances had been made in radio tech­
nology: sound broadcasting; radio in 
aircraft; and the extension of the 
frequency spectrum into the short wave 
bands of 3MHz and above. A new 
Radiotelegraph Convention was drawn 
up at the Washington conference, 
together with new general Radio 
Regulations and Additional Radio 
regulations. This new Convention in­
cluded "all radiocommunication sta­
tions established, or operated by the 
contracting Governments, open to the 
international service of public corres­
pondence," thus including any new 
public services which had been deve­
loped or could be developed later on. 
In addition, the scope was enlarged to 
include a large number of services not 
open to public correspondence and 
steps were taken to help eliminate in­
terference from and with other services 
and also with a . view to preserving the 
secrecy of radio communications. 

It was the 1927 \Vashington event 
that could be called the first truly· 
modern telecommunications con­
ference. Besides the 80 countries 
represented it included 64 private com­
panies, broadcasting organizations, and 
other international bodies interested in 
radio, all of which attended in a non­
voting capacity. Foremost among the 

decisions taken was that which created 
the International Radio Consultative 
Committee (CCIR) to "undertake the 
study of technical and other questions 
concerning (radio) communications". 
Another milestone was the drawing up 
of the first frequency allocation table. 

It also agreed at \Vashington to 
examine the question of combining the 
radiotelegraph and telegraph conven­
tions, and it was decided that the next 
radio telegraph conference would be 
held in Madrid in 1932, the same place 
and time scheduled for the next meeting 
of the Telegraph Union. The 13th In­
ternational Telegraph Conference and 
the 3rd International Radiotelegraph 
Conference which met simultaneously 
in Madrid in 1932 were two separate 
legal entities; but liaison was esta­
blished by the setting up of joint com­
mittees to consider common questions. 
The most important achievement of the 
Madrid conference of 1932 was the 
creation of a single convention con­
taining the general principles consid­
ered to be common to the telegraph, 
telephone and radio services. 

By this time of course broadcasting 
had become well established and short­
wave transmitters of small power were 
sending messages round the world. 
Radar had been invented, and in 1936 
aircraft were being tracked on a 
~cathode-ray tube at a distance of 
120km. In this year also there were 
regular television broadcasts from 
Britain and Germany, and the Olympic 
Games were televised from Berlin. The 
first public .video telephone service on 
coaxial cable was opened between Ber­
lin and Leipzig in same year and was 
extended to Munich in 1938. 
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. ,.'The 1938 Cairo Conference was 
mainly concerned with frequency allo­
cation and also insisted on higher tech­
nical standards for transmitters 
through improved frequency tolerance 
and bandwidth tables. It produced the 
first-ever allocation of radio channels 
for intercontinental air routes in the 
band 6.5 to 23.38MHz, which provided 
for existing and future services. In fact 
this was the first allocation ever made in 
anticipation of the future. The CCIR 
was charged to study "operating ques­
tions" as well as technical radio ques­
tions, and the interval between its 
meetings was reduced from five to three 
years. 

Post-war conference 
In the summer of -194/, some 1600 
delegates from 76 countries gathered in 
Atlantic City, at the invitation of the 
USA, for an ITU Plenipotentiary Con­
ference, together with an administ­
rative radio conference and an admin­
istrative high frequency broadcasting 
conference. These meetings attempted 
to bridge the gap caused by the second 
world war, for many of the old problems 
had changed because of technical pro­
gress in intervening years . since 1938 .. 
But the most important result of the 
Atlantic City event was the creation of 
the International Frequency Registra­
tion Board (IFRB) to deal with the 
notification and registration of 
frequencies in a master frequency list. 
Another important outcome was the 
formulation of an entirely new volume 
of the Radio Regulations to deal with 
the phenomenal expansion of radio. 

Modern times 
The main task of the last W ARC;· 

which opened in Geneva on 17 August 
1959 and lasted four months -perhaps 
the longest in the history of the ITU -
was to revise the Radio Regulations. 
This impressive document of 640 pages, 
with its 1632 paragraphs of regulations 
and 165 paragraphs of additional 
regulations, its 27 appendices, its 15 
resolutions and 37 recommendations, 
deals with an astonishingly wide range 
of radio subjects .. The most important is 
a table of frequency allocations from 
lOkHz to 40GHz in the three defined 
regions of the world, with their 26 dif­
ferent users of the radio spectrum. 
Much space is devoted to the notifi­
cation and registration of frequencies, 
there is a table of international call signs 
to identify radio stations,and the ad­
ministrative provisions and working 
conditions of mobile and fixed radio 
stations are also carefully defined. 
These and many other provisions, in­
cluding the order and priority of radio­
communications, radio direction- -
finding, navigation for aircraft and 
ships, amateur radio, as well as other 
regulations of a more technical nature, 
make the Radio Regulations one of the 
most valuable tools now available for 
international co-operation. 
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The 1959 conference brought ITU 
right into the space age, for the Rus­
sians had launched the first Sputnik in 
1957. In view of the rapid development 
in communication with space vehicles, 
the conference decided to convene an 
Extraordinary Administrative Radio 
Conference in 1963, "to examine the 
technical progress in the use of radio-. 
communication for space research and 
the results of technical studies by the 
CCIR ... " and to decide on "the allo­
cation of frequency bands essential for 
the various categories of space radio­
communication." Summing up the 
work of the 1959 conference in a speech 
at the closing meeting, its chairman, Mr 
C. J. Acton, predicted that there would 
be "an increase in tempo in th-e deve­
lopment and use of frequencies in the 
higher part of the radio spectrum. Some 
of these developments, for example the 
use of telecommunications relating to 
outer space, could be of worldwide 
significance". 

And now to \V ARC 79, which will be 
the largest gathering ever in the history· 
of the 114-year-old ITU. The results of 
its work in revising the Radio Regula- · 
tions and Additional Radio Regulations 
will not be known for some months, but 
in due course Wireless World will 
report, in particular on the re-allocation 
of frequencies to existing services - for 
example to short-wave broadcasting, 
where a big increase in its share of the 
spectrum is likely - and on the alloca­
tion ·of frequencies to possible new ser­
vices. 

Appendix: Agenda of W ARC 79 
The agenda for W ARC 79 is in the form of a 
resolution of the administrative council of 
the International Telecommunication Union. 
The ITU is a specialized agency of the United 
Nations for telecommunications. It was 
founded in 1865 to establish international 
regulations for telegraphy but later con-· 
cemed itself With telephony and finally radio. 
With 154 member countries, it has head­
quarters in Geneva which house its four 
permanent bodfes: the General Secretariat, 
the International Frequency Registration 
Board (IFRB), the International Radio Con­
sultative Committee (CCIR) and the Intern­
ational Telephone and Telegraph Consul­
tative Committee (CCITT). 

The resolution states that the agenda of 
the conference shall be (edited here to 
remove regulation numbers): 
e to review and, where necessary, revise the 
provisions of the Radio Regulations relating 
to terminology, the allocation of frequency 
bands and the directly associated regula­
tions. 
e to review and, where necessary, revise the 
provisions applicable to the co-ordination, 
notification and recording of frequency 
assignments except those Articles relating to 
a single service. 
• to review and, where necessary, revise.the 
other articles applicable to more than one 
service and provisions applicable to miscel­
laneous stations and services. 
e to make any necessary consequential 
editorial amendments to other provisions of 
the Radio Regulations and the Additional 
Radio Regulations resulting from the action 
taken under agenda items, above. 
e to review the report on the activity of the 
IFRB and revise, where necessary, the provi­
sions relating to its methods of work- and 
internal regula~ions. 
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e to study the technical aspects for the use 
of radiocommunications for marking, identi­
fying, locating and commt.micating with the 
means of medical transport protected under 
the 1949 Geneva Conventions and any 
additional instruments of thse Conventions . . 
e to take account of Resolution· No. Sat-10 
of the World Broadcasting-Satellite Admin­
istrative Radio Conference, Geneva 1977, on 
the possible re-arrangement of the Radio 
~egulations and Additional. Radio Regula­
twns, to make such consequential changes as 
may be necessary to harmonize the Radio 
Regulations as well as the Additional Radio 
Regulations and to undertake any further 
necessary refinement and deletion . of super­
fluous or redundant provisions. 

e to consider the proposals based on the 
' CCITT studies carried out in accordance 

with resolutions adapted as the World 
Maritime Administrative Radio Conference 
Geneva, 1974, on accounting for public cor-' 
respondence in maritime radiocommunica­
tions, and on interpretation of the provisions 
in the Radio Regulations affecting the public 
correspondence services and to take appro­
priate decisions. -

e to consider the resoluti'ons and the 
recommendations adopted by administrative 
radio conferences, to take such action as may 
be considered necessary and to adopt such 

new resolutions and recommendations as 
may be necessary. 

e . to propose to the Administrative Council 
and to the next Plenipotentiary Conference a 
programme for convening future administ­
rati~e radio conferences to deal with specific 
semces. 

e to provide, for the benefit of future ad­
ministrative radio conferences such 
gui?elines as may be found necess~ry for 
optimum use of the frequency spectrum. 

Tvvo-metre transceiver continued from page 47 

The modulated output from the 
transmitter is true f.m. and not p.m. 
(phase modulation) and all reception 
reports comment on the outstandingly 
good speech quality. 

/ ' 

Squelch unit 
Figure 4 shows the circuit of the muting 
unit which is mounted on a p.c.b. mea­
suring 3% X 2%in. The noise output is 
taken from pin 7 of the CA3089E and is 

Fig. 4. Squelch unit 

level 

(Control on front panel) 

R 
130 

fed via the panel operated squelch con­
trol, RI26• to wide band amplifier stages 
Tr26, Tr27 and to the noise detector Tr 
and the low~pass filter C147 , R136 and8 

C14s· The collector of Tr29 is. connected 
to the base of the first audio amplifier 
stage in the common output amplifier in 
the s.s.b. generator unit (Tr10 in Fig. 2). 
Tr29 operates as a switch remaining 
"open" while speech is present and 
"closed" during breaks in a received 

c, •• ;!; 

+12V 

From FM 
generator 
unit 

transmission when noise is present. Any 
required threshold level can be set by 
adjustment of R126, the squelch panel 
control. 

For components list see page 56. 

The author is indebted to R. Ray, 
G8CUB and the article "A practical 
phase-locked loop for 2 metres", Radio 
Communication, October 1974 for the 
i~itial information on the MC4044P. 
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5. Teal, G.S.M., Parasitic oscillations in v.h.f. 
power amplifiers, Mullard Technical Com­
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gam prediCtion for v.h.f. Class B amplifier 
transistors, Mullard Technical Communica­
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istrative organ of the radiotelegraph 
conferences.* · 

Questions of a more technical nature 
were the main work of this 1906 con­
ference, however, as well as of subse­
quent conferences. In particular it was 
concerned with the allocation of 
frequencies. Two wavelengths for pub­
lic correspondence in the maritime ser­
vices were established, and another was 
reserved for "services not open to public 
correspondence," meaning military and 
naval stations. In addition, details of all 
stations, such as their frequencies, call 
signs and radio systems, were to be sent 
to the Berne Bureau. Procedure for 
ship-to:shore (and vice-versa) radio 
communication was laid down, giving 
coast st;;ttions priority of transmission 
and the right to determine the order of 
receivip.g messages. Although the 
choice of radio apparatus was unrest­
ricted, technical standards were laid 
down with the proviso that apparatus 
should "keep pace with scientific and 
te<;:hnical progress". 

Sea-going wireless 
With the steady progress of radio 
technology, it became necessary to call a 
second radio conference, in London, in 
1912. Bythenthere were some 479 coast 
stations, 327 of which were for public 
use, and 2752 ship stations, of which 
1964 were open for public correspon­
dence while the others were mainly 
naval stations. Aircraft had come onto 
the scene and some had been fitted with 
radio, .but the conference considered it 
too early to take official action in this 
new sphere. Shipping dominated their 
thoughts for the conference opened 
only three months after the sinking of 
the Titanic, perhaps the worst maritime 
disaster to date. Safety at sea through 
radiocommunication became a major 
consideration. The British Postmaster­
General, in his opening address, said 
there was a pressing need for a "wider 
use of radiotelegraphy on the open sea 
and for the investigation of new 
methods to make it more effective ... " 
Obligatory communication between 
ships at sea was consecrated in a new 
article, although the installation of 
radio aboard all ships could not be 
ordered since it was considered that this 
would trespass on the internal jurisdic­
tion of individual countries. How­
ever, the conference imposed a system 
of safety watches aboard ships carrying 
radio. Allocation of frequencies again 
came up for revision, including those for 
the three new services of radio beacons, 
weather reports and time signals. Deci­
sions were also taken on the routing of 
tadio telegrams via ships and coast 
stations. 

By the time the next International 
Radiotelegraph Conference took place; 
in Washington in 1927, three important . 

*The forerunner of the International Telecom· 
munication Union which came into being at the 

13th International Telegraph Conference andlFie 
3rd International Radiotelegraph Conference 
which met simultaneously in Madrid in 1932. 

advances had been made in radio tech­
nology: sound broadcasting; radio in 
aircraft; and the extension of the 
frequency spectrum into the short wave 
bands of 3MHz and above. A new 
Radiotelegraph Convention was drawn 
up at the Washington conference, 
together with new general Radio 
Regulations and Additional Radio 
regulations. This new Convention in­
cluded "all radiocommunication sta­
tions established, or operated by the 
contracting Governments, open to the 
international service of public corres­
pondence," thus including any new 
public services which had been deve­
loped or could be developed later on. 
In addition, the scope was enlarged to 
include a large number of services not 
open to public correspondence and 
steps were taken to help eliminate in­
terference from and with other services 
and also with a . view to preserving the 
secrecy of radio communications. 

It was the 1927 \Vashington event 
that could be called the first truly· 
modern telecommunications con­
ference. Besides the 80 countries 
represented it included 64 private com­
panies, broadcasting organizations, and 
other international bodies interested in 
radio, all of which attended in a non­
voting capacity. Foremost among the 

decisions taken was that which created 
the International Radio Consultative 
Committee (CCIR) to "undertake the 
study of technical and other questions 
concerning (radio) communications". 
Another milestone was the drawing up 
of the first frequency allocation table. 

It also agreed at \Vashington to 
examine the question of combining the 
radiotelegraph and telegraph conven­
tions, and it was decided that the next 
radio telegraph conference would be 
held in Madrid in 1932, the same place 
and time scheduled for the next meeting 
of the Telegraph Union. The 13th In­
ternational Telegraph Conference and 
the 3rd International Radiotelegraph 
Conference which met simultaneously 
in Madrid in 1932 were two separate 
legal entities; but liaison was esta­
blished by the setting up of joint com­
mittees to consider common questions. 
The most important achievement of the 
Madrid conference of 1932 was the 
creation of a single convention con­
taining the general principles consid­
ered to be common to the telegraph, 
telephone and radio services. 

By this time of course broadcasting 
had become well established and short­
wave transmitters of small power were 
sending messages round the world. 
Radar had been invented, and in 1936 
aircraft were being tracked on a 
~cathode-ray tube at a distance of 
120km. In this year also there were 
regular television broadcasts from 
Britain and Germany, and the Olympic 
Games were televised from Berlin. The 
first public .video telephone service on 
coaxial cable was opened between Ber­
lin and Leipzig in same year and was 
extended to Munich in 1938. 
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. ,.'The 1938 Cairo Conference was 
mainly concerned with frequency allo­
cation and also insisted on higher tech­
nical standards for transmitters 
through improved frequency tolerance 
and bandwidth tables. It produced the 
first-ever allocation of radio channels 
for intercontinental air routes in the 
band 6.5 to 23.38MHz, which provided 
for existing and future services. In fact 
this was the first allocation ever made in 
anticipation of the future. The CCIR 
was charged to study "operating ques­
tions" as well as technical radio ques­
tions, and the interval between its 
meetings was reduced from five to three 
years. 

Post-war conference 
In the summer of -194/, some 1600 
delegates from 76 countries gathered in 
Atlantic City, at the invitation of the 
USA, for an ITU Plenipotentiary Con­
ference, together with an administ­
rative radio conference and an admin­
istrative high frequency broadcasting 
conference. These meetings attempted 
to bridge the gap caused by the second 
world war, for many of the old problems 
had changed because of technical pro­
gress in intervening years . since 1938 .. 
But the most important result of the 
Atlantic City event was the creation of 
the International Frequency Registra­
tion Board (IFRB) to deal with the 
notification and registration of 
frequencies in a master frequency list. 
Another important outcome was the 
formulation of an entirely new volume 
of the Radio Regulations to deal with 
the phenomenal expansion of radio. 

Modern times 
The main task of the last W ARC;· 

which opened in Geneva on 17 August 
1959 and lasted four months -perhaps 
the longest in the history of the ITU -
was to revise the Radio Regulations. 
This impressive document of 640 pages, 
with its 1632 paragraphs of regulations 
and 165 paragraphs of additional 
regulations, its 27 appendices, its 15 
resolutions and 37 recommendations, 
deals with an astonishingly wide range 
of radio subjects .. The most important is 
a table of frequency allocations from 
lOkHz to 40GHz in the three defined 
regions of the world, with their 26 dif­
ferent users of the radio spectrum. 
Much space is devoted to the notifi­
cation and registration of frequencies, 
there is a table of international call signs 
to identify radio stations,and the ad­
ministrative provisions and working 
conditions of mobile and fixed radio 
stations are also carefully defined. 
These and many other provisions, in­
cluding the order and priority of radio­
communications, radio direction- -
finding, navigation for aircraft and 
ships, amateur radio, as well as other 
regulations of a more technical nature, 
make the Radio Regulations one of the 
most valuable tools now available for 
international co-operation. 
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The 1959 conference brought ITU 
right into the space age, for the Rus­
sians had launched the first Sputnik in 
1957. In view of the rapid development 
in communication with space vehicles, 
the conference decided to convene an 
Extraordinary Administrative Radio 
Conference in 1963, "to examine the 
technical progress in the use of radio-. 
communication for space research and 
the results of technical studies by the 
CCIR ... " and to decide on "the allo­
cation of frequency bands essential for 
the various categories of space radio­
communication." Summing up the 
work of the 1959 conference in a speech 
at the closing meeting, its chairman, Mr 
C. J. Acton, predicted that there would 
be "an increase in tempo in th-e deve­
lopment and use of frequencies in the 
higher part of the radio spectrum. Some 
of these developments, for example the 
use of telecommunications relating to 
outer space, could be of worldwide 
significance". 

And now to \V ARC 79, which will be 
the largest gathering ever in the history· 
of the 114-year-old ITU. The results of 
its work in revising the Radio Regula- · 
tions and Additional Radio Regulations 
will not be known for some months, but 
in due course Wireless World will 
report, in particular on the re-allocation 
of frequencies to existing services - for 
example to short-wave broadcasting, 
where a big increase in its share of the 
spectrum is likely - and on the alloca­
tion ·of frequencies to possible new ser­
vices. 

Appendix: Agenda of W ARC 79 
The agenda for W ARC 79 is in the form of a 
resolution of the administrative council of 
the International Telecommunication Union. 
The ITU is a specialized agency of the United 
Nations for telecommunications. It was 
founded in 1865 to establish international 
regulations for telegraphy but later con-· 
cemed itself With telephony and finally radio. 
With 154 member countries, it has head­
quarters in Geneva which house its four 
permanent bodfes: the General Secretariat, 
the International Frequency Registration 
Board (IFRB), the International Radio Con­
sultative Committee (CCIR) and the Intern­
ational Telephone and Telegraph Consul­
tative Committee (CCITT). 

The resolution states that the agenda of 
the conference shall be (edited here to 
remove regulation numbers): 
e to review and, where necessary, revise the 
provisions of the Radio Regulations relating 
to terminology, the allocation of frequency 
bands and the directly associated regula­
tions. 
e to review and, where necessary, revise the 
provisions applicable to the co-ordination, 
notification and recording of frequency 
assignments except those Articles relating to 
a single service. 
• to review and, where necessary, revise.the 
other articles applicable to more than one 
service and provisions applicable to miscel­
laneous stations and services. 
e to make any necessary consequential 
editorial amendments to other provisions of 
the Radio Regulations and the Additional 
Radio Regulations resulting from the action 
taken under agenda items, above. 
e to review the report on the activity of the 
IFRB and revise, where necessary, the provi­
sions relating to its methods of work- and 
internal regula~ions. 
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e to study the technical aspects for the use 
of radiocommunications for marking, identi­
fying, locating and commt.micating with the 
means of medical transport protected under 
the 1949 Geneva Conventions and any 
additional instruments of thse Conventions . . 
e to take account of Resolution· No. Sat-10 
of the World Broadcasting-Satellite Admin­
istrative Radio Conference, Geneva 1977, on 
the possible re-arrangement of the Radio 
~egulations and Additional. Radio Regula­
twns, to make such consequential changes as 
may be necessary to harmonize the Radio 
Regulations as well as the Additional Radio 
Regulations and to undertake any further 
necessary refinement and deletion . of super­
fluous or redundant provisions. 

e to consider the proposals based on the 
' CCITT studies carried out in accordance 

with resolutions adapted as the World 
Maritime Administrative Radio Conference 
Geneva, 1974, on accounting for public cor-' 
respondence in maritime radiocommunica­
tions, and on interpretation of the provisions 
in the Radio Regulations affecting the public 
correspondence services and to take appro­
priate decisions. -

e to consider the resoluti'ons and the 
recommendations adopted by administrative 
radio conferences, to take such action as may 
be considered necessary and to adopt such 

new resolutions and recommendations as 
may be necessary. 

e . to propose to the Administrative Council 
and to the next Plenipotentiary Conference a 
programme for convening future administ­
rati~e radio conferences to deal with specific 
semces. 

e to provide, for the benefit of future ad­
ministrative radio conferences such 
gui?elines as may be found necess~ry for 
optimum use of the frequency spectrum. 

Tvvo-metre transceiver continued from page 47 

The modulated output from the 
transmitter is true f.m. and not p.m. 
(phase modulation) and all reception 
reports comment on the outstandingly 
good speech quality. 

/ ' 

Squelch unit 
Figure 4 shows the circuit of the muting 
unit which is mounted on a p.c.b. mea­
suring 3% X 2%in. The noise output is 
taken from pin 7 of the CA3089E and is 

Fig. 4. Squelch unit 

level 

(Control on front panel) 

R 
130 

fed via the panel operated squelch con­
trol, RI26• to wide band amplifier stages 
Tr26, Tr27 and to the noise detector Tr 
and the low~pass filter C147 , R136 and8 

C14s· The collector of Tr29 is. connected 
to the base of the first audio amplifier 
stage in the common output amplifier in 
the s.s.b. generator unit (Tr10 in Fig. 2). 
Tr29 operates as a switch remaining 
"open" while speech is present and 
"closed" during breaks in a received 

c, •• ;!; 

+12V 

From FM 
generator 
unit 

transmission when noise is present. Any 
required threshold level can be set by 
adjustment of R126, the squelch panel 
control. 

For components list see page 56. 

The author is indebted to R. Ray, 
G8CUB and the article "A practical 
phase-locked loop for 2 metres", Radio 
Communication, October 1974 for the 
i~itial information on the MC4044P. 

References: 
1. Thornley, G.R.B., G2DAF, single sideband 
transmission, Chapter 10 , Radio Com­
munication Handbook, R.S.G.B. 
2. Phase-frequency detector MC4044P 
Application Note, Motorola. ' 

3. Linear integrated circuits Application 
Note, CA3089E FM-IF Subsystems, R.C.A. 

4. RCA m.o.s. field-effect transistor. 40673 
Data Sheets, File No. 381, RCA. 
5. Teal, G.S.M., Parasitic oscillations in v.h.f. 
power amplifiers, Mullard Technical Com­
munications No. 90 November 1967. 
6. !ansso~, L.E .. and Thompson, R.K., power 
gam prediCtion for v.h.f. Class B amplifier 
transistors, Mullard Technical Communica­
tions No. 90 November 1967. 
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To cut ·Or spread-Home Office 
studies mobile radio techniques 
Two completely opposite ways of making 
more efficient use of the frequency bands 
available for mobile radio are now being 
considered by the Home Office's directorate 
of radio technology. One is single-sideband 
operation, in which the bandwidth require­
ment is reduced theoretically by half; the 
other is spread-spectrum operation, in which 
a very much greater amount of frequency 
space is used but the signal/noise ratio can be 
verylow. _ 

may give better utilization of a multiplexed 
communications channel. (See August 1978 
issue, p. 50, for a report on work by the 
University of Bath and earlier references.) 
Typically, it uses a pseudo-random subcar­
rier, modulated by the baseband informati?n, 
which produces a noise-like signal occupymg 
a wide band of frequencies. This can be 
transmitted directly or rriay go through 
further modulation processes. As a result of 
the wide bandwidth of the transmitted signal 
it is possible to operate with signal/noise 

ratios of less than unity. (In some applica­
tions this means that the signal can be 
protected from interception and, of course, 
the large amount of frequency spectrum 
occupied by the signal makes jamming diffi­
cult.) At the receiving end the randomized 
signal is recovered by cross-correlation with 
a locally generated pseudo-random sequence 
corresponding to the transmitted sequence. 
To make this possible, of course, the local 
sequence has to be synchronized with the 
received sequence. Investigations into the feasibility of s.s.b. 

fo.r mobile radio have been going on in 
several research ceritres, and in our June 1979 
issue, p. 96, we reported on demonstrations 
by Philips Research Laboratories and Pye 
Telecommunications. Now the Home Office 
has stated its intention to start trials next 
year in which s.s.b. with 5kHz channel 
spacing will be compared with f.m. in 25kHz 
channels and with a.m. or f.m. in 12.5kHz 
channel~. They say that investigations have 
arrived at a &tage where field trials will be 
useful but that this does not imply any 
commitment by them to s.s.b. 

Broadcast-quality lincompex 

Another option, spread spectrum signal­
ling, is being studied at Leeds University on a 
grant from the Home Office. This technique 
allows a spread-spectrum transmission to 
share a channel with other types of trans­
mission, e.g. television broadcasting, and 

Standard Telephones and Cables Ltd claim to 
have introduced the world's first system 
which will overcome fading and interference 

· on high frequency radio links to a standard 
acceptable to broadcast operators. During . 
transmissions, received signal levels can 
change rapidily due, among other things, to 
multipath propagation, presenting problems 
to the broadcast engineer. STC's new system 
is claimed to eliminate these problems and 
also reduce the noise and interference 
accompanying the signal. The system, called 
radio-relay lincompex (linked compressor 
and expander), is based on the conventional 

The Appleton and Rutherford 
laboratories merger-SRC chairman 
In November 1976 the Science Research 
Council decided to set up a working party to i 

look into the future of the Appleton 
Laboratory because for some time there had 
been concern about the problems of pro­
viding proper support for the national space 
science programme required for the 1980's 
from the relatively limited resources avail­
able at Appleton. This was made worse 
because at the same time the Engineering 
Board was seeking to increase the amount 
and the scope of work in radio propagation 
and communications systems. Based on the 
working party's report, which was presented 
in July 1978, further information supplied 
afterwards and the views of the SRC staff, 
the Council decided in October 1978 that the 
Appleton and Rutherford Laboratories 
should be brought together under commmon 
management. It was also decided that the 
Ditton Park (Appleton Laboratory) site 
should be closed and as much work as pos­
sible transferred from there to the Chilton . 
(Rutherford Laboratory) site. 

The SRC chairman. Professor Geoffrey 
Allen. said in a SRC Bulletin, June 1979, that 
the final decision was principally influenced 
by the advantages that were seen to be 
o'btainable for the major scientific pro­
grammes in space and communications on 
which the Council expect to be engaged over 

the next decade. The UK, he said, was at a 
turning point in its space research pro­
grammes and there was already a growing 
demand for experiments to be conducted 
from space. If the UK was to remain a major 
force in space science, he said, the SRC had to 
have the capability to manage the develop­
ment of complex projects, especially if it was 
to exploit the new launching systems that 
would soon be available outside the UK. By 
combining the experience and expertise of 
the two laboratories the Council believed 
that it could create a team that could call on 
the resources required to provide a strong 
focus for the support of space research in the 
UK. 

The Council did consider whether it would 
be possible to achieve the same result with­
out moving the teams onto one site, but they 
eventually came to the conclusion that this 
was not practical. It has been decided that 
the Appleton Astrophysics Research Divi­
sion from Culham will move to the Chilton 
site in October 1980, and the UK team on the 
Infra Red Astonomical Satellite during the 
same year. However. the majority of the 
work on the Ditton Park site will not be 
moved to Chilton for about two years be­
cause accommodation is not yet ready for 
them. 

communications lincompex which was first 
introduced in the late 'sixties. 

The equipment, which is intended for 
point-to-point transmission over a 6kHz 
audio channel, has been designed to conform 
generally to British Broadcasting Corpora­
tion specifications and, like the conventional 
lincompex, it consists of a transmit unit and a 
receive unit. Programme m~terial is fed from 
a, studio through the transmit unit and into 
the transmitter. At the other end of the link, 
the receiver passes the signal to the receive 
unit which feeds the reconstituted pro­
gramme material to the radio station trans­
mitter for broadcasting. Accordihg to STC, 
the signal quality with the new system is high 
enough for it to compare with reception from 
a landline link or local transmitter. With 
radio-relay lincompex, they say, it is possible 
to use lower power transmitters for the 
studio to broadcast station link, and the 
transmitter's range can also be increased. 

Although the communications lincompex 
was put to the test by the BBC in about 1968, 
it was used only rarely and, according to a 
BBC spokesman, is not used at all now. The 
new radio-relay lincompex has been designed 
for use between main radio stations' studios 
and local broadcast transmitters or distant 
studios and main broadcasting stations, but 
it remains to be seen whether the BBC or the 
IBA will use it. STC say, however, that the 
new equipment has been used by export 
customers and has proved to comply with the 
BBC specifications. 

large PO orders for 
Redlfon 
A recent order for Redifon Telecommunica­
tions Ltd to supply racking for a Post Office 
radio paging contract has brought the total 
value of orders in the contract to close on 
£1 ,500,000. Each six-foot rack will carry two 
transmitters and control unit, a power supply 
unit. aerial changeover relay, alarm and 
telephone units . An earlier order in the 
contract was for Redifon's PT2100 v.h.f. 100 
watt transmitters. The equipment is to be 
used in the staged nationwide extension of 
PO radio paging. 
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.News in brief 

A symposium on 'Instrumentation in poten­
tially explosive atmospheres' will be held at 
the London Press Centre, London EC4, on 
October 9 and 10. The event is being jointly 
sponsored by Sira Institute Ltd, GAMBICA 
(the Group of Associations of Manufacturers 
of British Instrumen~ation , Control and 
Automation) and CBMPE. The aim of the 
programme is to promote an understanding 
of the implications of present international 
standards and codes of practice relating to 
electrical instrumentation, and to explain 
and to encourage c.onstructive discussion on 
technical trends requiring the generation of 
future standards. Further information can be 
obtained from Mrs R. G. Keiller, Sira In­
stitute, South Hill, Chislehurst, Kent BR 7 
.5EH. 

Ceefax and the . deaf 
-experimental service 

Crellon Electronics Ltd have announced that 
they have signed a distribution agreement 
with Utronix who are major sUppliers of 
opto-electronic components in Europe and . 
the UK. Crellon say that this new franchise 
complements their existing raQ.ge and they 
estimate that in the next twelve months it 
will be worth over £250,000 to them. 

The potential of teletext as a method of 
increasing the usefulness of television pro­
grammes to people with impaired hearing 
was demonstrated nationally on BBC-1 on 
September 2 for the first time, anywhere. ' 

Viewers with teletext decoders will see 
"subtitles" or captions, written to comple­
ment a film "Quietly in Switzerland", while 
those without decoders will not, of course, be 
distracted by the captions. Following this 

· first transmission, a series of panel games will 
be captioned, having been selected for the 
treatment because of the small number of 
captions needed to exptain the game, 
"Blankety -blank". 

The BBC say that the timing of inserted 
information must be accurate to within one 
sixth of a second, which means that at the · 
current rate of teletext data transmission 
(0.25s/page) it will be necessary to interrupt 

normal page 'transmissions to synchronize 
capt10ns with pictures. The effect on normal 
teletext transmissions will be an increase in 
access time of less than 5%. 

The idea of using teletext for captions on 
live, unscripted transmission is brought no 
nearer by the system' to be used, in which 
captions are held in the Ceefax computer 
store for rapid access. But the BBC, in colla­
boration with Leicester Polytechnic, is ex­
pertmenting with the~ use of the Palantype 
shorthand system, and has des igned a 
Palantype keyboard whose output is pro­
cessed by the Leicester computer to give a 
promising quality of characters. 

Peter Rosier or Bob Dutson at the BBC(01 -
743 8000) would be happy to give advice . on 
'the facility, while those with decoders simply 
dial page 170 on BBC-1 for the panel game 
captions. 

Papers on original work relating to research, 
. development or use of non-chemical power 

sources, such as fuel cells, solar ce lls, 
thermo-electric and thermionic generators, 
are invited for the 12th International Power 
Sources Symposium which will be held at the 
Hotel Metropole, ·Brighton, England, from 
September 15 to 18, 1980. Further informa­
tion may be obtained from the International 
Power Sources Symposium Committee, P.O. 
Box 17, Leatherhead, Surrey, KT22 9QB. 

Weed control by mic;rowa•es 
According to a report from Sydney, Austra­
lian researchers are experimenting with 
microwave weed control techniques in an 
effort to reduce the use of toxic herbicides. 
The engineers and biologists, ;1t Deakin 
University, Geelong, Victoria, are carrying 
out a one-year project to see whether some 
common weeds have a chemical composition 
which will react to ves in a different 

Data commu•lcatio s 
front-line . troops . · 

Front-line troops depend oh good radio Fnr--4., a message passed over a v.h.f. 
communications, but often electrically-noisy li~ords per minute will occupy the 
environments make ·voice communication communications circuit for less than one-
unreliable a n d t ime consuming. In an twentieth of the time required using voice . 
attempt to overcome. this problem, Racal- communications over the same network, 
Datacom Ltd have introduced a new, high- according to Racal. An operator can enter 
speed, burst data communications device and store messages of up to 1000 characters 
which, when used with existing tactical voice in length on a 32-character keyboard, as 
circuits, provides efficient communications shown in the accompanying illustration, 
in these conditions. The unit, called Merod ready for transmission or alteration using the 
(Message entry and read out device), has built-in editing facilities. · 
been designed specifically for use by front ­
line troops and can . either be vehicle-

. mounted or carried with a man pack radio. A 
number of optional inbuilt modems enable 
Merod to be used with all u.h.f., v.h.f. or h.f. 
combat radio networks. · 

To provide an extremely high error pro­
tection the device uses cyclic block code and 
bit interleaving techniques, together witli 
synchronous transmission. Racal·claims that 
for an average 3dB signal-t o-noise ratio, 
which is below the limit for reliable, clear 
voice communication by radio, all t ransmis­
sion errors are corrected with a greater-than 
99 per cent level of confidence. Burst trans­
mission, at the maximum data rate allowed 
by the communication system with which 
Merod is used, in addition to increasing . the 
security of the communications by making 
message interception more difficult, enables 
valuable air-time to be used more efficiently. 

Cemmunic ... s '10 
el»nference and 
exhibition 
The lEE is organising an international con­
ference as part of the Communications '80 
exhibition which is to be held at the National 
Exhibition Centre, Birmingham, England, 
from April 15 to 18, 1980. The conference will 
be held at the Metropole Hotel on the NEC 
site and will cover . three themes: public 
telecommunications, business commi.mica­
tions systems, and civil radio and emergency · 
communications . Papers will cover en­
gineering, user and operating interests and 
factors likely to affect overall strategy in 
each theme area. 

way from crops. If this is so they believe 
microwaves could then be used to control the 
weeds, leaving the crop unaffected. 

The leader of the project, Dr Van Nguyen 
Tran, a Vietnamese-born senior lecturer in 
the university's Electrical Engineering Divi­
sion, said that the research followed the 
successful use of microwave techniques in 
drying ~~md in assisting the germination of 
different types of seeds. Dr Tran said that 
they had found some types of seeds 'with 
which they had worked, particularly aGacia 
,seeds, had characteristics which could be 
affected by microwaves. 

Deathof ·~ 
John Scot~gart 
On. e o.f Wi~. eless w.,-l·irst contributors, 
John Scott-Taggart, . ., F.inst. P., has 
died at the age of 82. ott-Taggart, who 
was born fn Bolton, wa ell-known inno-
vator and writer on radio since the early 
years. His interest in the subject started 
when he studied radio as a hobby in 1912 and 
his first article appeared in Wireless World in 
December 1914. · 

During the First World War he was an 
instructor to the First Army a~n n 1917 he 
published a series of thirteen ticles on 
valves. He obtained thirty p nts from 
about 1918 and in 1922 found~e Radio 
Press which published Modern ' ss and 
Wireless Weekly . In t he 19 . a t least 
100,000 amateurs built radio sets using his 
ST100 design, according to one r~rt. 

During the Second World War, Mr Scott­
Taggart was a Wing Commander responsible 
~or the majority of the radar grou~ations 
m England and Wales, and the ing of 
their personnel. After this war he ed the 
Admiralty Signal and Radar Establishment , 
and retired in 1959. In 1963 the Italian Pre­
sident made h im a Knight Officer of the 
Order "AI Merito della Republica · It aliana," 
and in 1975 he was given an OBE for his 
"services to radio engineering". 
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To cut ·Or spread-Home Office 
studies mobile radio techniques 
Two completely opposite ways of making 
more efficient use of the frequency bands 
available for mobile radio are now being 
considered by the Home Office's directorate 
of radio technology. One is single-sideband 
operation, in which the bandwidth require­
ment is reduced theoretically by half; the 
other is spread-spectrum operation, in which 
a very much greater amount of frequency 
space is used but the signal/noise ratio can be 
verylow. _ 

may give better utilization of a multiplexed 
communications channel. (See August 1978 
issue, p. 50, for a report on work by the 
University of Bath and earlier references.) 
Typically, it uses a pseudo-random subcar­
rier, modulated by the baseband informati?n, 
which produces a noise-like signal occupymg 
a wide band of frequencies. This can be 
transmitted directly or rriay go through 
further modulation processes. As a result of 
the wide bandwidth of the transmitted signal 
it is possible to operate with signal/noise 

ratios of less than unity. (In some applica­
tions this means that the signal can be 
protected from interception and, of course, 
the large amount of frequency spectrum 
occupied by the signal makes jamming diffi­
cult.) At the receiving end the randomized 
signal is recovered by cross-correlation with 
a locally generated pseudo-random sequence 
corresponding to the transmitted sequence. 
To make this possible, of course, the local 
sequence has to be synchronized with the 
received sequence. Investigations into the feasibility of s.s.b. 

fo.r mobile radio have been going on in 
several research ceritres, and in our June 1979 
issue, p. 96, we reported on demonstrations 
by Philips Research Laboratories and Pye 
Telecommunications. Now the Home Office 
has stated its intention to start trials next 
year in which s.s.b. with 5kHz channel 
spacing will be compared with f.m. in 25kHz 
channels and with a.m. or f.m. in 12.5kHz 
channel~. They say that investigations have 
arrived at a &tage where field trials will be 
useful but that this does not imply any 
commitment by them to s.s.b. 

Broadcast-quality lincompex 

Another option, spread spectrum signal­
ling, is being studied at Leeds University on a 
grant from the Home Office. This technique 
allows a spread-spectrum transmission to 
share a channel with other types of trans­
mission, e.g. television broadcasting, and 

Standard Telephones and Cables Ltd claim to 
have introduced the world's first system 
which will overcome fading and interference 

· on high frequency radio links to a standard 
acceptable to broadcast operators. During . 
transmissions, received signal levels can 
change rapidily due, among other things, to 
multipath propagation, presenting problems 
to the broadcast engineer. STC's new system 
is claimed to eliminate these problems and 
also reduce the noise and interference 
accompanying the signal. The system, called 
radio-relay lincompex (linked compressor 
and expander), is based on the conventional 

The Appleton and Rutherford 
laboratories merger-SRC chairman 
In November 1976 the Science Research 
Council decided to set up a working party to i 

look into the future of the Appleton 
Laboratory because for some time there had 
been concern about the problems of pro­
viding proper support for the national space 
science programme required for the 1980's 
from the relatively limited resources avail­
able at Appleton. This was made worse 
because at the same time the Engineering 
Board was seeking to increase the amount 
and the scope of work in radio propagation 
and communications systems. Based on the 
working party's report, which was presented 
in July 1978, further information supplied 
afterwards and the views of the SRC staff, 
the Council decided in October 1978 that the 
Appleton and Rutherford Laboratories 
should be brought together under commmon 
management. It was also decided that the 
Ditton Park (Appleton Laboratory) site 
should be closed and as much work as pos­
sible transferred from there to the Chilton . 
(Rutherford Laboratory) site. 

The SRC chairman. Professor Geoffrey 
Allen. said in a SRC Bulletin, June 1979, that 
the final decision was principally influenced 
by the advantages that were seen to be 
o'btainable for the major scientific pro­
grammes in space and communications on 
which the Council expect to be engaged over 

the next decade. The UK, he said, was at a 
turning point in its space research pro­
grammes and there was already a growing 
demand for experiments to be conducted 
from space. If the UK was to remain a major 
force in space science, he said, the SRC had to 
have the capability to manage the develop­
ment of complex projects, especially if it was 
to exploit the new launching systems that 
would soon be available outside the UK. By 
combining the experience and expertise of 
the two laboratories the Council believed 
that it could create a team that could call on 
the resources required to provide a strong 
focus for the support of space research in the 
UK. 

The Council did consider whether it would 
be possible to achieve the same result with­
out moving the teams onto one site, but they 
eventually came to the conclusion that this 
was not practical. It has been decided that 
the Appleton Astrophysics Research Divi­
sion from Culham will move to the Chilton 
site in October 1980, and the UK team on the 
Infra Red Astonomical Satellite during the 
same year. However. the majority of the 
work on the Ditton Park site will not be 
moved to Chilton for about two years be­
cause accommodation is not yet ready for 
them. 

communications lincompex which was first 
introduced in the late 'sixties. 

The equipment, which is intended for 
point-to-point transmission over a 6kHz 
audio channel, has been designed to conform 
generally to British Broadcasting Corpora­
tion specifications and, like the conventional 
lincompex, it consists of a transmit unit and a 
receive unit. Programme m~terial is fed from 
a, studio through the transmit unit and into 
the transmitter. At the other end of the link, 
the receiver passes the signal to the receive 
unit which feeds the reconstituted pro­
gramme material to the radio station trans­
mitter for broadcasting. Accordihg to STC, 
the signal quality with the new system is high 
enough for it to compare with reception from 
a landline link or local transmitter. With 
radio-relay lincompex, they say, it is possible 
to use lower power transmitters for the 
studio to broadcast station link, and the 
transmitter's range can also be increased. 

Although the communications lincompex 
was put to the test by the BBC in about 1968, 
it was used only rarely and, according to a 
BBC spokesman, is not used at all now. The 
new radio-relay lincompex has been designed 
for use between main radio stations' studios 
and local broadcast transmitters or distant 
studios and main broadcasting stations, but 
it remains to be seen whether the BBC or the 
IBA will use it. STC say, however, that the 
new equipment has been used by export 
customers and has proved to comply with the 
BBC specifications. 

large PO orders for 
Redlfon 
A recent order for Redifon Telecommunica­
tions Ltd to supply racking for a Post Office 
radio paging contract has brought the total 
value of orders in the contract to close on 
£1 ,500,000. Each six-foot rack will carry two 
transmitters and control unit, a power supply 
unit. aerial changeover relay, alarm and 
telephone units . An earlier order in the 
contract was for Redifon's PT2100 v.h.f. 100 
watt transmitters. The equipment is to be 
used in the staged nationwide extension of 
PO radio paging. 
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.News in brief 

A symposium on 'Instrumentation in poten­
tially explosive atmospheres' will be held at 
the London Press Centre, London EC4, on 
October 9 and 10. The event is being jointly 
sponsored by Sira Institute Ltd, GAMBICA 
(the Group of Associations of Manufacturers 
of British Instrumen~ation , Control and 
Automation) and CBMPE. The aim of the 
programme is to promote an understanding 
of the implications of present international 
standards and codes of practice relating to 
electrical instrumentation, and to explain 
and to encourage c.onstructive discussion on 
technical trends requiring the generation of 
future standards. Further information can be 
obtained from Mrs R. G. Keiller, Sira In­
stitute, South Hill, Chislehurst, Kent BR 7 
.5EH. 

Ceefax and the . deaf 
-experimental service 

Crellon Electronics Ltd have announced that 
they have signed a distribution agreement 
with Utronix who are major sUppliers of 
opto-electronic components in Europe and . 
the UK. Crellon say that this new franchise 
complements their existing raQ.ge and they 
estimate that in the next twelve months it 
will be worth over £250,000 to them. 

The potential of teletext as a method of 
increasing the usefulness of television pro­
grammes to people with impaired hearing 
was demonstrated nationally on BBC-1 on 
September 2 for the first time, anywhere. ' 

Viewers with teletext decoders will see 
"subtitles" or captions, written to comple­
ment a film "Quietly in Switzerland", while 
those without decoders will not, of course, be 
distracted by the captions. Following this 

· first transmission, a series of panel games will 
be captioned, having been selected for the 
treatment because of the small number of 
captions needed to exptain the game, 
"Blankety -blank". 

The BBC say that the timing of inserted 
information must be accurate to within one 
sixth of a second, which means that at the · 
current rate of teletext data transmission 
(0.25s/page) it will be necessary to interrupt 

normal page 'transmissions to synchronize 
capt10ns with pictures. The effect on normal 
teletext transmissions will be an increase in 
access time of less than 5%. 

The idea of using teletext for captions on 
live, unscripted transmission is brought no 
nearer by the system' to be used, in which 
captions are held in the Ceefax computer 
store for rapid access. But the BBC, in colla­
boration with Leicester Polytechnic, is ex­
pertmenting with the~ use of the Palantype 
shorthand system, and has des igned a 
Palantype keyboard whose output is pro­
cessed by the Leicester computer to give a 
promising quality of characters. 

Peter Rosier or Bob Dutson at the BBC(01 -
743 8000) would be happy to give advice . on 
'the facility, while those with decoders simply 
dial page 170 on BBC-1 for the panel game 
captions. 

Papers on original work relating to research, 
. development or use of non-chemical power 

sources, such as fuel cells, solar ce lls, 
thermo-electric and thermionic generators, 
are invited for the 12th International Power 
Sources Symposium which will be held at the 
Hotel Metropole, ·Brighton, England, from 
September 15 to 18, 1980. Further informa­
tion may be obtained from the International 
Power Sources Symposium Committee, P.O. 
Box 17, Leatherhead, Surrey, KT22 9QB. 

Weed control by mic;rowa•es 
According to a report from Sydney, Austra­
lian researchers are experimenting with 
microwave weed control techniques in an 
effort to reduce the use of toxic herbicides. 
The engineers and biologists, ;1t Deakin 
University, Geelong, Victoria, are carrying 
out a one-year project to see whether some 
common weeds have a chemical composition 
which will react to ves in a different 

Data commu•lcatio s 
front-line . troops . · 

Front-line troops depend oh good radio Fnr--4., a message passed over a v.h.f. 
communications, but often electrically-noisy li~ords per minute will occupy the 
environments make ·voice communication communications circuit for less than one-
unreliable a n d t ime consuming. In an twentieth of the time required using voice . 
attempt to overcome. this problem, Racal- communications over the same network, 
Datacom Ltd have introduced a new, high- according to Racal. An operator can enter 
speed, burst data communications device and store messages of up to 1000 characters 
which, when used with existing tactical voice in length on a 32-character keyboard, as 
circuits, provides efficient communications shown in the accompanying illustration, 
in these conditions. The unit, called Merod ready for transmission or alteration using the 
(Message entry and read out device), has built-in editing facilities. · 
been designed specifically for use by front ­
line troops and can . either be vehicle-

. mounted or carried with a man pack radio. A 
number of optional inbuilt modems enable 
Merod to be used with all u.h.f., v.h.f. or h.f. 
combat radio networks. · 

To provide an extremely high error pro­
tection the device uses cyclic block code and 
bit interleaving techniques, together witli 
synchronous transmission. Racal·claims that 
for an average 3dB signal-t o-noise ratio, 
which is below the limit for reliable, clear 
voice communication by radio, all t ransmis­
sion errors are corrected with a greater-than 
99 per cent level of confidence. Burst trans­
mission, at the maximum data rate allowed 
by the communication system with which 
Merod is used, in addition to increasing . the 
security of the communications by making 
message interception more difficult, enables 
valuable air-time to be used more efficiently. 

Cemmunic ... s '10 
el»nference and 
exhibition 
The lEE is organising an international con­
ference as part of the Communications '80 
exhibition which is to be held at the National 
Exhibition Centre, Birmingham, England, 
from April 15 to 18, 1980. The conference will 
be held at the Metropole Hotel on the NEC 
site and will cover . three themes: public 
telecommunications, business commi.mica­
tions systems, and civil radio and emergency · 
communications . Papers will cover en­
gineering, user and operating interests and 
factors likely to affect overall strategy in 
each theme area. 

way from crops. If this is so they believe 
microwaves could then be used to control the 
weeds, leaving the crop unaffected. 

The leader of the project, Dr Van Nguyen 
Tran, a Vietnamese-born senior lecturer in 
the university's Electrical Engineering Divi­
sion, said that the research followed the 
successful use of microwave techniques in 
drying ~~md in assisting the germination of 
different types of seeds. Dr Tran said that 
they had found some types of seeds 'with 
which they had worked, particularly aGacia 
,seeds, had characteristics which could be 
affected by microwaves. 

Deathof ·~ 
John Scot~gart 
On. e o.f Wi~. eless w.,-l·irst contributors, 
John Scott-Taggart, . ., F.inst. P., has 
died at the age of 82. ott-Taggart, who 
was born fn Bolton, wa ell-known inno-
vator and writer on radio since the early 
years. His interest in the subject started 
when he studied radio as a hobby in 1912 and 
his first article appeared in Wireless World in 
December 1914. · 

During the First World War he was an 
instructor to the First Army a~n n 1917 he 
published a series of thirteen ticles on 
valves. He obtained thirty p nts from 
about 1918 and in 1922 found~e Radio 
Press which published Modern ' ss and 
Wireless Weekly . In t he 19 . a t least 
100,000 amateurs built radio sets using his 
ST100 design, according to one r~rt. 

During the Second World War, Mr Scott­
Taggart was a Wing Commander responsible 
~or the majority of the radar grou~ations 
m England and Wales, and the ing of 
their personnel. After this war he ed the 
Admiralty Signal and Radar Establishment , 
and retired in 1959. In 1963 the Italian Pre­
sident made h im a Knight Officer of the 
Order "AI Merito della Republica · It aliana," 
and in 1975 he was given an OBE for his 
"services to radio engineering". 
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Tvvo-metre transceiver 
Continued from page 53 

Components list for figs 2, 3 and 4 

Resistors (all 10% Y2W carbon) 
1' 90, 125 
3, 5, 8, 20, 32, l12 
4,6, 7, 12,28, 35,36,39,40 
43,69, 70 
38,42, 50,9,21, 26, 34,113 
118 
10, 18, 19, 24,49, 76,93,94 
97, 119 
13 
14, 74, 116 
15,41' 89, 130 
16, 62, 64, 77, 78, 104, 109 . 
17,95 
22,27,33,37,47, 52, 71,73 
79, 83, 84, 96, 1 00, 11 5, 1 20 
127,131,135 
23, 29, 53, 92, 111' 114, 121 
129,133,134 
30,31 
44,51 
48, 72,80,85, 102,106,110 
54,56, 59 
55 
58,82,86,99 
60,61 
67, 103, 105, 108 
68 
87,122,123 
88,98 
91,107,136 
128,132 
137 

33k 
3k3 
270 . 

2k2 

4k7 

1k5 
470 
10k 
lk 

2k7 
lOOk 

47k 

560 
1 k2 
27k 
680 

47 
220 
2.2 

150 
820k 
330 
100 
6k8 

220k 
200 

Capacitors (11-F unless otherwise stated) 
1 200n polyester 20% 
2, 15, 17, 20. 21 1 n polyester 20% 
42,44,45,63,64 
66,67,93,94,105 
11 5, 117' 139, 150 
4, 5, 6, 8, 9 , 11' 13 
19,22, 23, 26,33 
34, 39,43,47,48 
49,50, 53, 54,55 
58,59,61, 77,78 
79, 81,82,84,85 
86. 87, 89, 91' 92 
98, 99, 101, 102 
103, 104, 106, 107 
109, 110, 112, 113 
118, 119, 122, 123 
126,140,141 

1 On polyester 20% 

41, 90, 108, 114, 121 lOOn polyester 20% 
131, 138, 147, 148 
16 
36,37,69, 71 
132, 134, 135 
35,38 
80 
130 
74 
129 
40, 70 
68,72 
88 
76 
75 

4 70n polyester 20% 
2.2 50V single ended 

2.2 50V 
10 10V 

1 0 25V single ended 
10 50V 

4 7 2 5V single ended 
47 25V 

100 25V single ended 
100 10V 
100 25V 
220 25V 
470 25V 

' 11 6' 1 3 7' 144' 1 4 9 
133, 136 
3,97 
142, 145 
7, 12 

32 16V 
5 15V 

150p polystyrene 5% 

10, 14, 25,46, 51 
56,60,83, 100,120 
52,57 

4 7 p polystyrene 5% 
130p polystyrene 5% 

56p polystyrene 5% 
73, 125, 127, 143 

5% 
95,96 
124 
146 
18,30,32,65 
111 
24 
29,31 
62 
27, 28 
128 

Transistors 
1, 2, 7, 8, 9, 16, 17 
18.19,20 
3,6, 24 
4, 5, 10, 12, 15,21 
22, 23, 25, 26, 27 
28, 29 
11 
13 
14 

1 OOp polystyrene 

22p polystyrene 5% 
68p polystyrene 5% 

330p polystyrene 5% 
35p ceramic trimmer 

2-1 5p ceramic trimmer 
2. 2p tubular ceramic 
20p tubular ceramic 

3.3p tubular ceramic 
220p tubular ceramic 

1 5p silvered mica 

RCA40673 .I ~, .• 
2N3819 

BC108 

BCY70 
AC176 

.AC128 

Coils and r.f. chokes 
1' 6, 10, 11' 13, 18 
2,3,4, 7,8 

1 mH 7 BA Toko* 
20 turns 36 s.w .g. · 

enam . close wound 
20 turns 36 s.w.g. enam. · 
close wound, 6 turn 
primary overwound at 
cold end of secondary 

5, 12, 19 

9 

20 

20 turns 36 s.w.g . enam . 
close wound , 6 turn 
secondary overwound at 
cold end of primary 
30 turns 36 s.w .g. enam . 
close wound on 5mm 
diam. former with dust 
core 

14, 15 KALS4520A Toko* 
16 2211-H 7BAToko* 
17 3311-H 7BA Toko* 
Coils L2 to L5 , L7 to L9 , L12 and L19 are wound on 
5mm formers, 9mm pin spacing, with 14mm 
square by 20mm high screening cans, with 
dust cores. 
*available from Ambit International 

Switch 
1 

Meters 
1 

2 

1 pole 3 way 4 bank 
RS Components 

SR-38P S-meter 
· Shinohara Electrical Ltd. 

1 00 I' A edgewise 
A.J . H. Electronics· 

Filters and crystals 

YF.107F 2.4 

XL1 
XL2 
445-LOU-90 1 B 
XL3 

XL4 

Variable resistors 
2, 25, 57, 81' 101 
117 
11,45 
63, 75 
65 
66 

•·. 
46, 124, 126 

Diodes , 
2, 3, 11, 12~,p 
1,4, 5, 7,8, 10,14 

~~9~9, 29 
13 
18 
21,22 
23 

Integrated circuit 
1 

South Midlands 
Comms Ltd . 

10, 701 .5kHz 
10,698.5kHz 

Kinnie Components 
10,700.00kHz 

series resonance 

10, 700.00kHz 
parallel resonance 

P.M. Electronics 

1 Ok miniature preset 

1 k miniature preset 
100 miniature preset 
4k7 miniature preset 
220 miniature preset 

5k pot . panel mounting 

OA91 . 
IN914 

9 .1V 8ZY88Zener 
BA156 . 

2. 7V BZY88 Zener 
8.2V BZY88 Zener · 
3: 9V BZY88 Zen.er 

CA3089E RCA 

Fig. 4 can be found in the continuation 
of the article on page 53. 

Pri~ted circuit boards 
A set of ten double-sided glass fibre p.c.bs is 
available for £35.00 (inclusive of v.a .t . and 
postage) from M . R. Sagin- at 23 Keyes 
Road, London NW2 . The boards are sup­
plied roller tinned and drilled , and have all 
clearance areas etched in the ground plane . 
The ten boards accommodate a s .s .b . 
generator, f .m. generator, Rx converter, Tx 
converter, crystal oscillator and mixer, 
phase detector and loop filter, squelch unit. 
v .f.o . circuit, v .c.o . circuit and v .c .o . 
amplifier. 
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Looking into current mirrors 
Pesign criteria for circuits using matched collector curre~ts 

by f. J. Lidgey Ph.D., B.Sc. Oxford Polytechnic 

Subject to the use of well-matched 
devices, the current mirror circuit can 
perform some useful analogue functions. 
As well as acting as square and square 
root "calculators", they can perform in 
several standard amplifier circuits. This 
outline of the main features of current 
mirrors also contains practical 
applications in the form of a current 
:sink/source conversion, a differential to 
single-ended conversion circuit and a 
"mirror-~ided" output drive stage. 

THE CURRENT mirror circuit relies on 
the collector current matching of two 
transistors (one strapped as a diode) 
when connected together base to base 
and emitter to emitter. 
, The collector current is related to the 
~emitter base voltage in a forward biased 
transistor quite closely by the equation 

; qVbe 
Ic=Is(e·k"T -1) 

where q is electron charge, k Boltzman's 
constant, T the absolute temperature 
and 15 is the forward-biased saturation 
current, a parameter particular to the 
.exact tnlnsistor. Is is also a function of 
temperature in addition to the I IT fac­
tor of the exponential. 

If we can neglect the base currents 
compared with collector currents, then 

( 

qVbe 
Iy=Icy=Isy e ·kT -1) 

and Ix = IY for all temperatures if and 
only if Isx = Isy for all temperatures i.e. 
accurately matched devices in very 
close thermal contact. 

Current ':tlatching (mirror image 
size) . . . 

Manufacturers quote the matching of a 
single-chip pair of transistors by the 
difference in V be necessary to obtain the 

. same collector currents. 

i.e. lex =Icy for (V bex-V bey)= (~ V be) 

qVbey 
Icy=Isye kT 

where we Iiave made the assumption 

that lex• Icy"»Isx• l5y which is iiwariably 
true since I5 is typically 10-12 amps or 
less for a silicon device at room tem-
perature. · 

If Ybex= Ybey= Ybe but (~ Ybe) is 
quoted then we may estimate the. error 
in the current mirror imaging size by 
the following: 

writing VT=kT!q t~en for Icy=Icy. 

and so 
Ybey~Ybe±~Vbe 

vbe ± ~vbe 
Icx=Isye VT . e VT 

+ . ~Ybe 
I ex= Icye- --y:;-

1 ·+ ; ~vbe 
~=e--y 
Icy T 

at room temperature V TO:< 26 m V so a 
~Vbe of ±2 mV, which is typical for 
reasonably well-matched transistors, 
gives 

I 2 I 1 I ex +-·~ ....... 1+-·~---1+ 077 -=e-26' I - -13' I - -· Icy . cy cy 
i.e. ±7.7% error, which is quite sub­
stantial. 

Fig. l. Single-chip current mirror 
circuit 

Fig. 2. "Matched" transistor current · 
mirror 

Thermal matching (mirror buck-
ling)· · · · 
The relative thermal tracking is not as 
bad as might at first be expected. Con­
sider 

vbe 
Ic=IsevT 

It is convenient to discuss the tem­
perature variation necessary in v be in 
order to keep the collector currents the 
same, given that at a temperature t 
Ybex= Ybey for Icx=Icy. 

Now 

Defining the input offset voltage as 
for Icx=Icy we are interested in the 
variation of this voltage with tempera­
ture 

+ V T (-1- dlsx - _1_ dlsy ) 
Isx dT Isy dT 

the second term is zero since from the 
physics of the device it may be shown 
that l/I5 dl/dT is a constant. 

: _dVos= VT ln(~ -ln Icy) 
dT T Isx Isy 

=Y:!JV bex-V bey ) 
T\ VT . 

dVos_ Vos 
dT --; 

so if V 05 = Ybex-Ybey= ±2mV 

. d ±2 
then dT V os= 30crnv ;oc = ±6.7V /°C 

Clearly the currents will track well 
despite a ~Vbe of ±2mV but this ana­
lysis is valid for transistors at exactly 
the same temperature. A difference in 
temperature of a degree or so makes a 
vast difference in the current mirroring 
action since the temperature appears in 
the exponential as well as in Is. 
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Tvvo-metre transceiver 
Continued from page 53 

Components list for figs 2, 3 and 4 

Resistors (all 10% Y2W carbon) 
1' 90, 125 
3, 5, 8, 20, 32, l12 
4,6, 7, 12,28, 35,36,39,40 
43,69, 70 
38,42, 50,9,21, 26, 34,113 
118 
10, 18, 19, 24,49, 76,93,94 
97, 119 
13 
14, 74, 116 
15,41' 89, 130 
16, 62, 64, 77, 78, 104, 109 . 
17,95 
22,27,33,37,47, 52, 71,73 
79, 83, 84, 96, 1 00, 11 5, 1 20 
127,131,135 
23, 29, 53, 92, 111' 114, 121 
129,133,134 
30,31 
44,51 
48, 72,80,85, 102,106,110 
54,56, 59 
55 
58,82,86,99 
60,61 
67, 103, 105, 108 
68 
87,122,123 
88,98 
91,107,136 
128,132 
137 

33k 
3k3 
270 . 

2k2 

4k7 

1k5 
470 
10k 
lk 

2k7 
lOOk 

47k 

560 
1 k2 
27k 
680 

47 
220 
2.2 

150 
820k 
330 
100 
6k8 

220k 
200 

Capacitors (11-F unless otherwise stated) 
1 200n polyester 20% 
2, 15, 17, 20. 21 1 n polyester 20% 
42,44,45,63,64 
66,67,93,94,105 
11 5, 117' 139, 150 
4, 5, 6, 8, 9 , 11' 13 
19,22, 23, 26,33 
34, 39,43,47,48 
49,50, 53, 54,55 
58,59,61, 77,78 
79, 81,82,84,85 
86. 87, 89, 91' 92 
98, 99, 101, 102 
103, 104, 106, 107 
109, 110, 112, 113 
118, 119, 122, 123 
126,140,141 

1 On polyester 20% 

41, 90, 108, 114, 121 lOOn polyester 20% 
131, 138, 147, 148 
16 
36,37,69, 71 
132, 134, 135 
35,38 
80 
130 
74 
129 
40, 70 
68,72 
88 
76 
75 

4 70n polyester 20% 
2.2 50V single ended 

2.2 50V 
10 10V 

1 0 25V single ended 
10 50V 

4 7 2 5V single ended 
47 25V 

100 25V single ended 
100 10V 
100 25V 
220 25V 
470 25V 

' 11 6' 1 3 7' 144' 1 4 9 
133, 136 
3,97 
142, 145 
7, 12 

32 16V 
5 15V 

150p polystyrene 5% 

10, 14, 25,46, 51 
56,60,83, 100,120 
52,57 

4 7 p polystyrene 5% 
130p polystyrene 5% 

56p polystyrene 5% 
73, 125, 127, 143 

5% 
95,96 
124 
146 
18,30,32,65 
111 
24 
29,31 
62 
27, 28 
128 

Transistors 
1, 2, 7, 8, 9, 16, 17 
18.19,20 
3,6, 24 
4, 5, 10, 12, 15,21 
22, 23, 25, 26, 27 
28, 29 
11 
13 
14 

1 OOp polystyrene 

22p polystyrene 5% 
68p polystyrene 5% 

330p polystyrene 5% 
35p ceramic trimmer 

2-1 5p ceramic trimmer 
2. 2p tubular ceramic 
20p tubular ceramic 

3.3p tubular ceramic 
220p tubular ceramic 

1 5p silvered mica 

RCA40673 .I ~, .• 
2N3819 

BC108 

BCY70 
AC176 

.AC128 

Coils and r.f. chokes 
1' 6, 10, 11' 13, 18 
2,3,4, 7,8 

1 mH 7 BA Toko* 
20 turns 36 s.w .g. · 

enam . close wound 
20 turns 36 s.w.g. enam. · 
close wound, 6 turn 
primary overwound at 
cold end of secondary 

5, 12, 19 

9 

20 

20 turns 36 s.w.g . enam . 
close wound , 6 turn 
secondary overwound at 
cold end of primary 
30 turns 36 s.w .g. enam . 
close wound on 5mm 
diam. former with dust 
core 

14, 15 KALS4520A Toko* 
16 2211-H 7BAToko* 
17 3311-H 7BA Toko* 
Coils L2 to L5 , L7 to L9 , L12 and L19 are wound on 
5mm formers, 9mm pin spacing, with 14mm 
square by 20mm high screening cans, with 
dust cores. 
*available from Ambit International 

Switch 
1 

Meters 
1 

2 

1 pole 3 way 4 bank 
RS Components 

SR-38P S-meter 
· Shinohara Electrical Ltd. 

1 00 I' A edgewise 
A.J . H. Electronics· 

Filters and crystals 

YF.107F 2.4 

XL1 
XL2 
445-LOU-90 1 B 
XL3 

XL4 

Variable resistors 
2, 25, 57, 81' 101 
117 
11,45 
63, 75 
65 
66 

•·. 
46, 124, 126 

Diodes , 
2, 3, 11, 12~,p 
1,4, 5, 7,8, 10,14 

~~9~9, 29 
13 
18 
21,22 
23 

Integrated circuit 
1 

South Midlands 
Comms Ltd . 

10, 701 .5kHz 
10,698.5kHz 

Kinnie Components 
10,700.00kHz 

series resonance 

10, 700.00kHz 
parallel resonance 

P.M. Electronics 

1 Ok miniature preset 

1 k miniature preset 
100 miniature preset 
4k7 miniature preset 
220 miniature preset 

5k pot . panel mounting 

OA91 . 
IN914 

9 .1V 8ZY88Zener 
BA156 . 

2. 7V BZY88 Zener 
8.2V BZY88 Zener · 
3: 9V BZY88 Zen.er 

CA3089E RCA 

Fig. 4 can be found in the continuation 
of the article on page 53. 

Pri~ted circuit boards 
A set of ten double-sided glass fibre p.c.bs is 
available for £35.00 (inclusive of v.a .t . and 
postage) from M . R. Sagin- at 23 Keyes 
Road, London NW2 . The boards are sup­
plied roller tinned and drilled , and have all 
clearance areas etched in the ground plane . 
The ten boards accommodate a s .s .b . 
generator, f .m. generator, Rx converter, Tx 
converter, crystal oscillator and mixer, 
phase detector and loop filter, squelch unit. 
v .f.o . circuit, v .c.o . circuit and v .c .o . 
amplifier. 
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Looking into current mirrors 
Pesign criteria for circuits using matched collector curre~ts 

by f. J. Lidgey Ph.D., B.Sc. Oxford Polytechnic 

Subject to the use of well-matched 
devices, the current mirror circuit can 
perform some useful analogue functions. 
As well as acting as square and square 
root "calculators", they can perform in 
several standard amplifier circuits. This 
outline of the main features of current 
mirrors also contains practical 
applications in the form of a current 
:sink/source conversion, a differential to 
single-ended conversion circuit and a 
"mirror-~ided" output drive stage. 

THE CURRENT mirror circuit relies on 
the collector current matching of two 
transistors (one strapped as a diode) 
when connected together base to base 
and emitter to emitter. 
, The collector current is related to the 
~emitter base voltage in a forward biased 
transistor quite closely by the equation 

; qVbe 
Ic=Is(e·k"T -1) 

where q is electron charge, k Boltzman's 
constant, T the absolute temperature 
and 15 is the forward-biased saturation 
current, a parameter particular to the 
.exact tnlnsistor. Is is also a function of 
temperature in addition to the I IT fac­
tor of the exponential. 

If we can neglect the base currents 
compared with collector currents, then 

( 

qVbe 
Iy=Icy=Isy e ·kT -1) 

and Ix = IY for all temperatures if and 
only if Isx = Isy for all temperatures i.e. 
accurately matched devices in very 
close thermal contact. 

Current ':tlatching (mirror image 
size) . . . 

Manufacturers quote the matching of a 
single-chip pair of transistors by the 
difference in V be necessary to obtain the 

. same collector currents. 

i.e. lex =Icy for (V bex-V bey)= (~ V be) 

qVbey 
Icy=Isye kT 

where we Iiave made the assumption 

that lex• Icy"»Isx• l5y which is iiwariably 
true since I5 is typically 10-12 amps or 
less for a silicon device at room tem-
perature. · 

If Ybex= Ybey= Ybe but (~ Ybe) is 
quoted then we may estimate the. error 
in the current mirror imaging size by 
the following: 

writing VT=kT!q t~en for Icy=Icy. 

and so 
Ybey~Ybe±~Vbe 

vbe ± ~vbe 
Icx=Isye VT . e VT 

+ . ~Ybe 
I ex= Icye- --y:;-

1 ·+ ; ~vbe 
~=e--y 
Icy T 

at room temperature V TO:< 26 m V so a 
~Vbe of ±2 mV, which is typical for 
reasonably well-matched transistors, 
gives 

I 2 I 1 I ex +-·~ ....... 1+-·~---1+ 077 -=e-26' I - -13' I - -· Icy . cy cy 
i.e. ±7.7% error, which is quite sub­
stantial. 

Fig. l. Single-chip current mirror 
circuit 

Fig. 2. "Matched" transistor current · 
mirror 

Thermal matching (mirror buck-
ling)· · · · 
The relative thermal tracking is not as 
bad as might at first be expected. Con­
sider 

vbe 
Ic=IsevT 

It is convenient to discuss the tem­
perature variation necessary in v be in 
order to keep the collector currents the 
same, given that at a temperature t 
Ybex= Ybey for Icx=Icy. 

Now 

Defining the input offset voltage as 
for Icx=Icy we are interested in the 
variation of this voltage with tempera­
ture 

+ V T (-1- dlsx - _1_ dlsy ) 
Isx dT Isy dT 

the second term is zero since from the 
physics of the device it may be shown 
that l/I5 dl/dT is a constant. 

: _dVos= VT ln(~ -ln Icy) 
dT T Isx Isy 

=Y:!JV bex-V bey ) 
T\ VT . 

dVos_ Vos 
dT --; 

so if V 05 = Ybex-Ybey= ±2mV 

. d ±2 
then dT V os= 30crnv ;oc = ±6.7V /°C 

Clearly the currents will track well 
despite a ~Vbe of ±2mV but this ana­
lysis is valid for transistors at exactly 
the same temperature. A difference in 
temperature of a degree or so makes a 
vast difference in the current mirroring 
action since the temperature appears in 
the exponential as well as in Is. 
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A discrete "':llirror" 
If discrete transistors are to be used 
then we can make use of a form of 
current mirror by using well-matched 
resistors in the emitter lines. 

If we can again neglect base currents 
relative to collector currents then 

vbex vbey 
Ix~Isx~ VT ; Iy=I5ye VT 

but 

. I =I +( Vbex-Vbey) 
.. y X R 

From which we see that if we have Ll V be 
of say ± 10mV for a poorly matched 
pair, then where R is 10kQ 

Iy=Ix±1!-LA 
and so for currents substantially greater 
than 1~ the error is small and may be 
neglected. 

Taking base currents into account 
Allowing for the base currents then the 
diode-strapped transistor current Ix in 
Fig. 1 supplies base current for Trx and 
TrY and so clearly since ·our mirror 
equation only relates collector currents, . 
IY <Ix, assuming perfect matching. 

Fig. 3. Looking at base current 

Examining the currents, since V bex­
= Vbey and assuming matching does. 
exist then Ibx =I by· Given that the cur­
rent gains may not be exactly the same 
then 

_ Iy Iy 
Ix-Iy+l3;+f3; 

_1= 1 + (-1-+~1-) 
Iy ~y ~X 

Obviously what is needed to ensure a 
better match of Ix and IY is to make ~x 
and 13y as large as possible. Alternatively 
we need to buffer Ix so that it does not 
constitute the source for all the base 
currents. 

Fig. 4. Spreading current drain by 
adding a buffer stage 

Further calculations can reveal infor­
mation about matching error. 

1 ( 1 1) 
Iw (~w+ 1) .Iy ~x + ~y 

=I ( 1 + 1 (.!___+.!___)) 
Y <Pw+ 1) ~x ~y 

From this we can see that the previous 
error between the matching of Ix and Iy 
due to the base current loading ·of Ix is 
reduced by a factor of (~w + 1). \Ve can 
go on doing this trick by using a Dar­
lington for Trw but then the reverse 
leakage currents multiply as in all Dar­
lington circuits and so it is sensible to 
limit this buffering to only one or two 
transistors in the position occupied by 
transistor Trw· 

Some useful applications of current 
mirrors 
(a) Current sink/source conversion 
In the circuit of Fig. 5 the current sink I1 

is converted to a current source of the 
same value. The reverse is also possible 
where a current source may be con­
verted into a current sink. This rriay be 
extended to form a voltage-to-current 
converter. 

Fig. 5. Current sink/source circuit 

,....-----.--{)t-V 

Fig. 6. Voltage to current converter 

In Fig. 6, Tr 1, Tr2 and R form a high 
input impedance (Darlington Tr 1 and 
Tr2) transconductance stage which is a 
current sink drive for Tr3• This current 
is mirrored into a current source at Tr4• 

(b) Differential to single-ended 
conversion 
Consider the standard circuit of a dif­
ferential a~plifier shown in Fig. 7. 
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Fig. 7. Basic differential amplifier 

'The small signal voltage gain to a 
differential input vi is 

Au=+%(~~ l)R gm 

Where gm is the transconductance of a 
single transistor. Compared with one. 

. common emitter transistor we lose half 
the gain because vi is driving both 
transistors equally yet we are only 
taking the output from one. This prob­
lem can be rectified using a current 
mirror as shown in Fig:_ 8. 

r 

·~ r _ __, 

Fig. 8. Increasing gain by the use of a 
current mirror 

' 

Point A on the circuit remains at a 
constant voltage independent of Vi (i.e. 
a virtual earth) provided the transistors 
are all well matched. Then, as Vi in­
creases in the direction shown, Ic1 in­
creases and Ic2 decreases. As Ic 1 in­
creases this is mirrored by an equal 
increase in Ic4• At the junction of the 
collectors of Tr4 and ~r2 we have an 
increase of current from Tr4, yet Tr2 is 
decreasing its current. Clearly both 
components sum into R giving the full 
differential gain of 

Au~( ~! 1 ) Rgm 

There is a change in the common mode 
handling capability of the circuit which 
must be looked at closely if the circuit is 
to be used without further modification. 
This circuit technique is commonplace 
in the guts of modern op. amps such as 
the standard 741.' 
Continued on page 68 
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FROM HERE ... 

TO HERE ... 

NEED NO LONGER TAKE AN ETERNITY 
OR COST A FORTUNE 

Time is money and .with conventional 
custom designs, the process from the 
detailed logic design through to layout 
of the chip can take 6 to 9 months of 
total engineer involvement. 

The following stages of mask 
making, prototypes, and test prog­
rammes still have to take place. In this 
age of rapidly changing technology, 
two years to production is an eternity in 
both commercial and economical sense. 
This is why GEC Semiconductors have 
developed the Cellmos system, which 
allows customers to benefit from 
special LSI designs with a much lower 

C3EC 
SEMICONDUCTORS 

starting fee and in a much shorter time. 
Once w.e have approved logic 

·diagrams, our computer will process 
the design through a series of prog­
rammes, which will layout the circuit 
onto the chip·. The whole sequence will 
not take more than a few hours of 
computer and engineering time. The 
turn round time from the approved 
logic to samples is within 12 weeks. 
Hardly an eternity ... 

If you feel the Cellmos system can 
help with your problem, please write or 
phone our sales office for further details 
or even a demonstration. 

GECS Semiconductors Limited 
East Lane, Wembley 
Middlesex HA9 7PP 
Tel: 01-904 9303 Telex 28817. 

WW- 069 FOR FURTHER DETAILS 
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vbex vbey 
Ix~Isx~ VT ; Iy=I5ye VT 

but 
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From which we see that if we have Ll V be 
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Allowing for the base currents then the 
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Fig. 1 supplies base current for Trx and 
TrY and so clearly since ·our mirror 
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IY <Ix, assuming perfect matching. 
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Examining the currents, since V bex­
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exist then Ibx =I by· Given that the cur­
rent gains may not be exactly the same 
then 
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Obviously what is needed to ensure a 
better match of Ix and IY is to make ~x 
and 13y as large as possible. Alternatively 
we need to buffer Ix so that it does not 
constitute the source for all the base 
currents. 
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Further calculations can reveal infor­
mation about matching error. 
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From this we can see that the previous 
error between the matching of Ix and Iy 
due to the base current loading ·of Ix is 
reduced by a factor of (~w + 1). \Ve can 
go on doing this trick by using a Dar­
lington for Trw but then the reverse 
leakage currents multiply as in all Dar­
lington circuits and so it is sensible to 
limit this buffering to only one or two 
transistors in the position occupied by 
transistor Trw· 

Some useful applications of current 
mirrors 
(a) Current sink/source conversion 
In the circuit of Fig. 5 the current sink I1 

is converted to a current source of the 
same value. The reverse is also possible 
where a current source may be con­
verted into a current sink. This rriay be 
extended to form a voltage-to-current 
converter. 

Fig. 5. Current sink/source circuit 

,....-----.--{)t-V 

Fig. 6. Voltage to current converter 

In Fig. 6, Tr 1, Tr2 and R form a high 
input impedance (Darlington Tr 1 and 
Tr2) transconductance stage which is a 
current sink drive for Tr3• This current 
is mirrored into a current source at Tr4• 

(b) Differential to single-ended 
conversion 
Consider the standard circuit of a dif­
ferential a~plifier shown in Fig. 7. 
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Fig. 7. Basic differential amplifier 

'The small signal voltage gain to a 
differential input vi is 

Au=+%(~~ l)R gm 

Where gm is the transconductance of a 
single transistor. Compared with one. 

. common emitter transistor we lose half 
the gain because vi is driving both 
transistors equally yet we are only 
taking the output from one. This prob­
lem can be rectified using a current 
mirror as shown in Fig:_ 8. 
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Fig. 8. Increasing gain by the use of a 
current mirror 
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Point A on the circuit remains at a 
constant voltage independent of Vi (i.e. 
a virtual earth) provided the transistors 
are all well matched. Then, as Vi in­
creases in the direction shown, Ic1 in­
creases and Ic2 decreases. As Ic 1 in­
creases this is mirrored by an equal 
increase in Ic4• At the junction of the 
collectors of Tr4 and ~r2 we have an 
increase of current from Tr4, yet Tr2 is 
decreasing its current. Clearly both 
components sum into R giving the full 
differential gain of 

Au~( ~! 1 ) Rgm 

There is a change in the common mode 
handling capability of the circuit which 
must be looked at closely if the circuit is 
to be used without further modification. 
This circuit technique is commonplace 
in the guts of modern op. amps such as 
the standard 741.' 
Continued on page 68 
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NEW! BIG SCREEN'SCOPE 

LARGE SCREEN FullS x 10cm (5" diag.) flat face 
display.lnternal graticule eliminates parallax error. 
10% and 90% markers ease rise time measurement. 

ACCURACY ±3% 

XY MODE Horizontal signal via CH1 

•••• 

SMALL SIZE UNIT Only 12'' deep x 11'' wide x 6%' ' 
high overall. Occupies little bench space. No need . 
for trolley. Weighs only 15Y21bs. 

TIMEBASE ·5~Sicm to ·5Sicm plus x5 expansion 

All /CHOP Automatic 

LOW COST 

BANDWIDTH D.C. to 12MHz 

SENSITIVITY 5mV I em to 1 OV I em 

TRIGGER Internal from CH1 or CH2 or external. 
Internal TV frame or line. Auto ensures sweep in 
ab~ence of signal 

CALIBRII'OR Output for probe compensation or 
.Y amp calibration 

••••• 
••• from (®). Farnell 

Send for details and prices now to: 

FARNELL INSTRUMENTS LIMITED. SANDBECK WAY, WETHERBY. WEST YORKSHIRE LS22 4DH. TEL 0937 63541 TELEX: 557294 FARIST G. LONDON OFFICE TEL: 01-864 7433 
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Speaker directivity and 
sound quality · 

Effects of variation in the loudspeaker polar diagram with frequency 

by James Moir, F.I.E.E., James Moir & Associates 

The best exampies of current loudspeaker 
design have reached the stage of 
development where only minor 
improvements in the overall sound 
quality can be achieved by further 
extension or smoothing of the frequency 
range, or by reduction in the well known 
effects of harmonic, inter-modulation and 
Doppler distortion. One distortion, using 
the word in its widest sense, that has not 
received its due share of attention is the 
effect on sound quality of the variation in 
the speaker polar diagram with 
frequency. This is discussed in the 
present article, and also methods of 

· measuring the polar distribution of sound 
pressure and sound power. "Directivi ty 
index" is explained. 

A TYPICAL single cone loudspeaker in 
a closed housing will radiate isotropic­
ally at low audio frequencies, the 
sound pressure being substantially con­
stant at all points equi-distant from the 
loudspeaker. This is true even at the 
back.of an enclosure that only employs 
a single forward facing unit. As the 
freq4ency is increased the solid angle 
into which the sound power is concen­
trated in front of the loudspeaker slowly 
reduces until it may not be more than 
10°-15° at frequencies above 5kHz. This 
is a fundamental property of all plane 
surface disk radiators. The sound 
pressure level produced by an ideal solid 
disk diaphragm will be down by 3dB at 
30° off axis at a frequency of 1kHz, the 
diaphragm being one wavelength in 
diameter at this frequency. 

The sound pressure generated by a 
practical loudspeaker diaphragm does 
not fall off quite so rapidly with increase 
in the azimuthal angle as that from the 
rigid disk. Thickness and density 
graduation, the use of radial and 
circumferential ribs and similar design 
tricks can be used by the cone designer 
to reduce the effective diameter of the 
diaphragm with increase in frequency 
and this helps to maintain constant the 
sound pressure at points well off the 
axis. At first thought it would appear 
that the reduction in th~ off-axis output 
at high frequencies would be of little 
consequence to a listener seated on the 
axis, but experience shows that the 
effects on the sound quality are indeed 
obvious to a moderately experienced 
listener. A loudspeaker having a good 

(flat) axial frequency response but a. 
poor off-axis response sounds 'hard and 

. tiring' to a listener seated on the axis, 
while the stereo image tends to jump 
about with changes in the spectral con­
tent of the programme. It is interesting 
to consider the possible reasons for the 
effects of the polar distribution on the 
quality of the sound as this is a subject 
that is rarely discussed in greater depth 
than a comment that "cymbals sound 
better when ypu sit in front of the 
speaker, an aspect of the performance 
that is obvious and will not be further 
expanded." 

The sounds emitted by a loudspeaker 
arrive at the listener's ears by three 
routes that require separate considera­
tion if the overall acoustic performance 
is to be understood. · 
Group 1. In this group are the sounds 
that arrive at the listener's ears by the 
direct and shortest route from the 
loudspeaker and undergo little modifi­
cation on the way, for the room boun­
daries have had no opportunity of 
affecting the characteristics of the 
sound. The room acoustics have no 
effect on these direct sounds. 
Group 2. These sounds arrive at the 
listener's ears during the first few 
milliseconds after only one reflection 
from the room boundaries close to the 
loudspeaker. At each reflection from a 
boundary the frequency spectrum is 
modified by the acoustic characteristics 
of the area of room boundary from 
which the reflection takes place. In 
general the higher frequency com­
ponents in the spectrum suffer greater 
attenuation at each reflection than do 
the lower frequency components but 
this is not inevitable. Thus the first 
reflections have frequency spectra 
almost identical to those of the direct 
sounds which they follow with a delay 
of only 2-5 milliseconds. 
Gr~mp 3. These are the sounds that 
arrive at the listener's ears after many 
reflections, i.e. after at least ten to 
twenty reflections from the room 
boundaraies remote from the loud­
speaker. This is the generally reverber­
ant sound that is usually considered to 
be the 'room reverberation'. As was 
noted in the preceding paragraph the 
higher frequencies are . generally more 
heavily attenuated at each impact with 
a boundary so the frequency spectrum 

of the reverberant sound gradually 
changes during the decay of the sound, 
the later reflections having reduced 
energy in the higher frequencies. 

However, the reverberant sounds 
differ in another and very significant 
way. The sound field in a rpom does not 
become increasingly diffuse with the 
passage of time as is generally thought, 
but instead becomes increasingly ord­
ered, with the sound energy concen­
trated in well defined spatial patterns 
even at the lower frequencies. The 
primary components of the reverberant 
sound energy are concentrated along 
the three axes of the room in the 
frequency bands for which the room 
length, width, and height are one half 

· wavelength and at the harmonics of 
these frequencies. There are secondary 
components of the spatial pattern at 
frequencies that are determined by 
combinations of the axial dimensions of 
the rooms and further groups with 
frequencies determined by combina­
tions of all three axial dimensions. Thus 
reverberation is not the decay of a 
diffuse sound field but the decay of a 
well defined pattern of sound distribu­
tion over the whole of the room volume. 
The sound .field becomes less diffuse and 
more ordered as the decay proceeds, 
with the sound energy concentrated in 
the narrow frequency bands that con­
stitute the modes of oscillation charac­
teristic of the room. This is particularly. 
true at the low frequency end of the 
spectrum. 

Following this digression we can go 
back to consider the effect of the loud­
speaker polar diagram on the resultant 
sound field in the room. There will 
clearly be no significant effect on the 
energy in the sounds that arrive first by 
the most direct path, for the room 
boundaries will have had no oppor­
tunity of reacting on the sound. 

The sounds in group 2 that arrive by 
the second route during the first few 
milliseconds following the arrival of the 
direct sound will be affected by the 
polar distribution of the loudspeaker. At 

· those frequencies at which the polar 
distribution is very narrow, generally 
the higher frequencies, the sound 
energy arriving during the first few 
milliseconds will be decreased, for less 
energy will strike the room boundaries 
in the vicinity of the speaker and be 
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received its due share of attention is the 
effect on sound quality of the variation in 
the speaker polar diagram with 
frequency. This is discussed in the 
present article, and also methods of 

· measuring the polar distribution of sound 
pressure and sound power. "Directivi ty 
index" is explained. 

A TYPICAL single cone loudspeaker in 
a closed housing will radiate isotropic­
ally at low audio frequencies, the 
sound pressure being substantially con­
stant at all points equi-distant from the 
loudspeaker. This is true even at the 
back.of an enclosure that only employs 
a single forward facing unit. As the 
freq4ency is increased the solid angle 
into which the sound power is concen­
trated in front of the loudspeaker slowly 
reduces until it may not be more than 
10°-15° at frequencies above 5kHz. This 
is a fundamental property of all plane 
surface disk radiators. The sound 
pressure level produced by an ideal solid 
disk diaphragm will be down by 3dB at 
30° off axis at a frequency of 1kHz, the 
diaphragm being one wavelength in 
diameter at this frequency. 

The sound pressure generated by a 
practical loudspeaker diaphragm does 
not fall off quite so rapidly with increase 
in the azimuthal angle as that from the 
rigid disk. Thickness and density 
graduation, the use of radial and 
circumferential ribs and similar design 
tricks can be used by the cone designer 
to reduce the effective diameter of the 
diaphragm with increase in frequency 
and this helps to maintain constant the 
sound pressure at points well off the 
axis. At first thought it would appear 
that the reduction in th~ off-axis output 
at high frequencies would be of little 
consequence to a listener seated on the 
axis, but experience shows that the 
effects on the sound quality are indeed 
obvious to a moderately experienced 
listener. A loudspeaker having a good 

(flat) axial frequency response but a. 
poor off-axis response sounds 'hard and 

. tiring' to a listener seated on the axis, 
while the stereo image tends to jump 
about with changes in the spectral con­
tent of the programme. It is interesting 
to consider the possible reasons for the 
effects of the polar distribution on the 
quality of the sound as this is a subject 
that is rarely discussed in greater depth 
than a comment that "cymbals sound 
better when ypu sit in front of the 
speaker, an aspect of the performance 
that is obvious and will not be further 
expanded." 

The sounds emitted by a loudspeaker 
arrive at the listener's ears by three 
routes that require separate considera­
tion if the overall acoustic performance 
is to be understood. · 
Group 1. In this group are the sounds 
that arrive at the listener's ears by the 
direct and shortest route from the 
loudspeaker and undergo little modifi­
cation on the way, for the room boun­
daries have had no opportunity of 
affecting the characteristics of the 
sound. The room acoustics have no 
effect on these direct sounds. 
Group 2. These sounds arrive at the 
listener's ears during the first few 
milliseconds after only one reflection 
from the room boundaries close to the 
loudspeaker. At each reflection from a 
boundary the frequency spectrum is 
modified by the acoustic characteristics 
of the area of room boundary from 
which the reflection takes place. In 
general the higher frequency com­
ponents in the spectrum suffer greater 
attenuation at each reflection than do 
the lower frequency components but 
this is not inevitable. Thus the first 
reflections have frequency spectra 
almost identical to those of the direct 
sounds which they follow with a delay 
of only 2-5 milliseconds. 
Gr~mp 3. These are the sounds that 
arrive at the listener's ears after many 
reflections, i.e. after at least ten to 
twenty reflections from the room 
boundaraies remote from the loud­
speaker. This is the generally reverber­
ant sound that is usually considered to 
be the 'room reverberation'. As was 
noted in the preceding paragraph the 
higher frequencies are . generally more 
heavily attenuated at each impact with 
a boundary so the frequency spectrum 

of the reverberant sound gradually 
changes during the decay of the sound, 
the later reflections having reduced 
energy in the higher frequencies. 

However, the reverberant sounds 
differ in another and very significant 
way. The sound field in a rpom does not 
become increasingly diffuse with the 
passage of time as is generally thought, 
but instead becomes increasingly ord­
ered, with the sound energy concen­
trated in well defined spatial patterns 
even at the lower frequencies. The 
primary components of the reverberant 
sound energy are concentrated along 
the three axes of the room in the 
frequency bands for which the room 
length, width, and height are one half 

· wavelength and at the harmonics of 
these frequencies. There are secondary 
components of the spatial pattern at 
frequencies that are determined by 
combinations of the axial dimensions of 
the rooms and further groups with 
frequencies determined by combina­
tions of all three axial dimensions. Thus 
reverberation is not the decay of a 
diffuse sound field but the decay of a 
well defined pattern of sound distribu­
tion over the whole of the room volume. 
The sound .field becomes less diffuse and 
more ordered as the decay proceeds, 
with the sound energy concentrated in 
the narrow frequency bands that con­
stitute the modes of oscillation charac­
teristic of the room. This is particularly. 
true at the low frequency end of the 
spectrum. 

Following this digression we can go 
back to consider the effect of the loud­
speaker polar diagram on the resultant 
sound field in the room. There will 
clearly be no significant effect on the 
energy in the sounds that arrive first by 
the most direct path, for the room 
boundaries will have had no oppor­
tunity of reacting on the sound. 

The sounds in group 2 that arrive by 
the second route during the first few 
milliseconds following the arrival of the 
direct sound will be affected by the 
polar distribution of the loudspeaker. At 

· those frequencies at which the polar 
distribution is very narrow, generally 
the higher frequencies, the sound 
energy arriving during the first few 
milliseconds will be decreased, for less 
energy will strike the room boundaries 
in the vicinity of the speaker and be 
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reflected from these boundaries. Thus 
the first effect of a narrow polar dia­
gram is to minimise the intensity of the 
.sound in the reflections occurring 
!during the first few milliseconds. If the 
·loudspeaker is pointing down the length 
of the room the sound energy in the 
reflection from the far end walls will be 
increased. 

The sound energy in the 3rd group of 
reflections is more radically modified by 
a loudspeaker having a narrow polar 
diagram. Assuming the simplest pos­
sible case where the direct sound energy 
is all concentrated in a forward facing 
beam from a loudspeaker pointing 
down the room, there is then no energy 
fed directly into the resonant room 
modes ether than the main length mode 
and its harmonics. Those modes of room 
resonance in which the sound energy 
oscillates along the width and height 
axes of the room receive no energy from 
the loudspeaker until it is scattered into 
these modes after many reflections 
from the boundaries at the ends of the 
room. In consequence the width and 
height modes will have no effect in 
colouring the early sounds but will 
colour the sounds arriving at the lis­
tener's ears 20 to 300ms after the direct 
sound. 

In contrast a loudspeaker radiating 
isotropically will feed sound energy into 
all the room modes immediately it is 
excited. This energy will then be con-

o• 

centrated into all the mode characteris­
tics of the room shape and the sound . 
intensity in each mode will grow and . 
decay at a rate controlled by the energy 
absorption in that particular mode. 
Each individual mode of resonance will 
have its own characteristic reverbera­
tion time with the important difference 
that all the room modes begin to be 
excited almost immediately the loud­
speaker is excited. 

Thus a listener sitting on the axis of a 
loudspeaker having a narrow polar dia­
gram will hear sound that differs from 
that heard from a loudspeaker having a 
wide polar diagram, even though both 
speakers have a flat on-axis response. If 
the polar diagram is narrow the earlier 
reflection will be minimised and the 
later reflection wil1 carry most of the 
sound energy. If the polar distribution 
covers a wide angle then the sound 
energy tends towards being uniformly 
distributed over all the early and late 
reflections, the sound energy /time dis­
tribution being determined by factors 

. other than the loudspeaker polar dia­
gram. 

A loudspeaker having a "narrowish' 
polar diagram invariant with frequency 
will always tend to minimise the effect 
of the room acoustics on the quality of 
sound reproduced in the room. Dipole 
radiators such as the electrostatic 
speaker or a cone type loudspeaker in a 
flat baffle will sound rather 'dry' in some 

Fig. 1. Typical polar diagram, gtvmg variation in sound pressure level at 
points relative to the axis of a loudspeaker. Plots at three different 
frequencies are shown. 
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rooms, particularly those with a short 
reverberation time. A dipole radiator . 
has no radiation in the plane of the 
diaphragm and thus provides the mini­
mum excitation of the height and width 
room modes. Appropriate placement of 
the speaker allows one to vary the 
modal excitation to suit the room cha­
racteristics,an advantage not possessed 
by a speaker having a wider polar dia­
gram. 

The obvious alternative, the use of a 
loudspeaker system that radiates 
equally in all directions, proves to be 
almost equally unacceptable, the stereo 
image being diffuse and only vaguely 
_located. It is significa11t that over the 
hist twenty years many loudspeakers 
have appeared on the market with 
claims to a high degree of uniformity of 
the sound power distribution round the 
loudspeaker, but almost all of them 
have vanished from the field after a 
relatively short burst of popularity. This 
suggests that there is some optimum 
distribution of sound energy in front of 
a loudspeaker if the stereo image is to be 
well defined and the sound quality is to · 
_be 'soft and non-tiring' to the listener. 

It would be of considerable value if 
the optimum polar distribution for a 
domestic speaker could be specified, but 
so far this has eluded definition, for it is 
difficult in the present stage of the art to 
design an experiment that will provide 
an even moderately unambiguous 

ranswer to the question, particularly in 
small domestic sized rooms. A start can 
be made by outlining the methods of 
defining the polar diagram of a loud­
speaker. 

The variation in sound pressure level' 
at points off the axis of a loudspeaker is 
generally indicated by · a polar point 
typified by Fig. 1, showing the sound 
pressure level round the loudspeaker at 
a few representative frequencies in the 
azimuthal plane. This plot does not 
make the performance particularly 
obvious when this has to be subjectively 
judged. The sound pressure level 
usually changes much more rapidly 
with change in the vertical angle than 
with changes in the azimuthal angle._ 
Thus any specification of the polar dis­
tribution over the space in front of the 
loudspeaker requires polar diagrams in 
two planes at least, but even given this, 
it requires some mental gymnastics to 
visualise the distribution over the inter­
mediate angles. It requires even more 
mental gymnastics to come to any rea­
soned decision about the subjective 
results of the variation in polar response 
with frequency. The off-axis frequency 
response of most speaker systems is 
markedly more irregular than the axial 
frequency response, but the irregular­
ities may not be obvious for ·the 
standard form of polar diagram displays 
the performance at only a few frequen­
cies. 

An alternative prese.ntation that has 
several advantages is to plot the 
frequency response on the speaker axis 
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Fig. 2. An alternative presentation of 
speaker directivity to that in Fig 1. The 
frequency response is plotted for the 
speaker axis and for other angular dis­
tances from the axis. 

and at 15° or 30° intervals off the axis 
much as shown in Fig. 2. This makes th~ 
change· in the frequency response off- · 
axis easier to visualise, but it is still 
necessary to have a second set of re­
sponse curves to illustrate the change in 
frequency response with change in the 
vertical angle. 

During the past few years, a third 
possible presentation has appeared and 
as it has several advantages it deserves 

. consideration. The basic change is the 
use of sound power rather than sound 
pressure as the parameter indicating the 
change in output with change in the 
angular displacement of the list~ner 
from the axis. 

If the sound pressure distribution 
round the loudspeaker enclosure is not 
uniform at all frequencies execpt when 
measured on the axis of the system, it 
will be obvious that the total radiated 
sound power will decrease with increase 
·in frequency. Thus a flat axial sound 
pressure/frequency response usually 
indicates that the sound power/ 
frequency response is not uniform but 
falls off. with increase in frequency. 
Conversely a flat (uniform) so-und. 
power/frequency relation usually indi­
cates that the axial sound pressure 1 
frequency response rises with in- · 
creasing frequency. 

The extent to which the sound 
power /frequency response varies with 
frequency can be conveniently indi- ' 
cated by quoting either the "Q" or the 
Directivity Index (DI = 10 log ''Q") of 
the loudspeaker. As the use of sound 
power in specifying speaker directivity 
is probably a new · concept to many 
readers (and "Q" an unfortunate choice 
of symbol) it will be explained more 
fully. 

Sound power is proportional to the 
sound pressure squared so the 
parameter "Q" is the ratio of the total 
power actually radiated to the power 
that would be radiated if the axial sound 
pressure was maintained constant all 
round the loudspeaker. When this uni­
formity of distribution is achieved the 

loudspeaker has a "Q" of 1. It is a 
condition that is usually approximated 
at low frequencies. "Q" is the trans­
atlantic term but the "Directivity In­
dex" appears more appropriate in view 
of the prior use of Q to describe the 
performance of tuned circuits etc. 
- Fig. 3 shows the "Q" /frequency rela~ · 
tion for a well-known three-unit system 
when measured in the open. air. When 
measured in a roo~ with the speaker 
back against a wall the "Q" will be 
increased in the low frequency range for · 
the working "Q" is affected by the 

. proximity of the walls. However, when 
considering the effect of the speaker 
directivity on the acoustic performance 
of the room it is the "Q" measured in the 
open air that is significant and not the 
"Q" that results from the speaker 
radiation being controlled by the room 

·walls. 
In the higher frequency band, and 

assuming that the speaker system has a 
flat frequency response when measured 
on the axis, the off-axis output will fall 
away and in consequence "Q" or "DI" 
will rise. A typical current speaker sys­
tem will have a "Q" around 4 at 
frequencies in the 3·-5 kHz region. 

Omni-directional loudspeakers have 
been tried by several speaker manufac­
turers and are generally considered 
unsatisfactory but the reasons for this 
are hard to define with any real convic­
tion. Increasing the directivity of a 
speaker system results in a design that 
has the radiated acoustic power con­
centrated in a solid angle less than 360° 
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Fig. 3. Plot of "Q" against frequency for 
a typical three-unit speaker system. 
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and this has proved advantageous. It 
might even be said to be essential if a 
good stereo image is to be obtained. 
Unfortunately if has not yet proved 
possible to design a loudspeaker that 
has uniform directivity at all frequen­
Cies in the audio band. Though it has not 
provedpossible to achieve this uniform­
ity _of distribution it is interesting to 
speculate on the reasons for thinking · 
that it should be the target. 

Achieving a good solid and finn 
stereo image requires a high ratio of 
direct to reflected sound, for it is only 
the direct sound that carries the basic. 
information about the location of the 
stereo image in the space between the 
loudspeaker~. The sound reflected from 
the room boundaries, particularly those 
in the vicinity of the spea"ker, can only 
serve to dilute the basic directional 
information. Thus to achieve a good 
stereo image we need to minimise the 
amount of reflected sound. One obvious 
way of achieving this is to design the 
loudspeaker and locate it in the room in 
a position that minimises the amount of 
sound falling on the room walls. The 
required result cannot be achieved by 
covering the room surfaces with sound 
(lbsorbent, attractively simple though 
.this solution .may appear, for this. 
reduces all the wall reflections, whereas 
an increase in speaker directivity in­
creases the in.tensity of the direct sound 
and reduces the . intensity of the early 
reflections and it is this we wish to 
achieve. 

Room sizes 
In large rooms of average proportions· 
where the working "Q" is not 
significantly affected by the proximity 
of the room boundaries, experiments 
involving the subjective judgement of 
the acceptable loss in speech intel­
ligibility suggests that a "Q" in the . 
region of 20 at frequencies above 500Hz 
is about right. In domestic sized rooms a 
"Q" around 10 appears reasonable but 
more evidence on this aspect is re­
quired. This is not easy to obtain for 
design changes are necessary to change 
the "Q" and in the present stage of our 
knowledge it is impossible to change 
"Q" without affecting several other 
parameters that affect the sound 
quality . Uniformity of the "Q" 1 
frequency relation over the frequency 
band between 500Hz and 10kHz seems 
more important than the absolute 
value. 

At present it appears fundamentally 
impossible to design a speaker with 
substantially constant directivity over 
the audio frequency band. Constant 
directivity demands a sound radiator 
having a diameter that is inversely pro­
portional to frequency and this we can­
not achieve in a practical design. How­
ever, though a direct solution appears 
impossible it may be possible to 
circumvent the problem, an aspect 

Continued on page 96 
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reflected from these boundaries. Thus 
the first effect of a narrow polar dia­
gram is to minimise the intensity of the 
.sound in the reflections occurring 
!during the first few milliseconds. If the 
·loudspeaker is pointing down the length 
of the room the sound energy in the 
reflection from the far end walls will be 
increased. 

The sound energy in the 3rd group of 
reflections is more radically modified by 
a loudspeaker having a narrow polar 
diagram. Assuming the simplest pos­
sible case where the direct sound energy 
is all concentrated in a forward facing 
beam from a loudspeaker pointing 
down the room, there is then no energy 
fed directly into the resonant room 
modes ether than the main length mode 
and its harmonics. Those modes of room 
resonance in which the sound energy 
oscillates along the width and height 
axes of the room receive no energy from 
the loudspeaker until it is scattered into 
these modes after many reflections 
from the boundaries at the ends of the 
room. In consequence the width and 
height modes will have no effect in 
colouring the early sounds but will 
colour the sounds arriving at the lis­
tener's ears 20 to 300ms after the direct 
sound. 

In contrast a loudspeaker radiating 
isotropically will feed sound energy into 
all the room modes immediately it is 
excited. This energy will then be con-

o• 

centrated into all the mode characteris­
tics of the room shape and the sound . 
intensity in each mode will grow and . 
decay at a rate controlled by the energy 
absorption in that particular mode. 
Each individual mode of resonance will 
have its own characteristic reverbera­
tion time with the important difference 
that all the room modes begin to be 
excited almost immediately the loud­
speaker is excited. 

Thus a listener sitting on the axis of a 
loudspeaker having a narrow polar dia­
gram will hear sound that differs from 
that heard from a loudspeaker having a 
wide polar diagram, even though both 
speakers have a flat on-axis response. If 
the polar diagram is narrow the earlier 
reflection will be minimised and the 
later reflection wil1 carry most of the 
sound energy. If the polar distribution 
covers a wide angle then the sound 
energy tends towards being uniformly 
distributed over all the early and late 
reflections, the sound energy /time dis­
tribution being determined by factors 

. other than the loudspeaker polar dia­
gram. 

A loudspeaker having a "narrowish' 
polar diagram invariant with frequency 
will always tend to minimise the effect 
of the room acoustics on the quality of 
sound reproduced in the room. Dipole 
radiators such as the electrostatic 
speaker or a cone type loudspeaker in a 
flat baffle will sound rather 'dry' in some 

Fig. 1. Typical polar diagram, gtvmg variation in sound pressure level at 
points relative to the axis of a loudspeaker. Plots at three different 
frequencies are shown. 
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rooms, particularly those with a short 
reverberation time. A dipole radiator . 
has no radiation in the plane of the 
diaphragm and thus provides the mini­
mum excitation of the height and width 
room modes. Appropriate placement of 
the speaker allows one to vary the 
modal excitation to suit the room cha­
racteristics,an advantage not possessed 
by a speaker having a wider polar dia­
gram. 

The obvious alternative, the use of a 
loudspeaker system that radiates 
equally in all directions, proves to be 
almost equally unacceptable, the stereo 
image being diffuse and only vaguely 
_located. It is significa11t that over the 
hist twenty years many loudspeakers 
have appeared on the market with 
claims to a high degree of uniformity of 
the sound power distribution round the 
loudspeaker, but almost all of them 
have vanished from the field after a 
relatively short burst of popularity. This 
suggests that there is some optimum 
distribution of sound energy in front of 
a loudspeaker if the stereo image is to be 
well defined and the sound quality is to · 
_be 'soft and non-tiring' to the listener. 

It would be of considerable value if 
the optimum polar distribution for a 
domestic speaker could be specified, but 
so far this has eluded definition, for it is 
difficult in the present stage of the art to 
design an experiment that will provide 
an even moderately unambiguous 

ranswer to the question, particularly in 
small domestic sized rooms. A start can 
be made by outlining the methods of 
defining the polar diagram of a loud­
speaker. 

The variation in sound pressure level' 
at points off the axis of a loudspeaker is 
generally indicated by · a polar point 
typified by Fig. 1, showing the sound 
pressure level round the loudspeaker at 
a few representative frequencies in the 
azimuthal plane. This plot does not 
make the performance particularly 
obvious when this has to be subjectively 
judged. The sound pressure level 
usually changes much more rapidly 
with change in the vertical angle than 
with changes in the azimuthal angle._ 
Thus any specification of the polar dis­
tribution over the space in front of the 
loudspeaker requires polar diagrams in 
two planes at least, but even given this, 
it requires some mental gymnastics to 
visualise the distribution over the inter­
mediate angles. It requires even more 
mental gymnastics to come to any rea­
soned decision about the subjective 
results of the variation in polar response 
with frequency. The off-axis frequency 
response of most speaker systems is 
markedly more irregular than the axial 
frequency response, but the irregular­
ities may not be obvious for ·the 
standard form of polar diagram displays 
the performance at only a few frequen­
cies. 

An alternative prese.ntation that has 
several advantages is to plot the 
frequency response on the speaker axis 
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Fig. 2. An alternative presentation of 
speaker directivity to that in Fig 1. The 
frequency response is plotted for the 
speaker axis and for other angular dis­
tances from the axis. 

and at 15° or 30° intervals off the axis 
much as shown in Fig. 2. This makes th~ 
change· in the frequency response off- · 
axis easier to visualise, but it is still 
necessary to have a second set of re­
sponse curves to illustrate the change in 
frequency response with change in the 
vertical angle. 

During the past few years, a third 
possible presentation has appeared and 
as it has several advantages it deserves 

. consideration. The basic change is the 
use of sound power rather than sound 
pressure as the parameter indicating the 
change in output with change in the 
angular displacement of the list~ner 
from the axis. 

If the sound pressure distribution 
round the loudspeaker enclosure is not 
uniform at all frequencies execpt when 
measured on the axis of the system, it 
will be obvious that the total radiated 
sound power will decrease with increase 
·in frequency. Thus a flat axial sound 
pressure/frequency response usually 
indicates that the sound power/ 
frequency response is not uniform but 
falls off. with increase in frequency. 
Conversely a flat (uniform) so-und. 
power/frequency relation usually indi­
cates that the axial sound pressure 1 
frequency response rises with in- · 
creasing frequency. 

The extent to which the sound 
power /frequency response varies with 
frequency can be conveniently indi- ' 
cated by quoting either the "Q" or the 
Directivity Index (DI = 10 log ''Q") of 
the loudspeaker. As the use of sound 
power in specifying speaker directivity 
is probably a new · concept to many 
readers (and "Q" an unfortunate choice 
of symbol) it will be explained more 
fully. 

Sound power is proportional to the 
sound pressure squared so the 
parameter "Q" is the ratio of the total 
power actually radiated to the power 
that would be radiated if the axial sound 
pressure was maintained constant all 
round the loudspeaker. When this uni­
formity of distribution is achieved the 

loudspeaker has a "Q" of 1. It is a 
condition that is usually approximated 
at low frequencies. "Q" is the trans­
atlantic term but the "Directivity In­
dex" appears more appropriate in view 
of the prior use of Q to describe the 
performance of tuned circuits etc. 
- Fig. 3 shows the "Q" /frequency rela~ · 
tion for a well-known three-unit system 
when measured in the open. air. When 
measured in a roo~ with the speaker 
back against a wall the "Q" will be 
increased in the low frequency range for · 
the working "Q" is affected by the 

. proximity of the walls. However, when 
considering the effect of the speaker 
directivity on the acoustic performance 
of the room it is the "Q" measured in the 
open air that is significant and not the 
"Q" that results from the speaker 
radiation being controlled by the room 

·walls. 
In the higher frequency band, and 

assuming that the speaker system has a 
flat frequency response when measured 
on the axis, the off-axis output will fall 
away and in consequence "Q" or "DI" 
will rise. A typical current speaker sys­
tem will have a "Q" around 4 at 
frequencies in the 3·-5 kHz region. 

Omni-directional loudspeakers have 
been tried by several speaker manufac­
turers and are generally considered 
unsatisfactory but the reasons for this 
are hard to define with any real convic­
tion. Increasing the directivity of a 
speaker system results in a design that 
has the radiated acoustic power con­
centrated in a solid angle less than 360° 
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Fig. 3. Plot of "Q" against frequency for 
a typical three-unit speaker system. 
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and this has proved advantageous. It 
might even be said to be essential if a 
good stereo image is to be obtained. 
Unfortunately if has not yet proved 
possible to design a loudspeaker that 
has uniform directivity at all frequen­
Cies in the audio band. Though it has not 
provedpossible to achieve this uniform­
ity _of distribution it is interesting to 
speculate on the reasons for thinking · 
that it should be the target. 

Achieving a good solid and finn 
stereo image requires a high ratio of 
direct to reflected sound, for it is only 
the direct sound that carries the basic. 
information about the location of the 
stereo image in the space between the 
loudspeaker~. The sound reflected from 
the room boundaries, particularly those 
in the vicinity of the spea"ker, can only 
serve to dilute the basic directional 
information. Thus to achieve a good 
stereo image we need to minimise the 
amount of reflected sound. One obvious 
way of achieving this is to design the 
loudspeaker and locate it in the room in 
a position that minimises the amount of 
sound falling on the room walls. The 
required result cannot be achieved by 
covering the room surfaces with sound 
(lbsorbent, attractively simple though 
.this solution .may appear, for this. 
reduces all the wall reflections, whereas 
an increase in speaker directivity in­
creases the in.tensity of the direct sound 
and reduces the . intensity of the early 
reflections and it is this we wish to 
achieve. 

Room sizes 
In large rooms of average proportions· 
where the working "Q" is not 
significantly affected by the proximity 
of the room boundaries, experiments 
involving the subjective judgement of 
the acceptable loss in speech intel­
ligibility suggests that a "Q" in the . 
region of 20 at frequencies above 500Hz 
is about right. In domestic sized rooms a 
"Q" around 10 appears reasonable but 
more evidence on this aspect is re­
quired. This is not easy to obtain for 
design changes are necessary to change 
the "Q" and in the present stage of our 
knowledge it is impossible to change 
"Q" without affecting several other 
parameters that affect the sound 
quality . Uniformity of the "Q" 1 
frequency relation over the frequency 
band between 500Hz and 10kHz seems 
more important than the absolute 
value. 

At present it appears fundamentally 
impossible to design a speaker with 
substantially constant directivity over 
the audio frequency band. Constant 
directivity demands a sound radiator 
having a diameter that is inversely pro­
portional to frequency and this we can­
not achieve in a practical design. How­
ever, though a direct solution appears 
impossible it may be possible to 
circumvent the problem, an aspect 

Continued on page 96 
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Sidebands as phasors 
Depicting the mechanism of modulatiop: 2 -frequency modulation 

byJ. M. Osborne M.A., F.lnst.P. South London Science Centre 

A previous articie, in the September issue, · 
outlined the general principle of using 
phasors to represent carriers and side­
bands and showed how this could be 
applied to amplitude modulation, d.s.b. 
and s.s.b. The author now goes on to use 
this method of representation to illustrate 
freguency modulation. 

IMAGINE A PHASOR swinging like a 
pendulum. The fact that it is looked at 
sideways in Fig. 11 (right) is because we 
are going to take the equilibrium posi­
tion of our phasor as horizontal (my 
whim) whereas of course the bob of a 
pendulum hangs vertically. 

\Ve have a phasor which is 
periodically gaining and losing phase (6) 
relative to an imaginary reference pha­
sor. For comparison with the situation 
of Fig. 1 (September issue), we might 
consider the reference phasor as· 
representing a carrier of 1MHz and the 
swinging phasor as having a period of 
1ms, i.e. a frequency of 1kHz. The 
swinging phasor represents a _phase . 
modulation of 6 as shown in Fig. 12(a)_. 
That it afso represents frequency 
modulation is easily established when 
we consider the phasor at the instant it 
is passing through the equilibrium posi­
tion. In one direction (anticlockwise) it 
is · rotating faster than the imaginary 
reference phasor and so has a higher 
frequency; in the clockwise direction it 
has a lower frequency. At the moment it 
reaches the extremities of its swing the 
phasor is stationary and has the same 
frequency as the reference. This is 
sh(}wn in Fig. 12(b ). The frequency is 
gaining and losing on the 1MHz 
reference at 1kHz. This is frequency 
modulation at 1kHz of a carrier of 1 MHz 
as shown diagrammatically in Fig. 12(c} 
-diagrammatically because we cannot 
show one thousand cycles of the carrier 
in one millisecond on our time (t) axis. 

So far we have shown the identity in 
this simple case of phase and frequency 
modulation. The same swinging phasor 
of Fig. 11. gains and loses a phase angle 0 
at the modulation frequency (Fig. 12(a)) 
and likewise gains and loses frequency 
on the reference (Fig. 12(b)). 

I have said nothing about the depth of 
frequency modulation, only that f.m. is 
present. The depth (or should I say, 
degree) of phase modulation is 6. (See 
Appendix 1.) In fact the relation is easily 
derived by any one who has studied the 

simple pendulum and s.h.m. at school, 
The relation is ~F If= 0 where ~F is the; 
frequency excursion added to or sub-' 
tracted from the carrier frequency Fo: 
The angular swing 0 of the phasor 
represents the depth of phase modula­
tion (that is . 6 is proportional to the 
amplitude of the modulation). ~F 
represents the depth of frequency 
modulation (that is, ~F is proportional 
to the amplitude of the fD:Odulation). 

Fig. 11. A swinging pendulum as the 
model for a swinging phasor (right), 
except that the phasor is shown on its 
side instead of hanging vertically. This 
·represents a signal whose phase angle 
is periodically gaining and losing 
relative to an imaginary reference 
phasor. 

1ms ,.,ePvW 
,.,_:J\;~ 
Carrier 
amplitude 

(c) 

Fig. 12. Phase modulation 6 of the 
swinging phasor in Fig. 11 is assumed 
to have a frequency of 1kHz and period 
of 1ms, (b) shows how the swinging · 
phasor also represents frequency 
modulation, while (c) is a rough 
diagram of the frequency modulation 
of a carrier. 

. The higher the modulating frequency f, 
the faster the phasor swings back and 
forth through its angular (phase) dis­
placement 6 and faster it swings 
through the mid position. As indicated 
above the faster it swings, the greater 
the frequency deviation AF above and 
below the carrier frequency F0 • (See . 
Appendix 2.) 

The relation between f.m. and phase 
modulation (p.m.) is illustrated by con­
sidering the effect, one on the other, of · 
modulation by a square wave. In Fig. 
13{a) the square wave suddenly flips the 
frequency from the carrier F 0 .to either 
F 

0 
+ AF or F 0 -AF. In the first case the 

phasor is rotating faster than the 
reference F0 phasor so the phase angle 8 
is gaining linearly with time. Con­
versely; during the negative portion of 
.the square wave it loses linearly. The 
variation of phase with time is therefore 
of sawtooth form, as shown in Fig. 
13(b). . 

If the phase is modulated with a 
square wave (see Fig. 14{a)) the 
frequency remains constant during the 
time the phasor is advanced or retarded, 
but (in theory at least) it jumps instant­
aneously to plus infinity while the phase 
changes instantaneously to + A6, and 
likewise to minus infinity during the 
phase excursion to -~6 (see Fig. 14{b)). 

The difference between p.m. and f.m. 
contained in the modulation index is 
easily thought of in phasor terms. As we 
increase the amplitude of the 
modulating signal we increase 6 in p.m. 
and ~F in f.m. If we increase the 
·frequency of the modulating signal, 
keeping the amplitude constant, for f.m. 
AF remains constant but 6 ·increases in 
direct proportion. The faster we swing. 

!J.F·----, 

I. 

(a) 

Fig. 13. Square wave frequency 
modulation is shown at (a) and the 
corresponding variation of the phase 
angle at (b). 
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Fig. 14. Square wave phase modulation 
is shown at (a) and the corresponding 
variation of the frequency at (b). · 

the phasor through the equilibrium 
position the further it swings· before 
coming to rest. 

This is most important when we come 
to sidebands in f.m. since, as we shall 
see, the bandwidth required depends on 
both the modulating frequency and the 
:angle swept out by the phasor. It will be 
seen that the combination of the two 
effects is such as to require 
;approximately the same bandwidth for 
both high and low modulating frequen­
cies. In this sense f.m., unlike p.m., 
·makes effective use of the channel allo­
cated to a service by occupying it for 
most of the time, irrespective of 
whether. the instantaneous modulating 
frequency is high or low. \Vhile the 
bandwidth is much greater, typically 
about five times for an index of five, 
than for the corresponding a.m. it brings 
a significant improvement in noise per­
formance. (The most obvious improve­
ment com.es from the receiver 
amplitude limiter. The receiver dis­
criminator responds only to changes in 
frequency, not amplitude; noise spikes 
such as ignition interference give virtu­
ally no output. Noise can only produce 
output if it results in phase distortion of 
the signal.) 

F .m. sidebands 
Frequency modulation is sometimes 
roughly described (for a sine wave 
modulating signal) as varying the sine 
wave carrier frequency (of coi}stant 
amplitude) sinusoidally at the 
modulating frequency. Such a descrip­
tion is illustrated by Fig. 12(c). How­
ever, the same reasoning as we applied 
to a.m., illustrated in Fig. 4, leads to the 
same consequence. Fig. 12(c) is not a 
sine wave changing in frequency. Th~s is 
a "nonsense statement" since. the slope 
of the wave must be changing (as the 
frequency changes) and it cannot 
therefore be part of a frequency 
modulated "sine" wave. As with a.m., 
phasors give a rational explanation. 

A starting point is to refer to Fig. g_ 
The phasor resultant is obtained by 
combining the a.m. sidebands with a 
carrier in quadrature (goo out of phase 
with the original a.m. carrier). The con­
sequence of combining three sine 

waves, upper and lower sidebands and 
carrier in quadrature, is to produce a 
swinging phasor resultant of 
approximately constant amplitude. For 
phase swings of up to ± 30° the 
amplitude is generally acceptable as 
being constant and this means that we 
have p.m. In engineering practice this 
can be achieved from, but shifted goo in 
phase from, the original carrier. (The 
original carrier is that used to drive the 
balanced modulator, the output of 
which leaves only the sidebands as the 
carrier is balanced out.) Such a system 
of p.m. provides the core of the 'Arm­
strong' f.m. modulat.or. However, as e is 
proportional to the modulating 
amplitude, this gives AF If and not the 
M required for f.m. The modulating 
signal, in practice, is processed by a 
suitable frequency I gain characteristic 
in the modulating amplifier which pre- . 
cedes the balanced modulator. 

This is shown in Fig. 15(a). The or­
iginal modulating signal is no longer 
constant with rising modulating 
frequency but is inversely proportional 
to frequency · owing to the progressive 
reduction in the reactance of the 
capacitor, which decreases output as f 
increases. The output of the combined 
modulating amplifier, R C, balanced 
modulator is added to the goo phase 
shifted carrier, giving a constant 
ampfftude frequency modulated signal 
of the required characteristic, AF If ex 6. 
This is shown in Fig. 15(b ). As described 
8 must be limited to ± 30° if the result­
ant is to remain of approximately con­
stant amplitude. The approximation is 
that tan e ~ 6 (which is true for small 
values of 6) as may be seen by com~ 
paring the Fig. g resultant with the ideal 

Modulating 
signal in 

(a) 

(b) 

I 
Modulating signal out 

' ( oc 1A) 

r f. amplifier 
& aerial 

carrier 

, Balanced 
modulator 

Stable r. f. 
oscillator 

go• phase shift 
of r.f. 

Fig. 15. (a) Circuit that processes a 
modulating signal so that it becomes 
inversely proportional to frequency. (b) 
Practical system in which output from 
a modulating amplifier and the (a) 
circuit is added to 90° phase shifted 
carrier to give a constant amplitude 
f.m. signal. 
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·swinging phasor of Fig. 11, shown 
together in Fig. 16. 

For a given amplitude. of frequency 
modulation, 6 grows as the modulating 
frequency decreases. For a given ~F 
(which is directly proportional to 
amplitude of modulation in f.m.) the 
phasor has to swing at a corresponding 
speed back and forth through the 
equilibrium position, i.e. the instant 
when the phasor is passing through the 
zero phase displacement (6t = 0). The 
lower the modulating frequency (i.e. the 
period of swing of the phasor) the 
further it swings before coming to rest 
(i.e. the bigger is e, the phase excursion). 
The consequence of this is that only 
narrow band (small value ~F) f.m. is 
possible with this technique since e is 
limited to ± 30° or so. However, by 
carrying out the process outlined in Fig. 

' 15(b) at a low crystal oscillator 
frequency and then multiplying the 
frequency many times, by a succession 
of doubler, tripler stages etc. a wide 
band (large ~F) f.m. signal can be 
obtained in, say, the v.h.f. band. The 
crude, if obvious, technique of directly 
altering an h.f. or v.h.f. oscillator by a 
variable reactance across a tuned 
circuit (e.g. a capacitor microphone as · 
part of the oscillator LC. circuit) leaves 
the c&rrier frequency too unstable for 
mo~t practical purposes. 

More sidebands in f.m. 
If we take a closer look at the 
approximation implied in Fig.16 we can 
say that the amplitude of the generated 
swinging phasor is too long when e is a 
maximum or too short when 6 is zero. If 
we could correct the amplitude by a 
small amount 8x as shown in Fig. 17 we 
should be closer to achieving our per­
fect fixed amplitude swinging phasor. 
\Ve have to amplitude modulate the 
resultant by a small amount 8x at twice 
the modulating frequency, the phasor 
swinging frequency. This can be done 
by another pair of sidebands of twice 
the modulating frequency. These are 
small in amplitude and phase related to 
the unmodulated reference phasor as in 
the a.m. of Figs. 7 and 8 (we have turned 
our diagram through 90° 'in going from 
Figs. 7 and 8 to Fig. 17 and reduced the 
sideband amplitude but have not other­
wise changed the situation). Our 

Fig. 16. Comparing the resultant in Fig. 
9 (September issue) with the ideal 
swinging phasor of Fig. 11 (right). 
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Sidebands as phasors 
Depicting the mechanism of modulatiop: 2 -frequency modulation 

byJ. M. Osborne M.A., F.lnst.P. South London Science Centre 

A previous articie, in the September issue, · 
outlined the general principle of using 
phasors to represent carriers and side­
bands and showed how this could be 
applied to amplitude modulation, d.s.b. 
and s.s.b. The author now goes on to use 
this method of representation to illustrate 
freguency modulation. 

IMAGINE A PHASOR swinging like a 
pendulum. The fact that it is looked at 
sideways in Fig. 11 (right) is because we 
are going to take the equilibrium posi­
tion of our phasor as horizontal (my 
whim) whereas of course the bob of a 
pendulum hangs vertically. 

\Ve have a phasor which is 
periodically gaining and losing phase (6) 
relative to an imaginary reference pha­
sor. For comparison with the situation 
of Fig. 1 (September issue), we might 
consider the reference phasor as· 
representing a carrier of 1MHz and the 
swinging phasor as having a period of 
1ms, i.e. a frequency of 1kHz. The 
swinging phasor represents a _phase . 
modulation of 6 as shown in Fig. 12(a)_. 
That it afso represents frequency 
modulation is easily established when 
we consider the phasor at the instant it 
is passing through the equilibrium posi­
tion. In one direction (anticlockwise) it 
is · rotating faster than the imaginary 
reference phasor and so has a higher 
frequency; in the clockwise direction it 
has a lower frequency. At the moment it 
reaches the extremities of its swing the 
phasor is stationary and has the same 
frequency as the reference. This is 
sh(}wn in Fig. 12(b ). The frequency is 
gaining and losing on the 1MHz 
reference at 1kHz. This is frequency 
modulation at 1kHz of a carrier of 1 MHz 
as shown diagrammatically in Fig. 12(c} 
-diagrammatically because we cannot 
show one thousand cycles of the carrier 
in one millisecond on our time (t) axis. 

So far we have shown the identity in 
this simple case of phase and frequency 
modulation. The same swinging phasor 
of Fig. 11. gains and loses a phase angle 0 
at the modulation frequency (Fig. 12(a)) 
and likewise gains and loses frequency 
on the reference (Fig. 12(b)). 

I have said nothing about the depth of 
frequency modulation, only that f.m. is 
present. The depth (or should I say, 
degree) of phase modulation is 6. (See 
Appendix 1.) In fact the relation is easily 
derived by any one who has studied the 

simple pendulum and s.h.m. at school, 
The relation is ~F If= 0 where ~F is the; 
frequency excursion added to or sub-' 
tracted from the carrier frequency Fo: 
The angular swing 0 of the phasor 
represents the depth of phase modula­
tion (that is . 6 is proportional to the 
amplitude of the modulation). ~F 
represents the depth of frequency 
modulation (that is, ~F is proportional 
to the amplitude of the fD:Odulation). 

Fig. 11. A swinging pendulum as the 
model for a swinging phasor (right), 
except that the phasor is shown on its 
side instead of hanging vertically. This 
·represents a signal whose phase angle 
is periodically gaining and losing 
relative to an imaginary reference 
phasor. 

1ms ,.,ePvW 
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Carrier 
amplitude 

(c) 

Fig. 12. Phase modulation 6 of the 
swinging phasor in Fig. 11 is assumed 
to have a frequency of 1kHz and period 
of 1ms, (b) shows how the swinging · 
phasor also represents frequency 
modulation, while (c) is a rough 
diagram of the frequency modulation 
of a carrier. 

. The higher the modulating frequency f, 
the faster the phasor swings back and 
forth through its angular (phase) dis­
placement 6 and faster it swings 
through the mid position. As indicated 
above the faster it swings, the greater 
the frequency deviation AF above and 
below the carrier frequency F0 • (See . 
Appendix 2.) 

The relation between f.m. and phase 
modulation (p.m.) is illustrated by con­
sidering the effect, one on the other, of · 
modulation by a square wave. In Fig. 
13{a) the square wave suddenly flips the 
frequency from the carrier F 0 .to either 
F 

0 
+ AF or F 0 -AF. In the first case the 

phasor is rotating faster than the 
reference F0 phasor so the phase angle 8 
is gaining linearly with time. Con­
versely; during the negative portion of 
.the square wave it loses linearly. The 
variation of phase with time is therefore 
of sawtooth form, as shown in Fig. 
13(b). . 

If the phase is modulated with a 
square wave (see Fig. 14{a)) the 
frequency remains constant during the 
time the phasor is advanced or retarded, 
but (in theory at least) it jumps instant­
aneously to plus infinity while the phase 
changes instantaneously to + A6, and 
likewise to minus infinity during the 
phase excursion to -~6 (see Fig. 14{b)). 

The difference between p.m. and f.m. 
contained in the modulation index is 
easily thought of in phasor terms. As we 
increase the amplitude of the 
modulating signal we increase 6 in p.m. 
and ~F in f.m. If we increase the 
·frequency of the modulating signal, 
keeping the amplitude constant, for f.m. 
AF remains constant but 6 ·increases in 
direct proportion. The faster we swing. 

!J.F·----, 

I. 

(a) 

Fig. 13. Square wave frequency 
modulation is shown at (a) and the 
corresponding variation of the phase 
angle at (b). 
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Fig. 14. Square wave phase modulation 
is shown at (a) and the corresponding 
variation of the frequency at (b). · 

the phasor through the equilibrium 
position the further it swings· before 
coming to rest. 

This is most important when we come 
to sidebands in f.m. since, as we shall 
see, the bandwidth required depends on 
both the modulating frequency and the 
:angle swept out by the phasor. It will be 
seen that the combination of the two 
effects is such as to require 
;approximately the same bandwidth for 
both high and low modulating frequen­
cies. In this sense f.m., unlike p.m., 
·makes effective use of the channel allo­
cated to a service by occupying it for 
most of the time, irrespective of 
whether. the instantaneous modulating 
frequency is high or low. \Vhile the 
bandwidth is much greater, typically 
about five times for an index of five, 
than for the corresponding a.m. it brings 
a significant improvement in noise per­
formance. (The most obvious improve­
ment com.es from the receiver 
amplitude limiter. The receiver dis­
criminator responds only to changes in 
frequency, not amplitude; noise spikes 
such as ignition interference give virtu­
ally no output. Noise can only produce 
output if it results in phase distortion of 
the signal.) 

F .m. sidebands 
Frequency modulation is sometimes 
roughly described (for a sine wave 
modulating signal) as varying the sine 
wave carrier frequency (of coi}stant 
amplitude) sinusoidally at the 
modulating frequency. Such a descrip­
tion is illustrated by Fig. 12(c). How­
ever, the same reasoning as we applied 
to a.m., illustrated in Fig. 4, leads to the 
same consequence. Fig. 12(c) is not a 
sine wave changing in frequency. Th~s is 
a "nonsense statement" since. the slope 
of the wave must be changing (as the 
frequency changes) and it cannot 
therefore be part of a frequency 
modulated "sine" wave. As with a.m., 
phasors give a rational explanation. 

A starting point is to refer to Fig. g_ 
The phasor resultant is obtained by 
combining the a.m. sidebands with a 
carrier in quadrature (goo out of phase 
with the original a.m. carrier). The con­
sequence of combining three sine 

waves, upper and lower sidebands and 
carrier in quadrature, is to produce a 
swinging phasor resultant of 
approximately constant amplitude. For 
phase swings of up to ± 30° the 
amplitude is generally acceptable as 
being constant and this means that we 
have p.m. In engineering practice this 
can be achieved from, but shifted goo in 
phase from, the original carrier. (The 
original carrier is that used to drive the 
balanced modulator, the output of 
which leaves only the sidebands as the 
carrier is balanced out.) Such a system 
of p.m. provides the core of the 'Arm­
strong' f.m. modulat.or. However, as e is 
proportional to the modulating 
amplitude, this gives AF If and not the 
M required for f.m. The modulating 
signal, in practice, is processed by a 
suitable frequency I gain characteristic 
in the modulating amplifier which pre- . 
cedes the balanced modulator. 

This is shown in Fig. 15(a). The or­
iginal modulating signal is no longer 
constant with rising modulating 
frequency but is inversely proportional 
to frequency · owing to the progressive 
reduction in the reactance of the 
capacitor, which decreases output as f 
increases. The output of the combined 
modulating amplifier, R C, balanced 
modulator is added to the goo phase 
shifted carrier, giving a constant 
ampfftude frequency modulated signal 
of the required characteristic, AF If ex 6. 
This is shown in Fig. 15(b ). As described 
8 must be limited to ± 30° if the result­
ant is to remain of approximately con­
stant amplitude. The approximation is 
that tan e ~ 6 (which is true for small 
values of 6) as may be seen by com~ 
paring the Fig. g resultant with the ideal 

Modulating 
signal in 

(a) 

(b) 

I 
Modulating signal out 

' ( oc 1A) 

r f. amplifier 
& aerial 

carrier 

, Balanced 
modulator 

Stable r. f. 
oscillator 

go• phase shift 
of r.f. 

Fig. 15. (a) Circuit that processes a 
modulating signal so that it becomes 
inversely proportional to frequency. (b) 
Practical system in which output from 
a modulating amplifier and the (a) 
circuit is added to 90° phase shifted 
carrier to give a constant amplitude 
f.m. signal. 
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·swinging phasor of Fig. 11, shown 
together in Fig. 16. 

For a given amplitude. of frequency 
modulation, 6 grows as the modulating 
frequency decreases. For a given ~F 
(which is directly proportional to 
amplitude of modulation in f.m.) the 
phasor has to swing at a corresponding 
speed back and forth through the 
equilibrium position, i.e. the instant 
when the phasor is passing through the 
zero phase displacement (6t = 0). The 
lower the modulating frequency (i.e. the 
period of swing of the phasor) the 
further it swings before coming to rest 
(i.e. the bigger is e, the phase excursion). 
The consequence of this is that only 
narrow band (small value ~F) f.m. is 
possible with this technique since e is 
limited to ± 30° or so. However, by 
carrying out the process outlined in Fig. 

' 15(b) at a low crystal oscillator 
frequency and then multiplying the 
frequency many times, by a succession 
of doubler, tripler stages etc. a wide 
band (large ~F) f.m. signal can be 
obtained in, say, the v.h.f. band. The 
crude, if obvious, technique of directly 
altering an h.f. or v.h.f. oscillator by a 
variable reactance across a tuned 
circuit (e.g. a capacitor microphone as · 
part of the oscillator LC. circuit) leaves 
the c&rrier frequency too unstable for 
mo~t practical purposes. 

More sidebands in f.m. 
If we take a closer look at the 
approximation implied in Fig.16 we can 
say that the amplitude of the generated 
swinging phasor is too long when e is a 
maximum or too short when 6 is zero. If 
we could correct the amplitude by a 
small amount 8x as shown in Fig. 17 we 
should be closer to achieving our per­
fect fixed amplitude swinging phasor. 
\Ve have to amplitude modulate the 
resultant by a small amount 8x at twice 
the modulating frequency, the phasor 
swinging frequency. This can be done 
by another pair of sidebands of twice 
the modulating frequency. These are 
small in amplitude and phase related to 
the unmodulated reference phasor as in 
the a.m. of Figs. 7 and 8 (we have turned 
our diagram through 90° 'in going from 
Figs. 7 and 8 to Fig. 17 and reduced the 
sideband amplitude but have not other­
wise changed the situation). Our 

Fig. 16. Comparing the resultant in Fig. 
9 (September issue) with the ideal 
swinging phasor of Fig. 11 (right). 
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frequency spectrum of true f.m., the 
equivalent of the a.m. in Fig. 1 (a), 
begins to appear as Fig. 18. \Ve see that 
the swinging phasor is generated by five 
sine waves, the carrier, the upper and 
lower sideband pair separated from it by 
the modulating frequency, and a small­
er upper and lower sideband pair 
separated from the carrier by twice the 
modulating frequency. 

The phasor treatment of f.m. side­
bands can be extended to cover larger 
swings of 8 in a readily intelligible form 
in this way. To simplify the drawing, 
this is the moment, before continuing, 
to emphasize two points. First, from the 
essential symmetry of the swinging 
phasor the sidebands always occur in 
pairs, differing from the carrier 
frequency by f, 2f and, as we shall show, 
higher harmonics of f, 3f, 4f and so on. 
Secondly, whatever the amplitude of 
the pair, the resultant combination is as 
shown in row 2 of Fig. 7, a resultant 
whose phase is fixed, whose frequency 
is fixed but whose amplitude is varying 
sinusoidally from + 2a to -2a at a 
frequency f, 2f etc where a is the 
amplitude of the particular sideband. 

Let us -elaborate on the phasor addi­
tion of Fig. 17 by ·considering the detail 
of the five component phasors over a 
quarter of a modulation cycle, all that is 
needed, by virtue of the symmetry, to 
study a whole cycle. Fig. 1g (a) shows in 
a quarter cycle of modulation time the 
resultant of the first pair of sidebands 
(F

0
- f) and (F0 + f). The time intervals 

are for 0°, 30°, 60° and goo, as shown in 
Fig. 1g (a). 

In terms of the modulation frequency 
f the time intervals of Fig. 19 (a) are, 
respectively, for time zero (0°) to 

1 1 _L 
12f ' 61 4f 

(30°) (60°) (goo) 

Fig. 1g (b) shows the second pair' of 
sidebands ( ± 2f) for the same time in­
tervals. In the same time intervals Fig. 
Jg (c) and 1g (d) show the resultants for 
the 3f and 4f sideband pairs (so far not 
used in the text, but yet to come). 

To find the resultant of any number of 
sideband pairs it is only necessary to 
project one sideband on to the reference 
phasor direction (i.e. the mid frequency· 
of the sideband pair). This simplifies the 
construction and makes plots against 
time of combinations of sidebands 
easier to draw. So going back to our 
quarter cycle and dividing it up into six 

.15° intervals, 1/6, 2/6 . .. and further 
considering for convenience 0, 2, 3, 4, 6 
sixths, we shall be considering, in fact, 0, 
30°, 45°, 60° and goo of the quarter cycle. 
The phasors may be labelled 0, 2, 3, 4, 
and 6. Take the first sideband and draw 
the upper sideband in the first colum for 
f, 2f, 3f, 4f. The angles involved in the 
plot are 0°, 30°, 45°, 60° and goo or 
multiples thereof. This makes finding 
the sine of the angles easy. (sine 0 = 0, 
sine 30° =0.5, sine 45° =0.707, sine 
60° = 0.866, sine goo= 1.) 

I shall now proceed with a phasor 

Fig. 17. Correction required to the 
length of the generated swinging 
phasor to make it equivalent to the 
perfect fixed-amplitude swinging 
phasor (thick lines). 

Fig. 18. Frequency spactrum of true 
frequency modulation, showing upper 
and lower sideband pairs. 

demonstration of f.m. sidebands by 
adding successive sideband pairs (of 
various amplitudes and in phase or 
quadrature with the carrier) to the 
carrier (of various amplitudes) and so 
generating swinging phasors of various 
values of modulation index (!:::.f!f-= 0). 
The amplitudes could be guessed in very 
simple cases, such as in Fig. 18, which 
only involves sidebands ± f and ± 2{. 
However, the mathematicians have 
worked out the relative amplitudes of 
the sidebands for various modulation 
indices. These have been tabulated (like 
log tables) and are calle~ Bessel Func­
tions (see Appendix 3). 

For a modulation index of unity 
t::.F If= 8 = 1 radian, our phasor will 
swing, pendulum like, with a period 1 If 
through one radian each side of the 
equilibrium. For a phasor length of 
unity, the carrier amplitude required 
(Bessel Function) is 0.76, first sideband 
(:±f) 0.44 and second sideband ( ± 2f) 0.11 
Plotting the combination as in Fig. Jg 
for our various times and remembering 
to scale the amplitudes 0.76 (carrier), 
0.88 and 0.22 (doubling the amplitude 
for the sideband pair resultants), we get 
Fig. 20. The successive positions super­
imposed give a clear idea of how the five 
'pure' sine waves (F0 ± sb 1 ± sb2 ) 
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lf \I 
(a) ±30° 

r·········r·········t· ............ _· 
lf "'-..../ <""'-..., Jl (b) ±oo" 

r 1··· ... ·--···· .. 1. .. J .. . 

lf 
JL (C) 

D 
··.-.............. ,___,----.1.-.· ,.. .. ······-

lf ±120° 

<""'-.., (d) 

r····· ...... 
' ···· .. ~ 

·. ·. 

Fig. 19. Resultant of pairs of sideb_ands 
in a quarter cycle of modulation time, 
at 30° intervals: (a) first pair (±f); (b) 
second pair ( :± 2f); (c) third pair ( :± 3f); 
and (d) fourth pair ( ± 4{). 

generate the swinging phasor. 
If we swing our phasor through a 

bigger angle we find that yet more 
sidebands ( ± 3f; ± 4f etc.) are required ­
to produce the simple harmonic (pen­
dulum type) motion of sensibly con­
stant amplitude. For larger swings the 
carrier itself is dramatically altered in 
amplitude. As a final illustration I shall 
take an angle of 2.4 radians (137°) 
swing. For th1s the amplitudes of the 
sidebands pairs (obtained by doubling 
the appropriate readings from the 
Bessel Function tables) are for f 1.04, 
2f0.86, 3f0.40 and 4{0.13. The amplitude 
of the carrier is zero! 

A somewhat crude justification 
(which does not work out exactly) is to 
say that, as the swinging phasor spends 
about as much time more than ±goo 
out of phase with the carrier as it does 
less than ±goo, the carrier component 
reduces to zero. This can be visualised 
by what follows. 

Repeating the process of Fig. 20 but 
this time for four sideband pairs, we 
arrive at the equivalent shown in Fig. 
21. 

It will be noted that each successive 
s"ideband pair is added at right angles to 
its predecessor, (see t = 0 on Fig 21) 
starting with the carrier (this phase 
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condition is not brought out clearly in 
conventional texts although it is 
implicit in the 'pure' maths), and finally 
that any particular sideband pair can 
have a zero or negative value (opposite 
phase), as well as positive. The zero 
value of sbz pair at t = 3 in Fig. 20 (and 
the corresponding phasor position in 
Flg. Jg) is one example of a zero side­
band pair. t = 4 in Fig. 21 illustrates 
negative values for the 2nd, 3rd and 4th 
sideband pairs. 

The practical implication of all this to 
· f.m. engineering should be discussed. 
First, the greater the angle of swing the 
more sidebands there are and so the 
greater the bandwidth relative to the 
modulating frequency. At high 

, modulating frequencies the swing is 
small, because the swinging phasor is 
rapidly brought to rest, having swung 
through the equilibrium position ± Llf 
wit~ respect to the .carrier. Conversely, 
at low modulating frequencies the 
swing is large because (for the same 
amplitude of modulating signal and so 
t::.F) the swinging phasor, having swung 
through the equilibrium position at ± t::.F 
with respect to the carrier, only slowly 
comes to rest, so sweeping out a pro­
portiqnately greater angle. The lower 
modulating frequency therefore in­
volves more sideband pairs than the 
higher. · 

If we use the data for Fig. 21 and then 
Fig. 20 to construct spectra (equivalent' 
to Fig. 18) for a modulating frequency f 
and for twice that frequency 2{' 
assuming an index of 2.4 for fwe get 
Fig. 22 and, since the index for 2f.. 
(t::.F if= 8) is 1.2, we can use the data of 
Fig. 20 approximately for Fig. 22(b ). 
This illustrates the general f.m. require­
ment of more or less the same band­
width requirement over a wide range of 
modulating frequencies. 

In broadcast practice a modulation 

·~~ 
Fo 1'radian 
t=O 

sb2 Fo 
111--+--_.;...l"----

(St>,=O) t=3 Swinging phasor _ 

Fig. 20. Swinging phasor for a 
modulation index 8 of 1 radian. The 
successive positions at times 0, 1, 2 and 
3 are superimposed (bottom right) to 
show the swinging process more 
clearly. 

index of 5 is used for the highest 
modulating frequency, 15kHz, giving a 
phasor swing of ± 5 radians. The effec­
tive number of sideband pairs ' to 
generate this (from Bessel tables) is 7, 
making the required bandwidth 
7 x 15kHz on either side of the carrier 
frequency or some 200kHz in all. The 
actual frequency deviation is t::.F = f8, 
15 x 5 ±75kHz. It is important to see 
that the bandwidth -for low distortion 
f.m. is greater than the deviation and, 
from what has gone before, varying 
phase shift at different frequencies, say 
in the receiver i.f. passband, would dis­
tort the all important swinging vector in 
amplitude and angular position. The 
disciminator needs to be linear only 
·over the deviation ± 75kHz, although 
'this requirement is usually increased to 
compensate for a tendency in conven-­
tional disciminators to lose linearity at 
the extremities of the deviation. See, 
however, the p.l.l. disciminators avail­
able in i.e. form. 

sb2 

[7 
Sb2 rsb4 

Sb3 

I '"V~ V-0, 
t=O t =2 

5::4~ 
(Sb2=0) 

Sb1 

t=3 

sb4 

(\ ' Sb3~ 

6 
11----~-' 

Sb2 ~ -

\1Sb1 

t =4 

Fig. 21. A swinging phasor, over a time 
of a quarter cycle, generated by zero 
carrier and relevant sidebands ± f, ± 2f, 
±3fand ±4ffrom FO" 

l:s.b. Carrier u.s. b. 
4 3 2 1 1 2 3 4 

(a) I I I I 
f' f' f' 1' f' f' f' f' 

Fo 

Bandwidth 8f'--~ 

(b) 

2f' 2f' 2f' 2f' 

-E---- Bandwidth 8! '--~ 

Fig. 22. The data from Fig. 21 and then 
Fig. 20 used to construct spectra for 
modulatingJrequencies of (a) f' and (b) 
2[: 
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At lower modulating frequencies, say 
3kHz, and the same amplitude ± 75kHz 
the index is increased 5 times to 25 
radians. This, from the Bessel tables, 
requires some 30 significant sideband . 
pairs involving sidebands up to 
3 x 30kHz. Again we see the bandwidth 
remaining around 200kHz (3 x 30 x 2). 

At lower frequencies still the 
swinging phasor rotates through many 
revolutions and when passing through 
the equilibrium position it is moving at 
an approximately uniform number of 
revolutions per second. \Vatch a tor­
sional pendulum in a glass-cased clock 
for model. Imagine the swinging phasor 
as a white line painted as a radius on the 
pendulum.* Thus it represents a 
frequency greater or less th qn the car­
rier, according to whE>tl-}er it is advan­
cing or retar~ing. '!'his frequency is, 
from earlier theory, t::.F = {8. Thus if 8 is, 
say 50, we find that sidebands around 
± 50f predominate in the spectrum. 
Above this the sidebands fall off rapidly 
to negligible values while the band bet­
ween is filled with generally a multitude 
of lower amplitude sidebands. The ex­
ceptional noise performance of f.m. can 
also be explained in these terms, as well 
as effective use of the bandwidth irres­
pective of the frequency content of the 
modulating signal. 

First consider large noise spikes in the 
pass band of the receiver. These are 
clipped by the limiter to the same level 
as the signal amplitude. Owing to their 
normally short duration (e.g. ignition 
interference) they have little effect on 
'the disciminator output, unlike a.m. 
White noise, considered as spurious 
sidebands of small amplitude in com­
parison with the signal, will shift the 
phase in a small random fashion. Those 
near the carrier frequency will be less 
effective in shifting the phase than the 
low f, intentional, modulating signal 
and so giving output less than the lower 
modulating frequencies. Therefore, un­
like a.m., the demodulated noise will 
tend to zero in the centre of the pass 
band. Only higher audio frequency hiss 
will be apparent and then only if the 
noise is of comparable amplitude to the 
swinging phasor. 

Further, since the frequency devia­
tion is, perhaps, five times those higher 
frequencies towards the edge of the 
receiver pass band, the signal . will be 
five times more effective in amplitude 
than noise. The noise in sidebands out-

·*Since we have frequently considered large 
angles o(phasor swing (many revolutions), a 
better analogy than the simple pendulum 
(typical swing ± 10° or less) would be the 
torsional pendulum. This is a massive wheel 
on a vertical axis, rotating back and forth 
through large angles due to the torsion in the 
supporting wire. When used in clocks the 
long period of the escapement allows the 
clock to run for a year on one winding. Since 
these clocks are always in glass cases, an 
imaginary (or white painted) radius on the 
wheel would give an accurate model of our 
swinging phasor. 
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frequency spectrum of true f.m., the 
equivalent of the a.m. in Fig. 1 (a), 
begins to appear as Fig. 18. \Ve see that 
the swinging phasor is generated by five 
sine waves, the carrier, the upper and 
lower sideband pair separated from it by 
the modulating frequency, and a small­
er upper and lower sideband pair 
separated from the carrier by twice the 
modulating frequency. 

The phasor treatment of f.m. side­
bands can be extended to cover larger 
swings of 8 in a readily intelligible form 
in this way. To simplify the drawing, 
this is the moment, before continuing, 
to emphasize two points. First, from the 
essential symmetry of the swinging 
phasor the sidebands always occur in 
pairs, differing from the carrier 
frequency by f, 2f and, as we shall show, 
higher harmonics of f, 3f, 4f and so on. 
Secondly, whatever the amplitude of 
the pair, the resultant combination is as 
shown in row 2 of Fig. 7, a resultant 
whose phase is fixed, whose frequency 
is fixed but whose amplitude is varying 
sinusoidally from + 2a to -2a at a 
frequency f, 2f etc where a is the 
amplitude of the particular sideband. 

Let us -elaborate on the phasor addi­
tion of Fig. 17 by ·considering the detail 
of the five component phasors over a 
quarter of a modulation cycle, all that is 
needed, by virtue of the symmetry, to 
study a whole cycle. Fig. 1g (a) shows in 
a quarter cycle of modulation time the 
resultant of the first pair of sidebands 
(F

0
- f) and (F0 + f). The time intervals 

are for 0°, 30°, 60° and goo, as shown in 
Fig. 1g (a). 

In terms of the modulation frequency 
f the time intervals of Fig. 19 (a) are, 
respectively, for time zero (0°) to 

1 1 _L 
12f ' 61 4f 

(30°) (60°) (goo) 

Fig. 1g (b) shows the second pair' of 
sidebands ( ± 2f) for the same time in­
tervals. In the same time intervals Fig. 
Jg (c) and 1g (d) show the resultants for 
the 3f and 4f sideband pairs (so far not 
used in the text, but yet to come). 

To find the resultant of any number of 
sideband pairs it is only necessary to 
project one sideband on to the reference 
phasor direction (i.e. the mid frequency· 
of the sideband pair). This simplifies the 
construction and makes plots against 
time of combinations of sidebands 
easier to draw. So going back to our 
quarter cycle and dividing it up into six 

.15° intervals, 1/6, 2/6 . .. and further 
considering for convenience 0, 2, 3, 4, 6 
sixths, we shall be considering, in fact, 0, 
30°, 45°, 60° and goo of the quarter cycle. 
The phasors may be labelled 0, 2, 3, 4, 
and 6. Take the first sideband and draw 
the upper sideband in the first colum for 
f, 2f, 3f, 4f. The angles involved in the 
plot are 0°, 30°, 45°, 60° and goo or 
multiples thereof. This makes finding 
the sine of the angles easy. (sine 0 = 0, 
sine 30° =0.5, sine 45° =0.707, sine 
60° = 0.866, sine goo= 1.) 

I shall now proceed with a phasor 

Fig. 17. Correction required to the 
length of the generated swinging 
phasor to make it equivalent to the 
perfect fixed-amplitude swinging 
phasor (thick lines). 

Fig. 18. Frequency spactrum of true 
frequency modulation, showing upper 
and lower sideband pairs. 

demonstration of f.m. sidebands by 
adding successive sideband pairs (of 
various amplitudes and in phase or 
quadrature with the carrier) to the 
carrier (of various amplitudes) and so 
generating swinging phasors of various 
values of modulation index (!:::.f!f-= 0). 
The amplitudes could be guessed in very 
simple cases, such as in Fig. 18, which 
only involves sidebands ± f and ± 2{. 
However, the mathematicians have 
worked out the relative amplitudes of 
the sidebands for various modulation 
indices. These have been tabulated (like 
log tables) and are calle~ Bessel Func­
tions (see Appendix 3). 

For a modulation index of unity 
t::.F If= 8 = 1 radian, our phasor will 
swing, pendulum like, with a period 1 If 
through one radian each side of the 
equilibrium. For a phasor length of 
unity, the carrier amplitude required 
(Bessel Function) is 0.76, first sideband 
(:±f) 0.44 and second sideband ( ± 2f) 0.11 
Plotting the combination as in Fig. Jg 
for our various times and remembering 
to scale the amplitudes 0.76 (carrier), 
0.88 and 0.22 (doubling the amplitude 
for the sideband pair resultants), we get 
Fig. 20. The successive positions super­
imposed give a clear idea of how the five 
'pure' sine waves (F0 ± sb 1 ± sb2 ) 
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lf \I 
(a) ±30° 

r·········r·········t· ............ _· 
lf "'-..../ <""'-..., Jl (b) ±oo" 

r 1··· ... ·--···· .. 1. .. J .. . 

lf 
JL (C) 

D 
··.-.............. ,___,----.1.-.· ,.. .. ······-

lf ±120° 

<""'-.., (d) 

r····· ...... 
' ···· .. ~ 

·. ·. 

Fig. 19. Resultant of pairs of sideb_ands 
in a quarter cycle of modulation time, 
at 30° intervals: (a) first pair (±f); (b) 
second pair ( :± 2f); (c) third pair ( :± 3f); 
and (d) fourth pair ( ± 4{). 

generate the swinging phasor. 
If we swing our phasor through a 

bigger angle we find that yet more 
sidebands ( ± 3f; ± 4f etc.) are required ­
to produce the simple harmonic (pen­
dulum type) motion of sensibly con­
stant amplitude. For larger swings the 
carrier itself is dramatically altered in 
amplitude. As a final illustration I shall 
take an angle of 2.4 radians (137°) 
swing. For th1s the amplitudes of the 
sidebands pairs (obtained by doubling 
the appropriate readings from the 
Bessel Function tables) are for f 1.04, 
2f0.86, 3f0.40 and 4{0.13. The amplitude 
of the carrier is zero! 

A somewhat crude justification 
(which does not work out exactly) is to 
say that, as the swinging phasor spends 
about as much time more than ±goo 
out of phase with the carrier as it does 
less than ±goo, the carrier component 
reduces to zero. This can be visualised 
by what follows. 

Repeating the process of Fig. 20 but 
this time for four sideband pairs, we 
arrive at the equivalent shown in Fig. 
21. 

It will be noted that each successive 
s"ideband pair is added at right angles to 
its predecessor, (see t = 0 on Fig 21) 
starting with the carrier (this phase 
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condition is not brought out clearly in 
conventional texts although it is 
implicit in the 'pure' maths), and finally 
that any particular sideband pair can 
have a zero or negative value (opposite 
phase), as well as positive. The zero 
value of sbz pair at t = 3 in Fig. 20 (and 
the corresponding phasor position in 
Flg. Jg) is one example of a zero side­
band pair. t = 4 in Fig. 21 illustrates 
negative values for the 2nd, 3rd and 4th 
sideband pairs. 

The practical implication of all this to 
· f.m. engineering should be discussed. 
First, the greater the angle of swing the 
more sidebands there are and so the 
greater the bandwidth relative to the 
modulating frequency. At high 

, modulating frequencies the swing is 
small, because the swinging phasor is 
rapidly brought to rest, having swung 
through the equilibrium position ± Llf 
wit~ respect to the .carrier. Conversely, 
at low modulating frequencies the 
swing is large because (for the same 
amplitude of modulating signal and so 
t::.F) the swinging phasor, having swung 
through the equilibrium position at ± t::.F 
with respect to the carrier, only slowly 
comes to rest, so sweeping out a pro­
portiqnately greater angle. The lower 
modulating frequency therefore in­
volves more sideband pairs than the 
higher. · 

If we use the data for Fig. 21 and then 
Fig. 20 to construct spectra (equivalent' 
to Fig. 18) for a modulating frequency f 
and for twice that frequency 2{' 
assuming an index of 2.4 for fwe get 
Fig. 22 and, since the index for 2f.. 
(t::.F if= 8) is 1.2, we can use the data of 
Fig. 20 approximately for Fig. 22(b ). 
This illustrates the general f.m. require­
ment of more or less the same band­
width requirement over a wide range of 
modulating frequencies. 

In broadcast practice a modulation 

·~~ 
Fo 1'radian 
t=O 

sb2 Fo 
111--+--_.;...l"----

(St>,=O) t=3 Swinging phasor _ 

Fig. 20. Swinging phasor for a 
modulation index 8 of 1 radian. The 
successive positions at times 0, 1, 2 and 
3 are superimposed (bottom right) to 
show the swinging process more 
clearly. 

index of 5 is used for the highest 
modulating frequency, 15kHz, giving a 
phasor swing of ± 5 radians. The effec­
tive number of sideband pairs ' to 
generate this (from Bessel tables) is 7, 
making the required bandwidth 
7 x 15kHz on either side of the carrier 
frequency or some 200kHz in all. The 
actual frequency deviation is t::.F = f8, 
15 x 5 ±75kHz. It is important to see 
that the bandwidth -for low distortion 
f.m. is greater than the deviation and, 
from what has gone before, varying 
phase shift at different frequencies, say 
in the receiver i.f. passband, would dis­
tort the all important swinging vector in 
amplitude and angular position. The 
disciminator needs to be linear only 
·over the deviation ± 75kHz, although 
'this requirement is usually increased to 
compensate for a tendency in conven-­
tional disciminators to lose linearity at 
the extremities of the deviation. See, 
however, the p.l.l. disciminators avail­
able in i.e. form. 
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Fig. 21. A swinging phasor, over a time 
of a quarter cycle, generated by zero 
carrier and relevant sidebands ± f, ± 2f, 
±3fand ±4ffrom FO" 

l:s.b. Carrier u.s. b. 
4 3 2 1 1 2 3 4 

(a) I I I I 
f' f' f' 1' f' f' f' f' 
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Fig. 22. The data from Fig. 21 and then 
Fig. 20 used to construct spectra for 
modulatingJrequencies of (a) f' and (b) 
2[: 
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At lower modulating frequencies, say 
3kHz, and the same amplitude ± 75kHz 
the index is increased 5 times to 25 
radians. This, from the Bessel tables, 
requires some 30 significant sideband . 
pairs involving sidebands up to 
3 x 30kHz. Again we see the bandwidth 
remaining around 200kHz (3 x 30 x 2). 

At lower frequencies still the 
swinging phasor rotates through many 
revolutions and when passing through 
the equilibrium position it is moving at 
an approximately uniform number of 
revolutions per second. \Vatch a tor­
sional pendulum in a glass-cased clock 
for model. Imagine the swinging phasor 
as a white line painted as a radius on the 
pendulum.* Thus it represents a 
frequency greater or less th qn the car­
rier, according to whE>tl-}er it is advan­
cing or retar~ing. '!'his frequency is, 
from earlier theory, t::.F = {8. Thus if 8 is, 
say 50, we find that sidebands around 
± 50f predominate in the spectrum. 
Above this the sidebands fall off rapidly 
to negligible values while the band bet­
ween is filled with generally a multitude 
of lower amplitude sidebands. The ex­
ceptional noise performance of f.m. can 
also be explained in these terms, as well 
as effective use of the bandwidth irres­
pective of the frequency content of the 
modulating signal. 

First consider large noise spikes in the 
pass band of the receiver. These are 
clipped by the limiter to the same level 
as the signal amplitude. Owing to their 
normally short duration (e.g. ignition 
interference) they have little effect on 
'the disciminator output, unlike a.m. 
White noise, considered as spurious 
sidebands of small amplitude in com­
parison with the signal, will shift the 
phase in a small random fashion. Those 
near the carrier frequency will be less 
effective in shifting the phase than the 
low f, intentional, modulating signal 
and so giving output less than the lower 
modulating frequencies. Therefore, un­
like a.m., the demodulated noise will 
tend to zero in the centre of the pass 
band. Only higher audio frequency hiss 
will be apparent and then only if the 
noise is of comparable amplitude to the 
swinging phasor. 

Further, since the frequency devia­
tion is, perhaps, five times those higher 
frequencies towards the edge of the 
receiver pass band, the signal . will be 
five times more effective in amplitude 
than noise. The noise in sidebands out-

·*Since we have frequently considered large 
angles o(phasor swing (many revolutions), a 
better analogy than the simple pendulum 
(typical swing ± 10° or less) would be the 
torsional pendulum. This is a massive wheel 
on a vertical axis, rotating back and forth 
through large angles due to the torsion in the 
supporting wire. When used in clocks the 
long period of the escapement allows the 
clock to run for a year on one winding. Since 
these clocks are always in glass cases, an 
imaginary (or white painted) radius on the 
wheel would give an accurate model of our 
swinging phasor. 
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· side the audio pass band will not pro­
duce aurl.ible output in the receiver. 

Likewise adjacent channel inter­
ference will be of very much less conse­
quence than with a.m. The closer the 
frequency to the interfering carrier the 
less the output. (The lower frequency 
shifts the F less as above.) Further, the 
amplitude of the one determines its 
ability to shift the phase and give output 
from the other. Unless the intefering 
signal is of similar amplitude it will 
cause negligible output from the dis­
criminator. It is for this reason that, in 
common or close channel working, 
there is a very small area between two 
stations wh~re strengths are suf­
ficiently comparable for interference to 
occur. Outside this area the stronger 
station captures the receiver and only 
its signal gives output from the dis-
ciminator. · 

Measuring ~F - a test procedure 
.If it is required to set the audio gain of 
the modulating section of an f.m. trans­
mitter to give a particular deviation, a 
test procedure is available which de­
pends on the absence of the carrier 
under certain conditions. First an a.m. 
receiver with a very narrow pass band 
and equipped with an S-meter is set up 
to receive the f.m. (unmodulated) car­
rier. The transmitter is then modulated 
with a frequency giving sidebands out­
side the receiver pass band so that the . 
first and higher sidebands (F0 ±f) do not 
register on the S-meter. The amplitude 
of modulation and corresponding D.F is 
then increased. The meter will indicate 
zero as the modulation index reaches, 
2.4 because the carrier is of zero. These, 
occur when the phasor swings through 
complete extra half revolutions on top 
of the 2.4 radians, that is 2.4 + '11', 2.4 + 2'11' 
etc. Thus increasing the modulation 
amplitude and noting the setting for 
successive zeros of the carrier we calib­
rate the 2.4; 5.5, 8.7 index points. 

.. 
Appendix 1: Mathematical expres-
sion of p.m. · 

P.m. of carrier can be expressed as 
(6 sine wt) sine Qt 

where w is the modulating signal and Q is the 
carrier expressed in radians/s. In terms of 
modulating frequency f and carrier 
frequency F0 this would be 

(6 sine 2'1Tft). sine 2'ITF0 t 
The term in the bracket is modulating the 
carrier phase. 

Appendix 2: Mathematical expres-
sion off.m. · 

The frequency modulation of carrier can be 
expressed as 

(M' sine wt) sine Qt 
where w is the modulating signal and Q is the 
carrier expressed in radians/s. In terms of the 
modulating frequency f and carrier 
frequency F0 this would read (~F sine 2'1Tft) 
sine 2'ITF0 t. 

If the phase e is modulated by the (audio) 

frequency w the phase angle at a time t is 
given by 

1\ =6 sine wt 
The rate of swing is, using calculus, , 

d 
dtl\)=!lw coswt 

Hence the maximum rate of swing, ~n. is Sw 
in radians/s (when coswt = 1). Putting this in 
terms of frequency instead ·angular velocity, 
t.Q = 2'ITM' and w = 2'1Tf, we have 

2'1Tt.F=62t.f 
and hence M' = f9 

This may be written as 

M 
-=6 
f 

where t.F If is known as the modulation 
index, a very important term in the theoreti­
cal treatment of f.m. 

Appendix 3: Bessel Functions 
The amplitude of successive sidebands is 
given by a convergent series viz . 

&' { 1)2 ()4 
An = 2" (nl) 1 - 2(2n + 2) + -2-.4-(2_n_+_2_) -(2_n_+_4_) 

It 
2.4.6(2n + 2) (2n + 4) (2n + 6) 

where n =the number of the sideband (n = 0 
is the carrier). Thus for e = 2.4 

2.4 { 2.42 2.44 2.46 
A=- 1---+-------

1 2 2.4 2.4.4.6 2.4.6.4.6.8 

= 1.2 { 1- 0.72+0.172- 0.021 

=0.52 

2.42 {' 2.42 2.44 2.46 
A2 ~- 1--+--------

4.2 2.6 2.4.6.8 2.4.6.4.8.10 

WIRELESS WORLD, OC_TOBER 1979 

=0.72{1- 0.48+0.035- 0.012 

=0.39 

. A3=2.43 {1- 2.42 +~- 2.46 
8.6 2.8 2.4.8.10 2.4.6.8.10.12 

= 0.29 { 1 - 0.36 + 0.052 -:- 0.004 

=0.2 

2.4 j 2.42 2.44 2.46 
Ao=-11--+-------

1 2.2 2.4.2.2 2.4.6.2.4.6 

= 2.4 { 1 - 1.44 + 0.52 - 0.08 

=2.4X0=0 

2.44 J 2.42 2.44 2.46 
~=-- (1---+ ------

16.24 . 2.10 2.4.10.12 2.4.6.10.12.14 

-0.086 { 1- 0.29+0.035- 0.0024 

=0.064 

Bessel Function table for e = 2.4 

1st sideband pair each 0.52 sum 1.04 
2nd sideband pair each 0.39 sum 0.78 
3rd sideband pair each 0.20 sum 0.40 
4th sideband pair each 0.064 sum 0.13 

It would be out of place here to justify the 
series by rigorous maths. However, this 
example confirms the figures used for the 
construction used in Fig. 21. One can have 
therefore the same confidence in the Bessel 
tables as one has in logs - they always work, 
though one is not likely to construct one's 
own tables in either case. Indeed the writer 
would never have justified these ·values, 
evaluated above, without a pocket calcula­
tor to do the arithmetic. 

Current mirrors (Continued from page 58) 
Mirror-aided output drive stage of an npn transistor for dV/dt>O this 

capacitance is charged rapidly as the 

Consider the circuit of Fig. 9. Ignore the 
additional complication of Tr 2 and Tr 3 

and we see that the stage is simply a 
common emitter with Tr 1 followed by 
an output common collector buffer Tr 4 · 

feeding the load. Common collector 
circuits are notoriously poor at feeding 
capacitive loads -every load will have 
some shunt capacitance and in the case 

I 
Yo 

load l 
-v 

Fig. 9. Output drive circuit with current 
mirror 

current through Tr
4 
increases while it is 

turned harder on. However, on the 
down swing (dV/dt<O) a common col­
lector element with a resistor between 
emitter and negative supply (R) is un­
able to sink current; the only discharge 
path for the capacitive load being 
through Re. 

The circuit shown in Fig. 9 has the 
advantage that not only hasa current 
sink replaced Rebut the current sink is 
now driven . On the upswing (d V 0 1 
dt > O) Ic3 decreases as Ic

1 
increases, and 

as this aids charging the load the vol­
tage following by Tr4 is good~ On the 
down swing (dV/dt<O) Ic

1 
increases as 

does Ic2. The result is an active current 
pull down by Tr

3
• The circuit can be 

summarised as a voltage pull-up, cur­
rent pull-down stage. Again this circuit 
can be found in a number of op-amp 
designs. It should be noted that the 
output impedance of large signals will 
be very non-linear as in the limit on 
pull-up the output "sees" the very low 
output impedance of the active com­
.mon collector stage of Tr4• On pull­
down the output "sees" only the collec­
tor sink of Tr

3 
with Tr

4 
tending to turn 

off. 
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Accurate pin point temperature control 

· between 65° and 400°C. Heating element and 
sensor built in tip of the iron for fast response. 
Interchangeable slide-on bits fro.m 4.7mm(3/16") 
down to 0:5mm . Zero voltage switching , no 
sp1kes No magnettc field . no leakage . 
Supplied with miniature CTC(35-40watt iron or 
XTC(50watt) TCSU1 soldering station with 
XTC or CTC iron £41.54 including VAT (Nett to 
Industry). Postage extra . 

Contains both 
the model CX230 
soldering iron 
and the stand 
ST3. Priced at 
£7.19 inclusive 
of VAT and P&P. 
It makes an 
excellent present 
for the radio 
amateur or 
hobbyist. 

Our new soldering 
station . the TCSU2. 
has 4 square LED's 
lighting up when 
the tip-temperature 
of the so ldering iron 
has reached 270°. 
300° .330° or 360°C. 
This model has a 
temperature range 
of 270°-430°C 

With the model 
X25/240 general 
purpose iron and 
the ST3 stand , 
this kit is a must 
for every toolkit 
in the home. 
Priced &t £7.19 
inclusive of VAT 
and P&P. 

A miniature iron with the 
element enclosed first 
in a ceramic shaft. then in 
'stainless steel. Virtually 
leak-free . Only 7~" long . 
Fitted with a 3/32" bit . 
£5.18 inclusive of VAT 
and P&P. 
Range of 5 other bits 
ava ilable from Y. " down 
to 3/64" 

A general purpose iron 
also with a ceramic and 
steel shaft to give you 
toughness combined with 
near-perfect insulation. 
Fitted with 1/8" bit and 
priced at £5.18 inclusive 
of VAT and P&P. 
Range of 4 other bits 
avai lable. 
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This kit contains a 
15watt miniature 
soldering 1ro n. 
complete with 2 
spare bits. a coil of 
solder. a heat sink 
and a booklet. How 
to Solder Priced at 
£7.46 inclusive of 
VAT and P&P. 

The soldering iron in this kit 
can be operated from any 
ordinary car batte, y . lt is 
fitted with 15 feet flexible 
cable and battery clips 
Packed in a strong plastic 
envelope it can be left in a 
car . a boat or a caravan ready 
fo r soldenng 'in the field 
Price £5.69 inclusive of VAT 
and P & P 

A strong. chromium 
plated. steel sp rin'g 
screwed into a plastic 
base of high grade 
insulating material 
provides a safe and 
handy receptacle for all 
ANTE X models soldering 
irons. Priced at £2.07 
inclusive of VAT and 
P&P 
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· side the audio pass band will not pro­
duce aurl.ible output in the receiver. 

Likewise adjacent channel inter­
ference will be of very much less conse­
quence than with a.m. The closer the 
frequency to the interfering carrier the 
less the output. (The lower frequency 
shifts the F less as above.) Further, the 
amplitude of the one determines its 
ability to shift the phase and give output 
from the other. Unless the intefering 
signal is of similar amplitude it will 
cause negligible output from the dis­
criminator. It is for this reason that, in 
common or close channel working, 
there is a very small area between two 
stations wh~re strengths are suf­
ficiently comparable for interference to 
occur. Outside this area the stronger 
station captures the receiver and only 
its signal gives output from the dis-
ciminator. · 

Measuring ~F - a test procedure 
.If it is required to set the audio gain of 
the modulating section of an f.m. trans­
mitter to give a particular deviation, a 
test procedure is available which de­
pends on the absence of the carrier 
under certain conditions. First an a.m. 
receiver with a very narrow pass band 
and equipped with an S-meter is set up 
to receive the f.m. (unmodulated) car­
rier. The transmitter is then modulated 
with a frequency giving sidebands out­
side the receiver pass band so that the . 
first and higher sidebands (F0 ±f) do not 
register on the S-meter. The amplitude 
of modulation and corresponding D.F is 
then increased. The meter will indicate 
zero as the modulation index reaches, 
2.4 because the carrier is of zero. These, 
occur when the phasor swings through 
complete extra half revolutions on top 
of the 2.4 radians, that is 2.4 + '11', 2.4 + 2'11' 
etc. Thus increasing the modulation 
amplitude and noting the setting for 
successive zeros of the carrier we calib­
rate the 2.4; 5.5, 8.7 index points. 

.. 
Appendix 1: Mathematical expres-
sion of p.m. · 

P.m. of carrier can be expressed as 
(6 sine wt) sine Qt 

where w is the modulating signal and Q is the 
carrier expressed in radians/s. In terms of 
modulating frequency f and carrier 
frequency F0 this would be 

(6 sine 2'1Tft). sine 2'ITF0 t 
The term in the bracket is modulating the 
carrier phase. 

Appendix 2: Mathematical expres-
sion off.m. · 

The frequency modulation of carrier can be 
expressed as 

(M' sine wt) sine Qt 
where w is the modulating signal and Q is the 
carrier expressed in radians/s. In terms of the 
modulating frequency f and carrier 
frequency F0 this would read (~F sine 2'1Tft) 
sine 2'ITF0 t. 

If the phase e is modulated by the (audio) 

frequency w the phase angle at a time t is 
given by 

1\ =6 sine wt 
The rate of swing is, using calculus, , 

d 
dtl\)=!lw coswt 

Hence the maximum rate of swing, ~n. is Sw 
in radians/s (when coswt = 1). Putting this in 
terms of frequency instead ·angular velocity, 
t.Q = 2'ITM' and w = 2'1Tf, we have 

2'1Tt.F=62t.f 
and hence M' = f9 

This may be written as 

M 
-=6 
f 

where t.F If is known as the modulation 
index, a very important term in the theoreti­
cal treatment of f.m. 

Appendix 3: Bessel Functions 
The amplitude of successive sidebands is 
given by a convergent series viz . 

&' { 1)2 ()4 
An = 2" (nl) 1 - 2(2n + 2) + -2-.4-(2_n_+_2_) -(2_n_+_4_) 

It 
2.4.6(2n + 2) (2n + 4) (2n + 6) 

where n =the number of the sideband (n = 0 
is the carrier). Thus for e = 2.4 

2.4 { 2.42 2.44 2.46 
A=- 1---+-------

1 2 2.4 2.4.4.6 2.4.6.4.6.8 

= 1.2 { 1- 0.72+0.172- 0.021 

=0.52 

2.42 {' 2.42 2.44 2.46 
A2 ~- 1--+--------

4.2 2.6 2.4.6.8 2.4.6.4.8.10 
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=0.72{1- 0.48+0.035- 0.012 

=0.39 

. A3=2.43 {1- 2.42 +~- 2.46 
8.6 2.8 2.4.8.10 2.4.6.8.10.12 

= 0.29 { 1 - 0.36 + 0.052 -:- 0.004 

=0.2 

2.4 j 2.42 2.44 2.46 
Ao=-11--+-------

1 2.2 2.4.2.2 2.4.6.2.4.6 

= 2.4 { 1 - 1.44 + 0.52 - 0.08 

=2.4X0=0 

2.44 J 2.42 2.44 2.46 
~=-- (1---+ ------

16.24 . 2.10 2.4.10.12 2.4.6.10.12.14 

-0.086 { 1- 0.29+0.035- 0.0024 

=0.064 

Bessel Function table for e = 2.4 

1st sideband pair each 0.52 sum 1.04 
2nd sideband pair each 0.39 sum 0.78 
3rd sideband pair each 0.20 sum 0.40 
4th sideband pair each 0.064 sum 0.13 

It would be out of place here to justify the 
series by rigorous maths. However, this 
example confirms the figures used for the 
construction used in Fig. 21. One can have 
therefore the same confidence in the Bessel 
tables as one has in logs - they always work, 
though one is not likely to construct one's 
own tables in either case. Indeed the writer 
would never have justified these ·values, 
evaluated above, without a pocket calcula­
tor to do the arithmetic. 

Current mirrors (Continued from page 58) 
Mirror-aided output drive stage of an npn transistor for dV/dt>O this 

capacitance is charged rapidly as the 

Consider the circuit of Fig. 9. Ignore the 
additional complication of Tr 2 and Tr 3 

and we see that the stage is simply a 
common emitter with Tr 1 followed by 
an output common collector buffer Tr 4 · 

feeding the load. Common collector 
circuits are notoriously poor at feeding 
capacitive loads -every load will have 
some shunt capacitance and in the case 

I 
Yo 

load l 
-v 

Fig. 9. Output drive circuit with current 
mirror 

current through Tr
4 
increases while it is 

turned harder on. However, on the 
down swing (dV/dt<O) a common col­
lector element with a resistor between 
emitter and negative supply (R) is un­
able to sink current; the only discharge 
path for the capacitive load being 
through Re. 

The circuit shown in Fig. 9 has the 
advantage that not only hasa current 
sink replaced Rebut the current sink is 
now driven . On the upswing (d V 0 1 
dt > O) Ic3 decreases as Ic

1 
increases, and 

as this aids charging the load the vol­
tage following by Tr4 is good~ On the 
down swing (dV/dt<O) Ic

1 
increases as 

does Ic2. The result is an active current 
pull down by Tr

3
• The circuit can be 

summarised as a voltage pull-up, cur­
rent pull-down stage. Again this circuit 
can be found in a number of op-amp 
designs. It should be noted that the 
output impedance of large signals will 
be very non-linear as in the limit on 
pull-up the output "sees" the very low 
output impedance of the active com­
.mon collector stage of Tr4• On pull­
down the output "sees" only the collec­
tor sink of Tr

3 
with Tr

4 
tending to turn 

off. 
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Accurate pin point temperature control 

· between 65° and 400°C. Heating element and 
sensor built in tip of the iron for fast response. 
Interchangeable slide-on bits fro.m 4.7mm(3/16") 
down to 0:5mm . Zero voltage switching , no 
sp1kes No magnettc field . no leakage . 
Supplied with miniature CTC(35-40watt iron or 
XTC(50watt) TCSU1 soldering station with 
XTC or CTC iron £41.54 including VAT (Nett to 
Industry). Postage extra . 

Contains both 
the model CX230 
soldering iron 
and the stand 
ST3. Priced at 
£7.19 inclusive 
of VAT and P&P. 
It makes an 
excellent present 
for the radio 
amateur or 
hobbyist. 

Our new soldering 
station . the TCSU2. 
has 4 square LED's 
lighting up when 
the tip-temperature 
of the so ldering iron 
has reached 270°. 
300° .330° or 360°C. 
This model has a 
temperature range 
of 270°-430°C 

With the model 
X25/240 general 
purpose iron and 
the ST3 stand , 
this kit is a must 
for every toolkit 
in the home. 
Priced &t £7.19 
inclusive of VAT 
and P&P. 

A miniature iron with the 
element enclosed first 
in a ceramic shaft. then in 
'stainless steel. Virtually 
leak-free . Only 7~" long . 
Fitted with a 3/32" bit . 
£5.18 inclusive of VAT 
and P&P. 
Range of 5 other bits 
ava ilable from Y. " down 
to 3/64" 

A general purpose iron 
also with a ceramic and 
steel shaft to give you 
toughness combined with 
near-perfect insulation. 
Fitted with 1/8" bit and 
priced at £5.18 inclusive 
of VAT and P&P. 
Range of 4 other bits 
avai lable. 
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This kit contains a 
15watt miniature 
soldering 1ro n. 
complete with 2 
spare bits. a coil of 
solder. a heat sink 
and a booklet. How 
to Solder Priced at 
£7.46 inclusive of 
VAT and P&P. 

The soldering iron in this kit 
can be operated from any 
ordinary car batte, y . lt is 
fitted with 15 feet flexible 
cable and battery clips 
Packed in a strong plastic 
envelope it can be left in a 
car . a boat or a caravan ready 
fo r soldenng 'in the field 
Price £5.69 inclusive of VAT 
and P & P 

A strong. chromium 
plated. steel sp rin'g 
screwed into a plastic 
base of high grade 
insulating material 
provides a safe and 
handy receptacle for all 
ANTE X models soldering 
irons. Priced at £2.07 
inclusive of VAT and 
P&P 

r----------- -----------
( Please send me the Antex colour brochure 0 I enclose cheque / PO./Giro No.258 1000 o\

1 
Stocked by many wholesalers Name 
and retailers or direct from us I 
if you are desperate. Address o I I -1 ~ .. . . . . . . .. . . . . . . .. . .... . . . .. . .. ... ~} 

"- ___ ~tex Ltd.~eepo~Piymout~~lBR ~~- 0752 6737.!_ _ ::><~ / 
WW- 077 FOR FURTHER DETAILS 

/ 



· The cassette was our baby. 
At the time, . it was a startling and 

exciting innovation. 
But times change. 
In fact, there are now over 50 makes 

-- of cassette and over 1,000 decks. 
And enough ·Wow and flutter figures 

to send Pythagoras round the ben<;!. 
Consequently, finding the right 

cassette for a deck isn't quite as simple as 
it used to be. 

That's why we tested our present 
range of five cassettes on almost every 
popular cassette deck around. . 

A few results may surprise you. 
We found, for instance, that a few of 

the most expensive decks didn't. necessarily · 
work best with our most expensiv~.tQpe. 

And that a handful of the 
middle priced decks did. I ~ 

. ,. ( 

We also found that it's foolish ;;.. 

PHILIPS 

to generalise about certain types of tape 
being right for all Japanese decks or all 

·· Eurqpean .decks. . .. 
Our findings are available on a 

pocket chart that lists almost every popular 
deck with the cassette that matches it 
most perfectly. 

You'll find one at your local dealer. 
Either look at it or, every PHILIPS 

time you buy a cassette, wrestle e 
with a problem of monstrous 
proportions. 

Simply years ahead. ---- ....--

THE COMPREHENSIVE RANGE 
FROM THE INVENTORS OF THE AUDIO CASSETTE. 

WW -075 FOR FURTHER DETAILS 
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.I NFORMATION GAP 
It is all very well to protest in your leader for 
July that data banks and computers are 
really harmless, cuddly morons which, in the 
absence of humans, would be as naught, but 
that is exactly the problem. It is the fallibflity 
of controllers, not that of machines, that 
causes the moderately-imaginative citizen to 
view the computer state with misgiving. 

The world is, for most people not in a 
position to inform or control, divided into the 
two archetypal groups - them and us. Be-· 
fore the computer was employed on a large 
scale, newspapers were decidedly 'them': .a 
statement appearing in a newspaper article 
had an aura of truth about it, however 
wrong-headed the responsible .journalist. 
Now, many people are considerably more 
aware, perhaps because of television, that 
words in print carry no more weight than 
spoken ones. 

Computer systems have taken over the 
mantle of infallibility. A systeni, however, 
'includes the programmer and can be ex­
tended to include the person who uses the 
processed information in his work as a police · 
data collator or bank official. Such a person is 
not normally technically-inclined and may 

. well b~ disposed to accept the information 
provided as impeccable, even though it may 
not be - computers, being programmed and 
operated by humans and being nothing but 
machines anyway, can produce spurious 
output. When one is refused a bank loan, 
therefore, or asked to 'help the police in their 
enquiries', it could be that the spurious 
output has prompted the refusal or request. 
Any query of the validity of the information 
is barely possible, since its existence will not 
be referred to. Credit will simply be refused 
and the police will offer no explanation. 
Eventually, it is possible that misunderstan­
ding and computer hiccup would be sorted 
out by concerned officials, but what if they 
are not concerned and caring? 

No, it is not the machines that cause the 
nightmares - it is the faCt that a petty 

'official will believe 'the word of a computer 
in preference to that of a person every time, 
and some of the time the person won't know 
the computer is involved. 
W . Dampier 
Wallington 
Surrey 

PERSONAL RAD .IO 
SERVICES .· 
The system described by Howard Tillotson in 
your August issue (Citizens' band com­
munication system, pp.61-62) is magnificent 
but it is not c. b. Research in countries where 
c.b. is legal shows that a large part of the 

· attraction of c.b. for the consumer is the 
facility which it offers to talk to nearby c.b. 
users even if they are not known to the 
operator. Mr Tillotson's system depends on 
the operator knowing which station he 
wishes to contact and also the "address 
code" of that station. 

Such a system would be easy to implement 
with modem digital techniques but I do not 
think it would be very popular if it was the 
only system available. If it were one option 
ainong many, however, I think that it would 
be very attractive and could lead to ail 
increase in c.b. use and in the services avail­
able to c.b. users. 

When the Citizens' Band Association or-· 
iginally proposed the idea of automatic iden­
tification for British c.b. equipment it was for 

the sole purpose of enabling the authorities 
to monitor the system and detect and identify 
people who misused it. Since then we have 
realised that auto-ident offers all sorts of 
other possibilities including selective calling 
(in this case the receiver must also recognise 
its own identity but this is a trivial problem 
once the necessary digital eircuitry is instal­
led in th~ set), linking the c. b. user to the Post 
Office telephone · network (since auto-ident 
provides a means by which the user may be 
billed for the service), and now Mr Tillotson's 
proposals for digital message transmission 
and storage (which includes a low cost 
paging facility). 

When the Government legalises c.b. It 
should ensure. that the frequency a,llocated 
can be expanded in the future to allow for 
such growths of personal radio &ervices. By 
1900 we could have a personal radio service 
in Britain which offered some or all of the 
following options: 
1. Simple c.b. where a voice transmission is 
heard by any other user within range and 
listening on the same channel. 
2. Selective call c.b. wherettie receiver is set 
to \lnsequelch only on receipt of signals 
directed to its own unique "address'. Other 
users could still, of course, listen to such 
traffic so this option offers no increase in 
privacy, merely freedom from unwanted 
signals: 

3. "Carfax c.b." where mobile equipments 
were also capable of receiving v.h .f. 
"Carfax" -type signals on a channel adjacent 
to the c.b. channels. Although ''Carfax" is at 
present envisaged as an m.f. service there 
might be advantages to a v.h.f. system if 
Britain also had v.h.f. c.b., not least of which 
is the possibility of police cars carrying 
short-range "Carfax" transmitters with tape 
loop messages for deployment near major 
accidents or diversions. 
4 .. Access to the Post Office telephone net­
work from c.b. transceivers. The auto-iderit 
would allow billing for the service but quality 
would not be_ high and there would be no 
privacy. However the Post Office part of the 
system could be cheap and deployed every 
,few miles in tovyns or along major roads so 
that large numbers of people could use the 
service. 
5. Nationwide digital message handling and 
paging using a system similar to Mr Tillot­
son's. For short ranges user-user contacts 
would suffice but over longer ranges the Post 
Office would again be involved. In the latter 
case costs would be higher since the system 
would need to know where any user was at 

.any time so a central computer "log" of 
locations would be necessary - updated 
whenever the user made a transmission on 
any channel in the system. . 

Such a system approaches the notorious 

71 

"Flash Gordon wrist radio" system in science 
fiction content but'is in fact practicable with 
present day technology. The infrastructure 
would probably cost under £350 million and 
the sets could be made for as little as £200 at 
present day prices. Such facilities would be in 
advance of anything planned anywhere else 
in the world and could provide Britain with a 

. huge export market as other countries plan-

. ned similar systems. 
James M. Bryant 
President, Citizens' Band Association 
Cheltenham 
Glos 

W HAT IS 
AN ELECTRON? 
Dazzled as I always am by the subtlety, 
sophistication and sanctity of many modern 
physics texts and articles, I often feel it brutal 
and brutish to enquire whether this is really 
science they are talking about; or is it, rather, 
a badly confused mixture of science with 
plenty of hierophantic divinity, whence an 
aura of metaphysical mystique cloaks and 
obscures the real facts and phenomena of 
nature, and, if so, why is this confused 
nonsense still insistently presented as 

·genuine science? I fear that Professor R. C. 
Jennison (June, 1979, issue) is one of those 
amusingly ingenious experimentalists who, 
having been duped by Planck, Einstein, Dirac 
and their mystic school of "transcendental 
symbolism" into believing that their sacred 
theories are valid descriptions of nature, 
have added insult to injury by ridiculously 
proceeding to "prove" these follies by ex­
periment! 

Jennison writes about electrons, positrons, 
photons, etc, bumping into each other as if 
they were cars bumping into each other. 
Attempts, however, to extrapolate concep­
tions from our common pool of human ex­
perience to the realm of the microcosm to 
which we sadly have no direct sensual, and 
inadequate instrumental, access are totally 
unjustified and, unhappily, lead to meaning­
less theories and nonsensical corollaries. 
Such dubious theories should not be 
accepted, let alone be proposed, however 
attractive and temporarily successful they 
may seemingly be. I am afraid that Jennison's 
peculiar "phase-locked cavity" model of the 
electron is the most recent example of this 
weak-minded extrapolation. 

Certain phenomena are "explained" in , 
terms of radiation being waves; yet other 
phenomena are "explained" if radiation is 
assumed to be photons. To conclude that 
radiation can be both waves and/or particles 
is incredibly unwise; and the fact that this 
conclusion is regularly reached by persons 
occupying the highest positions simply 
shows the desperate plight of modern 
physics. A billiards ball is, by definition, a 
particle; ripples on the surface of a pond are, 
by definition, waves. What is an electron? 
What is light? I am afraid that responsible 
science cannot, with present-day means, 
provide any answer nor can Professor Jenni­
son, however much research he does, and 
however many irksome pages he may wish to 
use. . 
· · It was, of course, to be expected that the 
naive attempt to apply the "transcendental 
symbolism" to physical reality and, on the 
other hand, to effect the improper extrapola­
tion which I mentioned earlier would ines­
capably involve great difficulties; it would 
also produce embarrassing contradictions; 
and it would unhappily conclude impossible 



· The cassette was our baby. 
At the time, . it was a startling and 

exciting innovation. 
But times change. 
In fact, there are now over 50 makes 

-- of cassette and over 1,000 decks. 
And enough ·Wow and flutter figures 

to send Pythagoras round the ben<;!. 
Consequently, finding the right 

cassette for a deck isn't quite as simple as 
it used to be. 

That's why we tested our present 
range of five cassettes on almost every 
popular cassette deck around. . 

A few results may surprise you. 
We found, for instance, that a few of 

the most expensive decks didn't. necessarily · 
work best with our most expensiv~.tQpe. 

And that a handful of the 
middle priced decks did. I ~ 

. ,. ( 

We also found that it's foolish ;;.. 

PHILIPS 

to generalise about certain types of tape 
being right for all Japanese decks or all 

·· Eurqpean .decks. . .. 
Our findings are available on a 

pocket chart that lists almost every popular 
deck with the cassette that matches it 
most perfectly. 

You'll find one at your local dealer. 
Either look at it or, every PHILIPS 

time you buy a cassette, wrestle e 
with a problem of monstrous 
proportions. 

Simply years ahead. ---- ....--

THE COMPREHENSIVE RANGE 
FROM THE INVENTORS OF THE AUDIO CASSETTE. 

WW -075 FOR FURTHER DETAILS 
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.I NFORMATION GAP 
It is all very well to protest in your leader for 
July that data banks and computers are 
really harmless, cuddly morons which, in the 
absence of humans, would be as naught, but 
that is exactly the problem. It is the fallibflity 
of controllers, not that of machines, that 
causes the moderately-imaginative citizen to 
view the computer state with misgiving. 

The world is, for most people not in a 
position to inform or control, divided into the 
two archetypal groups - them and us. Be-· 
fore the computer was employed on a large 
scale, newspapers were decidedly 'them': .a 
statement appearing in a newspaper article 
had an aura of truth about it, however 
wrong-headed the responsible .journalist. 
Now, many people are considerably more 
aware, perhaps because of television, that 
words in print carry no more weight than 
spoken ones. 

Computer systems have taken over the 
mantle of infallibility. A systeni, however, 
'includes the programmer and can be ex­
tended to include the person who uses the 
processed information in his work as a police · 
data collator or bank official. Such a person is 
not normally technically-inclined and may 

. well b~ disposed to accept the information 
provided as impeccable, even though it may 
not be - computers, being programmed and 
operated by humans and being nothing but 
machines anyway, can produce spurious 
output. When one is refused a bank loan, 
therefore, or asked to 'help the police in their 
enquiries', it could be that the spurious 
output has prompted the refusal or request. 
Any query of the validity of the information 
is barely possible, since its existence will not 
be referred to. Credit will simply be refused 
and the police will offer no explanation. 
Eventually, it is possible that misunderstan­
ding and computer hiccup would be sorted 
out by concerned officials, but what if they 
are not concerned and caring? 

No, it is not the machines that cause the 
nightmares - it is the faCt that a petty 

'official will believe 'the word of a computer 
in preference to that of a person every time, 
and some of the time the person won't know 
the computer is involved. 
W . Dampier 
Wallington 
Surrey 

PERSONAL RAD .IO 
SERVICES .· 
The system described by Howard Tillotson in 
your August issue (Citizens' band com­
munication system, pp.61-62) is magnificent 
but it is not c. b. Research in countries where 
c.b. is legal shows that a large part of the 

· attraction of c.b. for the consumer is the 
facility which it offers to talk to nearby c.b. 
users even if they are not known to the 
operator. Mr Tillotson's system depends on 
the operator knowing which station he 
wishes to contact and also the "address 
code" of that station. 

Such a system would be easy to implement 
with modem digital techniques but I do not 
think it would be very popular if it was the 
only system available. If it were one option 
ainong many, however, I think that it would 
be very attractive and could lead to ail 
increase in c.b. use and in the services avail­
able to c.b. users. 

When the Citizens' Band Association or-· 
iginally proposed the idea of automatic iden­
tification for British c.b. equipment it was for 

the sole purpose of enabling the authorities 
to monitor the system and detect and identify 
people who misused it. Since then we have 
realised that auto-ident offers all sorts of 
other possibilities including selective calling 
(in this case the receiver must also recognise 
its own identity but this is a trivial problem 
once the necessary digital eircuitry is instal­
led in th~ set), linking the c. b. user to the Post 
Office telephone · network (since auto-ident 
provides a means by which the user may be 
billed for the service), and now Mr Tillotson's 
proposals for digital message transmission 
and storage (which includes a low cost 
paging facility). 

When the Government legalises c.b. It 
should ensure. that the frequency a,llocated 
can be expanded in the future to allow for 
such growths of personal radio &ervices. By 
1900 we could have a personal radio service 
in Britain which offered some or all of the 
following options: 
1. Simple c.b. where a voice transmission is 
heard by any other user within range and 
listening on the same channel. 
2. Selective call c.b. wherettie receiver is set 
to \lnsequelch only on receipt of signals 
directed to its own unique "address'. Other 
users could still, of course, listen to such 
traffic so this option offers no increase in 
privacy, merely freedom from unwanted 
signals: 

3. "Carfax c.b." where mobile equipments 
were also capable of receiving v.h .f. 
"Carfax" -type signals on a channel adjacent 
to the c.b. channels. Although ''Carfax" is at 
present envisaged as an m.f. service there 
might be advantages to a v.h.f. system if 
Britain also had v.h.f. c.b., not least of which 
is the possibility of police cars carrying 
short-range "Carfax" transmitters with tape 
loop messages for deployment near major 
accidents or diversions. 
4 .. Access to the Post Office telephone net­
work from c.b. transceivers. The auto-iderit 
would allow billing for the service but quality 
would not be_ high and there would be no 
privacy. However the Post Office part of the 
system could be cheap and deployed every 
,few miles in tovyns or along major roads so 
that large numbers of people could use the 
service. 
5. Nationwide digital message handling and 
paging using a system similar to Mr Tillot­
son's. For short ranges user-user contacts 
would suffice but over longer ranges the Post 
Office would again be involved. In the latter 
case costs would be higher since the system 
would need to know where any user was at 

.any time so a central computer "log" of 
locations would be necessary - updated 
whenever the user made a transmission on 
any channel in the system. . 

Such a system approaches the notorious 
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"Flash Gordon wrist radio" system in science 
fiction content but'is in fact practicable with 
present day technology. The infrastructure 
would probably cost under £350 million and 
the sets could be made for as little as £200 at 
present day prices. Such facilities would be in 
advance of anything planned anywhere else 
in the world and could provide Britain with a 

. huge export market as other countries plan-

. ned similar systems. 
James M. Bryant 
President, Citizens' Band Association 
Cheltenham 
Glos 

W HAT IS 
AN ELECTRON? 
Dazzled as I always am by the subtlety, 
sophistication and sanctity of many modern 
physics texts and articles, I often feel it brutal 
and brutish to enquire whether this is really 
science they are talking about; or is it, rather, 
a badly confused mixture of science with 
plenty of hierophantic divinity, whence an 
aura of metaphysical mystique cloaks and 
obscures the real facts and phenomena of 
nature, and, if so, why is this confused 
nonsense still insistently presented as 

·genuine science? I fear that Professor R. C. 
Jennison (June, 1979, issue) is one of those 
amusingly ingenious experimentalists who, 
having been duped by Planck, Einstein, Dirac 
and their mystic school of "transcendental 
symbolism" into believing that their sacred 
theories are valid descriptions of nature, 
have added insult to injury by ridiculously 
proceeding to "prove" these follies by ex­
periment! 

Jennison writes about electrons, positrons, 
photons, etc, bumping into each other as if 
they were cars bumping into each other. 
Attempts, however, to extrapolate concep­
tions from our common pool of human ex­
perience to the realm of the microcosm to 
which we sadly have no direct sensual, and 
inadequate instrumental, access are totally 
unjustified and, unhappily, lead to meaning­
less theories and nonsensical corollaries. 
Such dubious theories should not be 
accepted, let alone be proposed, however 
attractive and temporarily successful they 
may seemingly be. I am afraid that Jennison's 
peculiar "phase-locked cavity" model of the 
electron is the most recent example of this 
weak-minded extrapolation. 

Certain phenomena are "explained" in , 
terms of radiation being waves; yet other 
phenomena are "explained" if radiation is 
assumed to be photons. To conclude that 
radiation can be both waves and/or particles 
is incredibly unwise; and the fact that this 
conclusion is regularly reached by persons 
occupying the highest positions simply 
shows the desperate plight of modern 
physics. A billiards ball is, by definition, a 
particle; ripples on the surface of a pond are, 
by definition, waves. What is an electron? 
What is light? I am afraid that responsible 
science cannot, with present-day means, 
provide any answer nor can Professor Jenni­
son, however much research he does, and 
however many irksome pages he may wish to 
use. . 
· · It was, of course, to be expected that the 
naive attempt to apply the "transcendental 
symbolism" to physical reality and, on the 
other hand, to effect the improper extrapola­
tion which I mentioned earlier would ines­
capably involve great difficulties; it would 
also produce embarrassing contradictions; 
and it would unhappily conclude impossible 
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corollaries. The genuine contradictions had 
to be concealed, somehow, and were, there­
fore, masqueraded as paradoxes~ apparent 
contradictions, the existence of wh1ch almost 
everybody admits but few have claimed to 
have resolved. Further, several patently 
impossible conclusions (e.g. time-dilatio~) 
were, amazingly, believed to be true. But m 
order to believe impossible things, one has to 
live, along with Lewis Carroll's celebra~ed 
Alice in Wonderland ... Likewise, the phl~O­
sophical proposition of "equival~nt desc~tp­
tions" (e.g. wave/particle), notwtthstan?mg: 
the crazy incompatibility of the vanous 
descriptions and a convenient way of de­
luding themselves; it serves no usefu~ P.ur­
pose, apart from deceiving and mystlfymg 
the lay public. 

Jennison's doubtful derivation of F = ma 

and E= mc2 from his peculiar hypotheses is 
neither compelling nor impressive. The fact 
that the careless use of mathematics and/or 
of funny thought-experiments in ivory 
towers cannot prove anything, apparently 

escapes him. Nevertheless, in Je~nis~n_'s 
sense, and with his poor, unsc1enttf1c 
methods, one can "prove" anything, of 
course. It is not surprising that even 
meaningless-theories (e.g. relativity) and 
impossible corollaries are regularly "proved"-
in this way. __ ____ . -

Jennison also writes about inertia, charge, 
magnetic moment, etc, of electrons as if theY: 
were real, measurable things. Contrary to 
popular belief, this is, of course, wrong and. all 
ill-conceived and impatient attempts to fmd 
superficial "explanations" of these ~oncepts 
usually prove unproductive, if not mtsleadmg 
and wasteful. It is not, in any case, the 
business of science to make such presump­
tuous attempts, and those who do, and 
there are so many, regrettably make a 
travesty' of science. · 

The errors surrounding the concept of 
inertia are typical and they demonstrate the 
utter confusion prevalent in theoretical 
physics. If Jennison cared at all ~o study 
Ernst Mach himself (second- or third-hand 
accounts are no good for they are almost 
always hopelessly misleading) he might ~.ave 
realised that Mach's concern was not ex­
plaining" inertia but the sear~h for a s~tis­
factory answer to the pressmg questwn: 
"with respect to what should one describe 
the position and the motion of a body?" Mac_h 
suggested "the entire universe" 1 and, as 1s 
well :\uthenticated bht little publicised, he 
dismis:>ed instantly Einstein's answers: the

1 

principles of relativity, equivalence and 
similar rubbish.2 So do all genuine physicists, 

.of course (for instance, L. Essen, Octo.ber 
1978-and April1979 issues). What is aston~sh­
ing, however, and, for that matter, particu­
larly disturbing is the foolish insistence of 
Einstein and his followers that they have 
implemented Mach's teachings and _vind.i­
cated his ideas . . . With regard to mertla 
Mach wrote: 

As soon therefore as we, our atterrtion being 

drawn to the fact by experience, have per­

ceived in bodies the existence of a spe.cial 
property [inertia] determinative of accelera­
tions our task with regard to It ends with the 

recq~nition and unequivocal _designat~on of 
this ifact. Beyond the recogmtwn of this fa~t 

we shall not get. and every venture ~eyond It 
will only be productive of obscurity. 

Einstein and his disciples did not heed 
Mach's words, so the obscurity and 
confusion which resulted is simply and truly 
abysmal, and may be evidenced in Jennison's 
article. 

It is high time that a revolution should take 
place in physics. 
Theo Theocharis 
Department of Mathematics 
Imperial College 
London,SW7 

References · 
1. E. Mach, The Science of Mechanics, Open 
Court, Sixth American Edition, 1960; p. 28_6. 
2. E. Mach, The Principles of Physical Opttcs, 
Methuen, London, 1926; pp vii-viii. 
3. Ref. 1; pp 270-271. 

The author replies: 

Dr Theocharis's sermon is pure fire and 
brimstone and I would not dare to question 
his dogmas lest I be smitten with inexplicable 

annihilation. I am only flatt_ered tha~ I am 
categorised as writing simtlar rubbtsh to 
Einstein! 

I have, of course, studied the relevant parts 
of Mach's original works and I quote a line 
from his opening argument: "When we 
reflect that we cannot abolish the isolated 
bodies . . . it will be found expedient pro­
visionally to regard all motion as determined 

by these bodies". As I have stated elsewher_e, 
one cannot abolish a wealth of parameters m 
almost every physical problem but inability 
to abolish does not necessarily identify the 
criminal. The criminal in this case lurks in the 
test particle which Mach assumed to be a 
point. Having shown that kinematic motion 
requires a system of reference, Ma~h calls 
upon this frame of reference, th_e Isolated 
(distant) bodies, for an expla~atwn of the 
dynamics. His only argument m support of 
this is that there must be a reason for the 
dynamical behaviour but, on looking around 
the test particle for cause, all that can be 
observed are the other isolated bodies 
against which the kinematic motion may_ be 
measured. The fallacy lies in the assumptiOn 
that the test particle is a point; he therefore 
looked around and not inside the test par~ 

· tide. Strictly a point mass cannot exist a_nd 
the principle of the phase-locked cavt_ty 
recognises the finite dimensions and_ relativ­
istic rigidity of the smallest par~Jcles ~f 
matter. It recognises the need for a kmemattc 
reference frame but accounts entirely for the 
dynamics within the test particle itself when 
it is accelerated relative to that frame. 
Mach's clearly stated assumption of point 
masses caused him to be quite dogmatic in 
developing the theme that there could be no 
other explanation for the dynamics than that 
provided by the relative motion of the 
reference system of the distant isolated 
bodies. Although he initially stated that he 
would use it as "expedient provisionally", he 
applied it didactically as a law ~f n~t~re. 

In terms of classical dynamtcs 1t ts clear 
that Mach's argument is an extension of 
Boscovich's hypothesis of separate rigid 
bodies rather than d' Alembert's principle of 
systems analysis. My own analysis fully 
vindicates d' Alembert at the expense of 

Boscovich. 
Perhaps Dr Theocharis can tell us how to 

construct a rigid body and with what he 
proposes to replace Einstein's special theory? 

I am accused of being "duped by Planck, 
Einstein and Dirac," to whom I admit I 
willingly kneel, but I regret that I cannot 
cope with the theological theories of Theo 
Theocharis. 
R. C. Jennison 

Further letters on this subject will be published 

later. 
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C-D IGNITION FOR 
MOTORCYCLES 
Having read with interest J. H. J. Da~son's 
letter in the August issue on the su~Ject _of 
modifying the R. M. Marston capacttor ~Is­
charge ignition unit for motorcycles I th_mk 
you may be interested in m~ ~wn pra~t~cal 
observations. I have done a stmllar mo?tftca­
tion to a commercial (Sparkrite) umt a~d 
originally found the same sort of false tn~­
gering to which Mr Dawson ~e;ers. It ~~ 
perhaps hardly surprising that thts crosstal_k 
occurs, bearing in mind the enormous dtf­
ference between the input trigger voltage of 
·the unit and the voltage appearing across the 
secondary of the ignition coils - some 70 dB! 
In my case, the effect could be eliminated 
entirely by keeping the contact-breaker 
connections apart, preferably screened, and. 
by keeping them well away from the h.t. 

leads. . . , . . · h 
Mr ba~son makes the point th_at t_ ese 

precautions, including his own ctrcutt to 
inhibit false triggering, should only be 
necessary on goo V twin motorcycles or th~ee 
cylinder machines. In fact I can assure htm 
that it's also necessary on many of the l~rger 
parallel twins or four-cylind_er. engmes. 
Whilst the effect on his 90" V twm IS perha~s 
one of the worst cases, a redundant spark Is 
extremely detrimental to the pe~ormanc~ of 
a 180" parallel twin or four-cyhnder engme. · 

In these cases an unwanted spark can o~cur 
at the end of an intake stroke when th~ mlet 
valve is just closing. Obviously, the mixture 
is not under compression, but the effects s~en 
in practice suggest that some co~bustton 
occurs. If the c-d . units are expenmentally 

1 

linked together (i.e. 100% crosstalk), the 
engine still runs, but at reduced power. As 
most two- and four-cylinder motorcycles 

'employ the 180° system, there is _i~~~ed no 
need for most motorcyclists to emp1oy, a. 
circuit as · sophisticated as Mr. Daw~o~ s 
merely to guard against the one-m-a-mdhon 
chance of a false spark - it would pass 
unnoticed. There is, however, every need to 
guard against substantial crosstalk. 

Finally, rather than tackle the problem 
electronically, it might be an even better 
approach to use an optical system and to 
convey the pulses from the cai?sha~t to the 
c-d unit by means of twin opti~~l f1b:es. _In 
this way there would be no sens1t1ve ctrcutts 
around to pick up the stray pulses. 
John S. Wilson 
Amersham 
Bucks 

DISPLACEMENT 
CURRENT IN A VACUUM 
Whilst one may agree with the excellent 
logical argument via Maxwen:s equa~ion~, in 
Professor D. A. Bell's interestmg art1cle No 
radio without displacement current" in your 

August issue, I still find myself needing_ a 
further empirical justification of the dis­
placement current, i.e. what is displaced in a 
vacuum? 

Now a Dr James Dodd has recently writ­
ten, in New Scientist, 1st March, 1979, in an 
article entitled "Colouring in the quark 
theory", that "Only naively does the vacuum 
live up to its name. In relativistic qua~tum 
theory it is a sea of virtual electron-positron 
pairs . .. " If Dr Dodd is right, could It not be 
that this could constitute an ether capable of 
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displacement? Moreover, on this assumption, 
would it not be possible to devise a simple 
theory to derive an expression for the 
impedance of free-space, or vacuo, normally 
obtained in textbooks (e.g. Telecommunica­
tions, by AT. Starr) via Ampere's Law, as 377 
ohms, or 120 'TTohms? I would be very inter­
ested in your comments. 

Moreover, I still cannot understand how a 
vacuum can offer an impedance to an elec­
tromagnetic wave, unless there is something 
there to do so! Perhaps someone could ex­
plain this to me. 
Peter G. M. Dawe 
Batley 
Oxford 

The author replies: 
The question of intrinsic impedance of free 
space is fairly easily dealt with . The term 

'impedance' is here merely a figure of speech, 
introduced because there is a close analogy_ 

. 'with the characteristic impedance of a uni­
form transmission line. It merely means that 
in a radiated wave the ratio of electric field ­
strength to magnetic field~strength has a 
constant value which is a function only of the 
medium through which the wave is propa­
gated. If the medium is free space, E/H=377 
·and since E and H are measured in volts/ 
metre and amps/metre respectively, the ratio 
has the dimension of ohms. 
. I am afraid "a sea of virtual electron­
positron pairs" does not seem to me any more 
'tangible than 'free space', especially as the 
word virtual is included. There are other 
aspects of physics which to me seem equally 
'unreal': from Newton to Einstein it was 
accepted that gravitation was action-at-a­
distance, and although 'curved space' can be 
described by good mathematics, I cannot see 
that it fits with any everyday experience. One 
can only say that much of our knowledge of 
the universe today can be expressed 
coherently in a mathematical formalism 

·which does not correspond with everyday 
experience of the approximate behaviour of 
sizeable objects, i.e. with mechanical models. 

. D. A Bell 

VH F RAD IO AND 
THE OPEN 
UN IVERSITY 
As with the BBC's fulsome, irrelevant, con­
tradictory and evasive reply given to me 
when I made the same complaints as your 
correspondents Dr Crook and Mr Blanchard 
(July letters), their reply is j~st not good 
enough. 

Long before there was any talk of Open 
University broadcasts the Corporation 
repeatedly told us that within a few years all 
their broadcasting would be on v.h.f. only 
and advised us to equip ourselves accor­
dingly. And, indeed, all their music pro-

. grammes were then available on v.h.f. Per­
sonally, with the age of retirement 
approaching and the possibility that the cost 
of changing . over might then be beyond 
me, I did as exhorted by them, scrapped as 
good an a.m. receiver as money could buy or 
build and invested in v.h.f. 

As one of your correspondents says, many 
of their best music programmes are now on 
a.m. only, and for what reason the Open . 

·University requires v.h.f. and stereo good­
ness only knows. Very, very few of these 
broadcasts require more than a low cost a.m. 
transistor set and, with most students 

already having them, they would well attract 
more listeners. 

As one of your correspondents suggests, 
one has to reach the conclusion that it is all a 
matter of empire building, that the BBC has 
too many whiz-kids being clever without 
knowing what they are doing and too arro­
gant, despite their smooth talk , to have 
regard to their previous commitments to 
listeners and makers. 
T. F. Mackay 
Broadway 
Wares 

In his reply to Dr Crook and Mr Blanchard 
·(July letters) Mr Sturge of the BBC En­
gineering Information Department says 
"unfortunately the v.h.f. channel has to be 
used for educational programmes .. . . " 

It does not have to be used for anything of 
the kind. That the BBC has agreed, possibly 
under pressure, to this abuse does not alter 
the fact that it is a continuing betrayal of 
those who took the BBC's advice and 
changed to v.h.f. 
D. J. Watson 
Hayfield 
Derbyshire 

3 D TELEVISION 
I have felt for some time that it is impossible 
to provide stereoscopic viewing of a moving 
image on a flat screen which can be viewed 

·for more than a short period without eye 
discomfort, for reasons connected with the 
mechanism which the brain uses to perceive 
distance. 

The brain uses two systems to estimate the 
distance of a viewed object, the first and 
probably the most important being the 
stereoscopic separation simulated by the 
various systems in use some years ago in the 
cinema. However, it is also necessary for the 

eye to focus to the correct distance to render 
a sharp image of the viewed object, and this 
focusing mechanism must be controlled by 
the brain . 

When attempting to view an artificial 
:stereoscopic image there must be conflict 
·between the two systems, since stereoscopy 

. ·is telling the brain that the moving object is, 
say, coming towards one, whilst feedback 
from the focusing mechanism insists that the 

· object is moving only at a fixed distance on a 
flat screen. 

The result of this conflict must be discom­
fort, eyestrain and headaches, and this seems 
to be an insuperable barrier to 3D viewing 
until it -is possible to construct a genuine 
three-dimensional scene in the middle of the 
living room. 
K. P. Wood 
Wakefield 
West Yorkshire 

HIJACKING CARFAX? 

Peter Manson (August letters) raised the 
question of possible 'hijacking' of a Carfax 
service, and asks whether the designers of 
Carfax are considering this problem. The 
answer is that they certainly are, although 
you would not expect us to say anything 
about the methods which could be used to 
prevent such intrusions. 
D . P. Leggatt, . 

Head of Engineering Information Dept 
BBC 
London Wl 
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W HAT'S W RONG 
WITH TE LETEXT? 

I was interested to see the editorial in the 
August issue bemoaning the non-popularity 
of teletext; especially as I have just about 
finished the construction of a stand-alone 
teletext receiver, but have somewhat 'gone 
off' what it receives. 

The writer suggests "A hundred or so 
letters-to-the-editor broadcast every day. 
The trouble is your have to wait up to 30 
seconds for the 'next time round' for a 
particular page to be transmitted (on lTV the 
cycle time is over a minute) and, with only 
four lines of text transmitted per television 
frame there is no room for much expansion 
unles~ a whole tv channel is devoted to 
teletext alone. Even if more lines could be 
transmitted, it takes about half a minute to 
read a page, so that to read these suggested 
hundreds of pages would take all night! 

I agree that the content could be improved, 
but there does not seem to be any room for 
more pages. 

I read that the set making industry would 
like to get the price of the teletext facility 
down to about £65. I heartily agree with this 
figure - the present service is certainly 
worth no more. Small criticisms I have at the 
moment includ~: 
1. Frequent spelling and punctuation errors 
(no, not decoder faults!) _ 

2. Pages mentioned in indexes, but not 
actually transmitted. 
3. Pages that are transmitted but not indexed. 
(I only recently discovered the existence of 
several Oracle news pages that are not 
summarised anywhere - you have to sample 
a range of numbers to find what's there, and 
if a page is not being transmitted the only 
way you know it's not being transmitted is by 
waiting for more than a minute for its non­
appearance!) 
4. Stocks and shares. These are of no use to 
the ordinary viewer, and are too generalised 
to be of use to the stockbroker, who has 
much better sources of information already. 
5. The information should be more localised. 
On Oracle especially, one has to wait for all 
the regional pages to be transmitted before 
getting to one's own. 

Finally, a word of thanks to Wireless World 

for publishing constructional details of the tv 
tuner, teletext decoder, and digital PAL 
encoder; and to advertisers who sell 200 
"untested" i.cs for £1, enabling me to 

construct my teletext unit with under £40-
worth of materials. 
David Williams 
London SE12 

Why is it that British electronics invariably 
gets it wrong! If BREMA had asked the man 
in the street how he saw teletext he would 
have replied "a black box with coax input/ 
output sockets at around £30-40'' . 

O.K. it's not an ideal solution and is 
technically far more complicated than . is 
really necessary, but at least it would retain 
the framework of teletext and prevent it from 
becoming extinct. 

The only glimmer of hope is that our Asian 
brothers will produce a 'pluggable module' in 
time to save its "swan-song". 
David Jack 
Over Hulton 
Bolton 

Letters continued 
on page 76 
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corollaries. The genuine contradictions had 
to be concealed, somehow, and were, there­
fore, masqueraded as paradoxes~ apparent 
contradictions, the existence of wh1ch almost 
everybody admits but few have claimed to 
have resolved. Further, several patently 
impossible conclusions (e.g. time-dilatio~) 
were, amazingly, believed to be true. But m 
order to believe impossible things, one has to 
live, along with Lewis Carroll's celebra~ed 
Alice in Wonderland ... Likewise, the phl~O­
sophical proposition of "equival~nt desc~tp­
tions" (e.g. wave/particle), notwtthstan?mg: 
the crazy incompatibility of the vanous 
descriptions and a convenient way of de­
luding themselves; it serves no usefu~ P.ur­
pose, apart from deceiving and mystlfymg 
the lay public. 

Jennison's doubtful derivation of F = ma 

and E= mc2 from his peculiar hypotheses is 
neither compelling nor impressive. The fact 
that the careless use of mathematics and/or 
of funny thought-experiments in ivory 
towers cannot prove anything, apparently 

escapes him. Nevertheless, in Je~nis~n_'s 
sense, and with his poor, unsc1enttf1c 
methods, one can "prove" anything, of 
course. It is not surprising that even 
meaningless-theories (e.g. relativity) and 
impossible corollaries are regularly "proved"-
in this way. __ ____ . -

Jennison also writes about inertia, charge, 
magnetic moment, etc, of electrons as if theY: 
were real, measurable things. Contrary to 
popular belief, this is, of course, wrong and. all 
ill-conceived and impatient attempts to fmd 
superficial "explanations" of these ~oncepts 
usually prove unproductive, if not mtsleadmg 
and wasteful. It is not, in any case, the 
business of science to make such presump­
tuous attempts, and those who do, and 
there are so many, regrettably make a 
travesty' of science. · 

The errors surrounding the concept of 
inertia are typical and they demonstrate the 
utter confusion prevalent in theoretical 
physics. If Jennison cared at all ~o study 
Ernst Mach himself (second- or third-hand 
accounts are no good for they are almost 
always hopelessly misleading) he might ~.ave 
realised that Mach's concern was not ex­
plaining" inertia but the sear~h for a s~tis­
factory answer to the pressmg questwn: 
"with respect to what should one describe 
the position and the motion of a body?" Mac_h 
suggested "the entire universe" 1 and, as 1s 
well :\uthenticated bht little publicised, he 
dismis:>ed instantly Einstein's answers: the

1 

principles of relativity, equivalence and 
similar rubbish.2 So do all genuine physicists, 

.of course (for instance, L. Essen, Octo.ber 
1978-and April1979 issues). What is aston~sh­
ing, however, and, for that matter, particu­
larly disturbing is the foolish insistence of 
Einstein and his followers that they have 
implemented Mach's teachings and _vind.i­
cated his ideas . . . With regard to mertla 
Mach wrote: 

As soon therefore as we, our atterrtion being 

drawn to the fact by experience, have per­

ceived in bodies the existence of a spe.cial 
property [inertia] determinative of accelera­
tions our task with regard to It ends with the 

recq~nition and unequivocal _designat~on of 
this ifact. Beyond the recogmtwn of this fa~t 

we shall not get. and every venture ~eyond It 
will only be productive of obscurity. 

Einstein and his disciples did not heed 
Mach's words, so the obscurity and 
confusion which resulted is simply and truly 
abysmal, and may be evidenced in Jennison's 
article. 

It is high time that a revolution should take 
place in physics. 
Theo Theocharis 
Department of Mathematics 
Imperial College 
London,SW7 

References · 
1. E. Mach, The Science of Mechanics, Open 
Court, Sixth American Edition, 1960; p. 28_6. 
2. E. Mach, The Principles of Physical Opttcs, 
Methuen, London, 1926; pp vii-viii. 
3. Ref. 1; pp 270-271. 

The author replies: 

Dr Theocharis's sermon is pure fire and 
brimstone and I would not dare to question 
his dogmas lest I be smitten with inexplicable 

annihilation. I am only flatt_ered tha~ I am 
categorised as writing simtlar rubbtsh to 
Einstein! 

I have, of course, studied the relevant parts 
of Mach's original works and I quote a line 
from his opening argument: "When we 
reflect that we cannot abolish the isolated 
bodies . . . it will be found expedient pro­
visionally to regard all motion as determined 

by these bodies". As I have stated elsewher_e, 
one cannot abolish a wealth of parameters m 
almost every physical problem but inability 
to abolish does not necessarily identify the 
criminal. The criminal in this case lurks in the 
test particle which Mach assumed to be a 
point. Having shown that kinematic motion 
requires a system of reference, Ma~h calls 
upon this frame of reference, th_e Isolated 
(distant) bodies, for an expla~atwn of the 
dynamics. His only argument m support of 
this is that there must be a reason for the 
dynamical behaviour but, on looking around 
the test particle for cause, all that can be 
observed are the other isolated bodies 
against which the kinematic motion may_ be 
measured. The fallacy lies in the assumptiOn 
that the test particle is a point; he therefore 
looked around and not inside the test par~ 

· tide. Strictly a point mass cannot exist a_nd 
the principle of the phase-locked cavt_ty 
recognises the finite dimensions and_ relativ­
istic rigidity of the smallest par~Jcles ~f 
matter. It recognises the need for a kmemattc 
reference frame but accounts entirely for the 
dynamics within the test particle itself when 
it is accelerated relative to that frame. 
Mach's clearly stated assumption of point 
masses caused him to be quite dogmatic in 
developing the theme that there could be no 
other explanation for the dynamics than that 
provided by the relative motion of the 
reference system of the distant isolated 
bodies. Although he initially stated that he 
would use it as "expedient provisionally", he 
applied it didactically as a law ~f n~t~re. 

In terms of classical dynamtcs 1t ts clear 
that Mach's argument is an extension of 
Boscovich's hypothesis of separate rigid 
bodies rather than d' Alembert's principle of 
systems analysis. My own analysis fully 
vindicates d' Alembert at the expense of 

Boscovich. 
Perhaps Dr Theocharis can tell us how to 

construct a rigid body and with what he 
proposes to replace Einstein's special theory? 

I am accused of being "duped by Planck, 
Einstein and Dirac," to whom I admit I 
willingly kneel, but I regret that I cannot 
cope with the theological theories of Theo 
Theocharis. 
R. C. Jennison 

Further letters on this subject will be published 

later. 
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C-D IGNITION FOR 
MOTORCYCLES 
Having read with interest J. H. J. Da~son's 
letter in the August issue on the su~Ject _of 
modifying the R. M. Marston capacttor ~Is­
charge ignition unit for motorcycles I th_mk 
you may be interested in m~ ~wn pra~t~cal 
observations. I have done a stmllar mo?tftca­
tion to a commercial (Sparkrite) umt a~d 
originally found the same sort of false tn~­
gering to which Mr Dawson ~e;ers. It ~~ 
perhaps hardly surprising that thts crosstal_k 
occurs, bearing in mind the enormous dtf­
ference between the input trigger voltage of 
·the unit and the voltage appearing across the 
secondary of the ignition coils - some 70 dB! 
In my case, the effect could be eliminated 
entirely by keeping the contact-breaker 
connections apart, preferably screened, and. 
by keeping them well away from the h.t. 

leads. . . , . . · h 
Mr ba~son makes the point th_at t_ ese 

precautions, including his own ctrcutt to 
inhibit false triggering, should only be 
necessary on goo V twin motorcycles or th~ee 
cylinder machines. In fact I can assure htm 
that it's also necessary on many of the l~rger 
parallel twins or four-cylind_er. engmes. 
Whilst the effect on his 90" V twm IS perha~s 
one of the worst cases, a redundant spark Is 
extremely detrimental to the pe~ormanc~ of 
a 180" parallel twin or four-cyhnder engme. · 

In these cases an unwanted spark can o~cur 
at the end of an intake stroke when th~ mlet 
valve is just closing. Obviously, the mixture 
is not under compression, but the effects s~en 
in practice suggest that some co~bustton 
occurs. If the c-d . units are expenmentally 

1 

linked together (i.e. 100% crosstalk), the 
engine still runs, but at reduced power. As 
most two- and four-cylinder motorcycles 

'employ the 180° system, there is _i~~~ed no 
need for most motorcyclists to emp1oy, a. 
circuit as · sophisticated as Mr. Daw~o~ s 
merely to guard against the one-m-a-mdhon 
chance of a false spark - it would pass 
unnoticed. There is, however, every need to 
guard against substantial crosstalk. 

Finally, rather than tackle the problem 
electronically, it might be an even better 
approach to use an optical system and to 
convey the pulses from the cai?sha~t to the 
c-d unit by means of twin opti~~l f1b:es. _In 
this way there would be no sens1t1ve ctrcutts 
around to pick up the stray pulses. 
John S. Wilson 
Amersham 
Bucks 

DISPLACEMENT 
CURRENT IN A VACUUM 
Whilst one may agree with the excellent 
logical argument via Maxwen:s equa~ion~, in 
Professor D. A. Bell's interestmg art1cle No 
radio without displacement current" in your 

August issue, I still find myself needing_ a 
further empirical justification of the dis­
placement current, i.e. what is displaced in a 
vacuum? 

Now a Dr James Dodd has recently writ­
ten, in New Scientist, 1st March, 1979, in an 
article entitled "Colouring in the quark 
theory", that "Only naively does the vacuum 
live up to its name. In relativistic qua~tum 
theory it is a sea of virtual electron-positron 
pairs . .. " If Dr Dodd is right, could It not be 
that this could constitute an ether capable of 
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displacement? Moreover, on this assumption, 
would it not be possible to devise a simple 
theory to derive an expression for the 
impedance of free-space, or vacuo, normally 
obtained in textbooks (e.g. Telecommunica­
tions, by AT. Starr) via Ampere's Law, as 377 
ohms, or 120 'TTohms? I would be very inter­
ested in your comments. 

Moreover, I still cannot understand how a 
vacuum can offer an impedance to an elec­
tromagnetic wave, unless there is something 
there to do so! Perhaps someone could ex­
plain this to me. 
Peter G. M. Dawe 
Batley 
Oxford 

The author replies: 
The question of intrinsic impedance of free 
space is fairly easily dealt with . The term 

'impedance' is here merely a figure of speech, 
introduced because there is a close analogy_ 

. 'with the characteristic impedance of a uni­
form transmission line. It merely means that 
in a radiated wave the ratio of electric field ­
strength to magnetic field~strength has a 
constant value which is a function only of the 
medium through which the wave is propa­
gated. If the medium is free space, E/H=377 
·and since E and H are measured in volts/ 
metre and amps/metre respectively, the ratio 
has the dimension of ohms. 
. I am afraid "a sea of virtual electron­
positron pairs" does not seem to me any more 
'tangible than 'free space', especially as the 
word virtual is included. There are other 
aspects of physics which to me seem equally 
'unreal': from Newton to Einstein it was 
accepted that gravitation was action-at-a­
distance, and although 'curved space' can be 
described by good mathematics, I cannot see 
that it fits with any everyday experience. One 
can only say that much of our knowledge of 
the universe today can be expressed 
coherently in a mathematical formalism 

·which does not correspond with everyday 
experience of the approximate behaviour of 
sizeable objects, i.e. with mechanical models. 

. D. A Bell 

VH F RAD IO AND 
THE OPEN 
UN IVERSITY 
As with the BBC's fulsome, irrelevant, con­
tradictory and evasive reply given to me 
when I made the same complaints as your 
correspondents Dr Crook and Mr Blanchard 
(July letters), their reply is j~st not good 
enough. 

Long before there was any talk of Open 
University broadcasts the Corporation 
repeatedly told us that within a few years all 
their broadcasting would be on v.h.f. only 
and advised us to equip ourselves accor­
dingly. And, indeed, all their music pro-

. grammes were then available on v.h.f. Per­
sonally, with the age of retirement 
approaching and the possibility that the cost 
of changing . over might then be beyond 
me, I did as exhorted by them, scrapped as 
good an a.m. receiver as money could buy or 
build and invested in v.h.f. 

As one of your correspondents says, many 
of their best music programmes are now on 
a.m. only, and for what reason the Open . 

·University requires v.h.f. and stereo good­
ness only knows. Very, very few of these 
broadcasts require more than a low cost a.m. 
transistor set and, with most students 

already having them, they would well attract 
more listeners. 

As one of your correspondents suggests, 
one has to reach the conclusion that it is all a 
matter of empire building, that the BBC has 
too many whiz-kids being clever without 
knowing what they are doing and too arro­
gant, despite their smooth talk , to have 
regard to their previous commitments to 
listeners and makers. 
T. F. Mackay 
Broadway 
Wares 

In his reply to Dr Crook and Mr Blanchard 
·(July letters) Mr Sturge of the BBC En­
gineering Information Department says 
"unfortunately the v.h.f. channel has to be 
used for educational programmes .. . . " 

It does not have to be used for anything of 
the kind. That the BBC has agreed, possibly 
under pressure, to this abuse does not alter 
the fact that it is a continuing betrayal of 
those who took the BBC's advice and 
changed to v.h.f. 
D. J. Watson 
Hayfield 
Derbyshire 

3 D TELEVISION 
I have felt for some time that it is impossible 
to provide stereoscopic viewing of a moving 
image on a flat screen which can be viewed 

·for more than a short period without eye 
discomfort, for reasons connected with the 
mechanism which the brain uses to perceive 
distance. 

The brain uses two systems to estimate the 
distance of a viewed object, the first and 
probably the most important being the 
stereoscopic separation simulated by the 
various systems in use some years ago in the 
cinema. However, it is also necessary for the 

eye to focus to the correct distance to render 
a sharp image of the viewed object, and this 
focusing mechanism must be controlled by 
the brain . 

When attempting to view an artificial 
:stereoscopic image there must be conflict 
·between the two systems, since stereoscopy 

. ·is telling the brain that the moving object is, 
say, coming towards one, whilst feedback 
from the focusing mechanism insists that the 

· object is moving only at a fixed distance on a 
flat screen. 

The result of this conflict must be discom­
fort, eyestrain and headaches, and this seems 
to be an insuperable barrier to 3D viewing 
until it -is possible to construct a genuine 
three-dimensional scene in the middle of the 
living room. 
K. P. Wood 
Wakefield 
West Yorkshire 

HIJACKING CARFAX? 

Peter Manson (August letters) raised the 
question of possible 'hijacking' of a Carfax 
service, and asks whether the designers of 
Carfax are considering this problem. The 
answer is that they certainly are, although 
you would not expect us to say anything 
about the methods which could be used to 
prevent such intrusions. 
D . P. Leggatt, . 

Head of Engineering Information Dept 
BBC 
London Wl 
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W HAT'S W RONG 
WITH TE LETEXT? 

I was interested to see the editorial in the 
August issue bemoaning the non-popularity 
of teletext; especially as I have just about 
finished the construction of a stand-alone 
teletext receiver, but have somewhat 'gone 
off' what it receives. 

The writer suggests "A hundred or so 
letters-to-the-editor broadcast every day. 
The trouble is your have to wait up to 30 
seconds for the 'next time round' for a 
particular page to be transmitted (on lTV the 
cycle time is over a minute) and, with only 
four lines of text transmitted per television 
frame there is no room for much expansion 
unles~ a whole tv channel is devoted to 
teletext alone. Even if more lines could be 
transmitted, it takes about half a minute to 
read a page, so that to read these suggested 
hundreds of pages would take all night! 

I agree that the content could be improved, 
but there does not seem to be any room for 
more pages. 

I read that the set making industry would 
like to get the price of the teletext facility 
down to about £65. I heartily agree with this 
figure - the present service is certainly 
worth no more. Small criticisms I have at the 
moment includ~: 
1. Frequent spelling and punctuation errors 
(no, not decoder faults!) _ 

2. Pages mentioned in indexes, but not 
actually transmitted. 
3. Pages that are transmitted but not indexed. 
(I only recently discovered the existence of 
several Oracle news pages that are not 
summarised anywhere - you have to sample 
a range of numbers to find what's there, and 
if a page is not being transmitted the only 
way you know it's not being transmitted is by 
waiting for more than a minute for its non­
appearance!) 
4. Stocks and shares. These are of no use to 
the ordinary viewer, and are too generalised 
to be of use to the stockbroker, who has 
much better sources of information already. 
5. The information should be more localised. 
On Oracle especially, one has to wait for all 
the regional pages to be transmitted before 
getting to one's own. 

Finally, a word of thanks to Wireless World 

for publishing constructional details of the tv 
tuner, teletext decoder, and digital PAL 
encoder; and to advertisers who sell 200 
"untested" i.cs for £1, enabling me to 

construct my teletext unit with under £40-
worth of materials. 
David Williams 
London SE12 

Why is it that British electronics invariably 
gets it wrong! If BREMA had asked the man 
in the street how he saw teletext he would 
have replied "a black box with coax input/ 
output sockets at around £30-40'' . 

O.K. it's not an ideal solution and is 
technically far more complicated than . is 
really necessary, but at least it would retain 
the framework of teletext and prevent it from 
becoming extinct. 

The only glimmer of hope is that our Asian 
brothers will produce a 'pluggable module' in 
time to save its "swan-song". 
David Jack 
Over Hulton 
Bolton 
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Schmitt-type astable circuits 
by Peter Williams Ph.D, Paisley College of Technology 

ASTABLE -SCHMITT EO/II VALENT 

'!::. ~2 OP. AMP. ASTABLE 

STANDAR-D 555 77MIN6 C!RC/1/T 

VA.eiABLc 

't"t = ~c 
( I 

YV\ 

MARK -5PAcc. RA11o 

'6A = l?_a CJ 
.. B • ~<e,c 

roR t4 = /c ~ 

t 8 = k r8 

~ + ts = ({'ZA-~" 6s) 

= kc C~,. Rtl) 

The success of the comparators/flip-flop configuration in duplicating the behaviour of a Schmitt 

trigger suggests that it can be applied to all the other functions normally using a Schmitt. A good 

example is that of the op .-amp. astable, and the two forms are shown for comparison. The Q output of 

the flip-flop is returned via a resistor to charge the capacitor. The thresholds are V 5 I 3 and 2V 5 /3, the 

, capacitor charging and discharging between these limits . The time constant is the same for the two 

parts of the cycle but, since the output voltage does not necessarily swing to 0 and V 5 , the charge and 

discharge times will differ. It is to avoid this uncontrolled error that the open-collector output is 

provided in the 555 form; this allows better definition in the voltage swing. However, the 555 does 

function in the form shown, releasing the open-collector output for other functions if required, e.g. as 

a chopper, firing thyristors etc. The 55 5 can also be used with dual polarity supplies if desired, giving 

bipolar outputs, but the d.c. offset cannot be guaranteed since it depends on the matching of the 

three internal resistors. 

In the simplest form to analyse, the output voltage switches between equal positiVe and negative 

values. These can be ±V/2 for op .-amps . having c .m .o .s. output stages (e.g. CA3130). 

Alternatively, breakdown diodes may be used to clip less well-defined outputs to lower but more 

accurate values . The values chosen resu It in switching levels of ±VI 6 with a hysteresis of VI 3 or 

one-third of the total supply. This is identical with that for a standard 5 55 and is a good compromise 

between excessive common-mode swings and offset difficulties at lower levels. The bridge 

configuration is discussed later in connection with a general classification of astable circuits using a 

single capacitor. Capacitor waveform cannot be fed directly to a load without both the waveform and 

the frequency being affected. The square wave can be used, since it appears at the op.-amp . output. 

Even if the load reduces the output, it need have little effect on the frequency, since both the 

thresholds and charging voltages remain proportional, i.e . the rate-of-change of capacitor voltage' 

varies with the voltage excursions required tor switching, and the times between switching points 

should be comparable. 

A cautionary note: the two-transistor astable has long been described as 'the basic' form of astable 

because it was the most widely used . It had many advantages and was appropriate to discrete circuit 

design. It is far from basic in the sense of embodying the operating principles in the simplest and 

most clearly understood form - it depends in a complex way on the input and output characteristics 

of the transistors . The 555 and its close relations are more attractive candidates for the title of 'basic' 

because operation is best expla'ined in terms of idealized amplifiers and flip-flops. The same risk 

attaches to the claim, viz . that wide usage may trigger the mental reaction that this class of circuits is 

of greater theoretical and fundamental importance. The next generation of i.cs may produce circuits 

that are both simpler to use and understand, and the concentration on the 555 is justifiable because 

it offers the best combination available at present of low cost, convenience and flexibility, and sound 

operating principles. The most widely used astable configuration has the open-collector switch 

connected to a tapping on the charging path . With the switch open the capacitor charges through 

RA + R8 ; with it closed the capacitor discharges through R8 . This gives time constants that are very 

different for RA»R 8 and almost equal tor R8 »RA. 

In the previous circuit, RA may be used to charge the capacitor, while R8 may be placed in series 

with the switch to achieve a very rapid discharge if R8 <&RA. Comparison with the unijunction 

transistor and its circuits, described later, shows that the behaviour is then very similar. It is often 

desirable to have independent control of the two time constants . The placing of the thresholds at VI 3 

and 2V I 3 then translates equal time constants into equal mark and space. Alternatively only one 

time constant at a time need be varied if it is desired to produce , say , a pulse train of constant width 

but variable frequency. One method of achieving this uses diodes to isolate the resistors. When the 

switch is open DA conducts and D8 is reverse biased . Hence R8 has no effect and the charging time 

constant depends only on RA . When the switch is closed D 8 conducts, bringing R8 into the 

time-constant, while DAis reverse-biased and RA is grounded . The diodes introduce small departures 

~rom the simple theory; the frequency of oscillation becomes more supply and temperature­

dependent but the errors are small except at low supply voltages. The circuit is again equivalent to 

connecting the capacitor successively to two different resistors connected to the supply and ground 

lines. 

Another desirable property of an astable is that its mark-space ratio be variable with no change in 

the frequency. A modification of the previous circuit allows this in a way that has application to 

numerous other astable circuits . If the locations of R8 and D 8 are interchanged there is no change in 

performance, since they comprise a simple series sub-section . Then R8 and RA can form a single 

potential divider, the tap on which represents the junction of RA and R8 . It this tapping point is varied 

then the individual time const~mts are varied in opposite senses. Since 'T and the time taken to charge 

between the thresholds are related by the same factor in this c ircuit because of the symmetrical 

disposition of the threshold voltages, it follows that the wavefor~ period and frequency are constant. 

The ratio RA R8 may vary but the sum is constant, and the period depends on the sum . Again 

second-order effects result in some change in frequency, especially at extreme ratios. The principle 

can be extended to other astables where two resi5tors separately determine the two parts of the cycle, 

and where they have a common point. 
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Schmitt-type astable circuits 

THEORY 

e The RC network is returned to the output which ~wi~ches between V 
and V8 with A 

VA~(V • ...:..1)V 
V 8~0 

For the positive-going part of the cycle, 

V1 =VA-V.f3 
V2=VA-2V~/3 

[ 
VA-V /3 ] ' ' 

t+ =t2-t1 =Tiog. • where T= RC 
VA-2V.J3 

1

2v._ 1 
Tlog. -

3
--­
V5/3 

For the negative-going part of the cycle 

t =TID . f -2VJ3] 
- gi -VJ3 

=Tiog.2 

Thus for v. > > 3, the period T is given by 

~2Tiog.2 

T~1.38T 

e The o~. amp is ~ssum~d to be operated from the same total supply 

vol_tag.e, 1.e . from :tV.{2 and is assumed to have an output capable of 

swmgmg between these limits. With the chosen resistors the thresholds 
are :t(Vs/2)X 1/3 

i.e. ±V./6 
. · . for positive-going ramp 

t =t -t =TI [ V.f 2-(-V.f6)]. 
+ 21 og. V/2-V/6 

s s 

[ 
4/6] =Tiog -- =Tiog 2 

e 2/6 e 

Similarly t_ =Tiog.2 leading to the same period and frequency as for the 
comparator flip-flop based circuit. . 

e Switch open : 'T 1 = (RA + R8)C 

=0.69T1 

Switch closed: 

=0 69T2 

Period=0 .69(T+ T2) 
For R8 >>RA then T 1 ~T2 
For RA> >R8 then 'T1 > >T2 and time constants depend mainly on R and 
R8 respectively . A 

eForthiscase 'T1=RAC 
T2=RaC 

i.e. independent control over the two parts of the cycle 

e Again T1 =RAC 
T2=RsC 

i.e. period=0 .69C (RA + R6 ) 

But RA + R8 = R =constant. hence period and frequency are constant but 
the mark-space ratio is controlled by the ratio RA 1 R8 . 

EXAMPLES 
·1. The output of a 55.5 i.e. switches to 0 and to (V.-1 )V when the input 

falls below V./3 and nses 2V.I3 respectively. An RC network feeds back 

from. the ou.tput to the input as shown opposite with R= 1 MO . What value 

of~ IS requ1red for a frequency of 1 Hz if V5 
= 1 2V? What is the mark-space 

rat1o of the output rectangular waveform? 

Fo~ the . positive going part of the cycle, the initial voltage across the 
res1stor IS V1 = (V.-1 ).....:.V./3 and the final voltage is V 2 = (V

5
.L 1 )-'--2V.I 3 

V1=7V 
V2 =3V 

. t -t - I VL 7 · · +- 2 -t,-T og.--Tiog-
V2 "3 

=0.847'T 
Similarly for the negative going portion 

V1'=0-2V
5
/3=-8 

V2 '=0- VJ3=-4 

t t I I I ( -8) 8 _= 2 -t 1 =Tog • . -.--
4 

=Tiog.4 
=0.693T 

.' . Period =(0.84 7 + 0 .693)1' 
=1.54T. 

Butf=1Hz, T=1s 
.'.T=0 .649s 
.'.C=0.649._.F 

M k . f . 0.847 
ar -space rat1o o output square wave 1s - .--= 1.22 . 

. 0.693 --

2. The standing timing . circuit of a 555 i .e. has the capacitor charged 

through a series pair of resistors RA, R8 with the junction shorted to ground 

when the upper threshold 2V.J3 is exceeded, and open-circuited when 

the lower threshold V5 I 3 is reached . Choose values of RA, R8 that produce 

an output with a repetition frequency of 1kHz and with a mark-space ratio 

of 3 :1. The current in the capacitor should not fall below 5 11 A to minimize 

the loading effect of the device input currents. Supply voltage = + 1 5V. i 

The positive-going interval has 
V1 = 2V.f3 
V 2 =V5 /3 

and T+ =(RA+R 8 )C 
v 

t+=t 2-t 1 =T+Iog.-1 
v2 

=0.69(RA + R8 )C 

Similarly for the negative-going interval 

V1'=-2V 5 t 3 

v 2 '=-V2 /3 
T_=R 8 C 
t_=0.69R 8 C 

!±.=3 
t 

.'.RA+R 8 =3R 8 

RA = 2RB 
= 

T= 1 /f= 1 o-3s=t+ +t_ 
=0.69(RA + 2R 8 )C 

(RA + 2R 8)C = 1 .45 X 1Q-3 

v.;3 ::::;.5 1o-s 
(RA +As,_. . 

Solving these, from equation 3, RA + R8 = 1 MO 
Thereforefromequation 1 RA=0 .69MO. 680k0 preferred 

From equation 2 

R8 =0.33MO. 330k0 preferred 

c 1 .45 1Q-3 

1.33 106 

C= 1 .09nF 

2 

3 
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Schmitt-type astable circuits 
by Peter Williams Ph.D, Paisley College of Technology 

ASTABLE -SCHMITT EO/II VALENT 

'!::. ~2 OP. AMP. ASTABLE 

STANDAR-D 555 77MIN6 C!RC/1/T 

VA.eiABLc 

't"t = ~c 
( I 

YV\ 

MARK -5PAcc. RA11o 

'6A = l?_a CJ 
.. B • ~<e,c 

roR t4 = /c ~ 

t 8 = k r8 

~ + ts = ({'ZA-~" 6s) 

= kc C~,. Rtl) 

The success of the comparators/flip-flop configuration in duplicating the behaviour of a Schmitt 

trigger suggests that it can be applied to all the other functions normally using a Schmitt. A good 

example is that of the op .-amp. astable, and the two forms are shown for comparison. The Q output of 

the flip-flop is returned via a resistor to charge the capacitor. The thresholds are V 5 I 3 and 2V 5 /3, the 

, capacitor charging and discharging between these limits . The time constant is the same for the two 

parts of the cycle but, since the output voltage does not necessarily swing to 0 and V 5 , the charge and 

discharge times will differ. It is to avoid this uncontrolled error that the open-collector output is 

provided in the 555 form; this allows better definition in the voltage swing. However, the 555 does 

function in the form shown, releasing the open-collector output for other functions if required, e.g. as 

a chopper, firing thyristors etc. The 55 5 can also be used with dual polarity supplies if desired, giving 

bipolar outputs, but the d.c. offset cannot be guaranteed since it depends on the matching of the 

three internal resistors. 

In the simplest form to analyse, the output voltage switches between equal positiVe and negative 

values. These can be ±V/2 for op .-amps . having c .m .o .s. output stages (e.g. CA3130). 

Alternatively, breakdown diodes may be used to clip less well-defined outputs to lower but more 

accurate values . The values chosen resu It in switching levels of ±VI 6 with a hysteresis of VI 3 or 

one-third of the total supply. This is identical with that for a standard 5 55 and is a good compromise 

between excessive common-mode swings and offset difficulties at lower levels. The bridge 

configuration is discussed later in connection with a general classification of astable circuits using a 

single capacitor. Capacitor waveform cannot be fed directly to a load without both the waveform and 

the frequency being affected. The square wave can be used, since it appears at the op.-amp . output. 

Even if the load reduces the output, it need have little effect on the frequency, since both the 

thresholds and charging voltages remain proportional, i.e . the rate-of-change of capacitor voltage' 

varies with the voltage excursions required tor switching, and the times between switching points 

should be comparable. 

A cautionary note: the two-transistor astable has long been described as 'the basic' form of astable 

because it was the most widely used . It had many advantages and was appropriate to discrete circuit 

design. It is far from basic in the sense of embodying the operating principles in the simplest and 

most clearly understood form - it depends in a complex way on the input and output characteristics 

of the transistors . The 555 and its close relations are more attractive candidates for the title of 'basic' 

because operation is best expla'ined in terms of idealized amplifiers and flip-flops. The same risk 

attaches to the claim, viz . that wide usage may trigger the mental reaction that this class of circuits is 

of greater theoretical and fundamental importance. The next generation of i.cs may produce circuits 

that are both simpler to use and understand, and the concentration on the 555 is justifiable because 

it offers the best combination available at present of low cost, convenience and flexibility, and sound 

operating principles. The most widely used astable configuration has the open-collector switch 

connected to a tapping on the charging path . With the switch open the capacitor charges through 

RA + R8 ; with it closed the capacitor discharges through R8 . This gives time constants that are very 

different for RA»R 8 and almost equal tor R8 »RA. 

In the previous circuit, RA may be used to charge the capacitor, while R8 may be placed in series 

with the switch to achieve a very rapid discharge if R8 <&RA. Comparison with the unijunction 

transistor and its circuits, described later, shows that the behaviour is then very similar. It is often 

desirable to have independent control of the two time constants . The placing of the thresholds at VI 3 

and 2V I 3 then translates equal time constants into equal mark and space. Alternatively only one 

time constant at a time need be varied if it is desired to produce , say , a pulse train of constant width 

but variable frequency. One method of achieving this uses diodes to isolate the resistors. When the 

switch is open DA conducts and D8 is reverse biased . Hence R8 has no effect and the charging time 

constant depends only on RA . When the switch is closed D 8 conducts, bringing R8 into the 

time-constant, while DAis reverse-biased and RA is grounded . The diodes introduce small departures 

~rom the simple theory; the frequency of oscillation becomes more supply and temperature­

dependent but the errors are small except at low supply voltages. The circuit is again equivalent to 

connecting the capacitor successively to two different resistors connected to the supply and ground 

lines. 

Another desirable property of an astable is that its mark-space ratio be variable with no change in 

the frequency. A modification of the previous circuit allows this in a way that has application to 

numerous other astable circuits . If the locations of R8 and D 8 are interchanged there is no change in 

performance, since they comprise a simple series sub-section . Then R8 and RA can form a single 

potential divider, the tap on which represents the junction of RA and R8 . It this tapping point is varied 

then the individual time const~mts are varied in opposite senses. Since 'T and the time taken to charge 

between the thresholds are related by the same factor in this c ircuit because of the symmetrical 

disposition of the threshold voltages, it follows that the wavefor~ period and frequency are constant. 

The ratio RA R8 may vary but the sum is constant, and the period depends on the sum . Again 

second-order effects result in some change in frequency, especially at extreme ratios. The principle 

can be extended to other astables where two resi5tors separately determine the two parts of the cycle, 

and where they have a common point. 
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Schmitt-type astable circuits 

THEORY 

e The RC network is returned to the output which ~wi~ches between V 
and V8 with A 

VA~(V • ...:..1)V 
V 8~0 

For the positive-going part of the cycle, 

V1 =VA-V.f3 
V2=VA-2V~/3 

[ 
VA-V /3 ] ' ' 

t+ =t2-t1 =Tiog. • where T= RC 
VA-2V.J3 

1

2v._ 1 
Tlog. -

3
--­
V5/3 

For the negative-going part of the cycle 

t =TID . f -2VJ3] 
- gi -VJ3 

=Tiog.2 

Thus for v. > > 3, the period T is given by 

~2Tiog.2 

T~1.38T 

e The o~. amp is ~ssum~d to be operated from the same total supply 

vol_tag.e, 1.e . from :tV.{2 and is assumed to have an output capable of 

swmgmg between these limits. With the chosen resistors the thresholds 
are :t(Vs/2)X 1/3 

i.e. ±V./6 
. · . for positive-going ramp 

t =t -t =TI [ V.f 2-(-V.f6)]. 
+ 21 og. V/2-V/6 

s s 

[ 
4/6] =Tiog -- =Tiog 2 

e 2/6 e 

Similarly t_ =Tiog.2 leading to the same period and frequency as for the 
comparator flip-flop based circuit. . 

e Switch open : 'T 1 = (RA + R8)C 

=0.69T1 

Switch closed: 

=0 69T2 

Period=0 .69(T+ T2) 
For R8 >>RA then T 1 ~T2 
For RA> >R8 then 'T1 > >T2 and time constants depend mainly on R and 
R8 respectively . A 

eForthiscase 'T1=RAC 
T2=RaC 

i.e. independent control over the two parts of the cycle 

e Again T1 =RAC 
T2=RsC 

i.e. period=0 .69C (RA + R6 ) 

But RA + R8 = R =constant. hence period and frequency are constant but 
the mark-space ratio is controlled by the ratio RA 1 R8 . 

EXAMPLES 
·1. The output of a 55.5 i.e. switches to 0 and to (V.-1 )V when the input 

falls below V./3 and nses 2V.I3 respectively. An RC network feeds back 

from. the ou.tput to the input as shown opposite with R= 1 MO . What value 

of~ IS requ1red for a frequency of 1 Hz if V5 
= 1 2V? What is the mark-space 

rat1o of the output rectangular waveform? 

Fo~ the . positive going part of the cycle, the initial voltage across the 
res1stor IS V1 = (V.-1 ).....:.V./3 and the final voltage is V 2 = (V

5
.L 1 )-'--2V.I 3 

V1=7V 
V2 =3V 

. t -t - I VL 7 · · +- 2 -t,-T og.--Tiog-
V2 "3 

=0.847'T 
Similarly for the negative going portion 

V1'=0-2V
5
/3=-8 

V2 '=0- VJ3=-4 

t t I I I ( -8) 8 _= 2 -t 1 =Tog • . -.--
4 

=Tiog.4 
=0.693T 

.' . Period =(0.84 7 + 0 .693)1' 
=1.54T. 

Butf=1Hz, T=1s 
.'.T=0 .649s 
.'.C=0.649._.F 

M k . f . 0.847 
ar -space rat1o o output square wave 1s - .--= 1.22 . 

. 0.693 --

2. The standing timing . circuit of a 555 i .e. has the capacitor charged 

through a series pair of resistors RA, R8 with the junction shorted to ground 

when the upper threshold 2V.J3 is exceeded, and open-circuited when 

the lower threshold V5 I 3 is reached . Choose values of RA, R8 that produce 

an output with a repetition frequency of 1kHz and with a mark-space ratio 

of 3 :1. The current in the capacitor should not fall below 5 11 A to minimize 

the loading effect of the device input currents. Supply voltage = + 1 5V. i 

The positive-going interval has 
V1 = 2V.f3 
V 2 =V5 /3 

and T+ =(RA+R 8 )C 
v 

t+=t 2-t 1 =T+Iog.-1 
v2 

=0.69(RA + R8 )C 

Similarly for the negative-going interval 

V1'=-2V 5 t 3 

v 2 '=-V2 /3 
T_=R 8 C 
t_=0.69R 8 C 

!±.=3 
t 

.'.RA+R 8 =3R 8 

RA = 2RB 
= 

T= 1 /f= 1 o-3s=t+ +t_ 
=0.69(RA + 2R 8 )C 

(RA + 2R 8)C = 1 .45 X 1Q-3 

v.;3 ::::;.5 1o-s 
(RA +As,_. . 

Solving these, from equation 3, RA + R8 = 1 MO 
Thereforefromequation 1 RA=0 .69MO. 680k0 preferred 

From equation 2 

R8 =0.33MO. 330k0 preferred 

c 1 .45 1Q-3 

1.33 106 

C= 1 .09nF 

2 

3 
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SSB FOR MOBILE 
RADIO 
Your correspondent S. Walding (August 
issue) is correct in his comments on the 
difficu1•ies of making a 300Hz wide quartz 

: crystal filter capable of meeting the mobile 
radio needs of good performance over a wide 
temperature range at a low cost. 

What we, and the other workers in the field, 
at the University of Bath and at Stanford 
University in the USA, have demonstrated is 
the viability of s.s.b. as a form of modulation 
for mobile radio. We have used the minimum 
circuit design effort necessary to reach this 
objective. · 

We are not advocating only pilot carrier, 
but any form of pilot signal which provides a 
useful a.f.c. and a.g.c. All of the systems 
proposed, pilot carrier, tone in band and tone 
above band have potentially low cost solu­
tions with good performance. 
J. S. Palfreeman 
Philips Research Laboratories 
Redhill 
Surrey 

MILITARY ELECTRONICS 
I feel that Mr Johnson's letter (Aug~st issue) 
rather misses the point. It is one thing to 
produce weapons in order to deter Russian 
aggression, but it is quite another to sell 
weapons to other countri~s for purely com­
mercial reasons. 

Advanced weapons can be used to cause 
appalling suffering to innocent civilians (or 
equaUy innocent conscripted soldiers), and 
those who earn their living in this way are no 
less guilty than those who used to earn their 
living from the slave trade. I wonder how' 
many vile regimes are in power today solely 
because of the weapons which we sell them. 

Furthermore, the only reason to produce 
weapons for Western use is to deter the 
Russians until they develop a more peaceful 
style of government. If ever these weapons 
are used. we all lose. Is it not therefore highly 
dangerous to let so many companies depend 
on the arms trade? If ever we succeed in 
deterring the Russians and are able to sign a 
comprehensive disarmament treaty a very 
large number of people will become unem­
ployed. 
D. Bailey 
Manchester 

CITIZENS' BAND 
ON 27MHz 
In July letters Mr A Blackmore seemed to 
want the UK to follow other European 
countries into allowing a 27MHz amplitude 
modulation citizens' radio service. 

I am not connected in any way with any 
electronics manufacturing but do not want 
to see such frequencies used for c. b. 
1. Existing users of those frequencies around 
27MHz are already experiencing severe in­
terference to their licensed equipment by c. b. 
sets operating in close vicinity. Users include. 
medical and business paging systems and 
model control enthusiasts. Proponents of a 
27MHz c.b. service must realise that there are 
already many thousands of legitimate users 
in that part of the e-m spectrum and that c.b. 

has not the right to plop . down on channels 
being already used. · 
2. Interference from 27MHz c. b. equipment is . 
increasing due to insufficient harmonic 
filtering in most equipment and the use of 
'burners' to boost power output. All 
amplifiers have non-linear characteristics, 
and 27MHz amplifiers produce outputs on 
54MHz, 81MHz, 104MHz etc. Essential life 
saving and police services .are at risk from 
users aware or unaware of the poor 
spurious/harmonic radiation of their equip­
ment. A deluge of 27MHz a.m. type equip­
ment would result in chaotic interference to 
v.h.f. services. 
3. Skip interference so prevalent in the 
27MHz region will mean that use of low 
power equipment or equipment in remote 
areas will result in calls going unheard. It 
would be no use to be stuck with an inef­
ficient 1-watt 27MHz c.b. on a dangerous 
mountainside if you were competing with 
skip and 100-watt 'burners'. At least with 
v.h.f. there would be a chance of being heard 
on an emergency channel at distances 
ranging from 10 miles upwards. 

No, no, no to useless 27MHz a.m. citizens' 
band! V .h.f. is a must. 
Des Walsh, E15CD 
Carrick on Suir 
Co Tipperary 
Republic of Ireland 

DI SPLACEMENT 
CURRENT 
In your December 1978 issue, Catt, Davidson 
and Walton purport to show that Maxwell's 
concept of displacement current is incorrect 
and their "true" model, which replaees a 
capacitor by a collection of pie-shaped 
transmission-lines, is correct. They argue 
that this dispenses with the need for dis­
placement current, and g6 on to say: "Since 
any capacitor has now become a transm-is­
sion line, it is no more necessary to postulate 
displacement current in a capacitor than it is 
necessary to do so for a transmission line." 
Unfortunately, it is necessary to do so for a 
transmission line, or have they forgotten 
Kelvin's (1873) original equation: 

_di =GV+ cedv we t 

G being leakance and C the capacitance per 
unit length. The second term on the r.h.s. of 
this equation is the displacement current. 

What they have done in their subsequent 
algebra is to show that the transmission line 
approach and the lumped capacitance 
approach agree very closely. In no sense have 
they dealt with the topic indicated in their 
title: "Displacement current - and how to 
get rid of it." It looks as if Maxwell's equa­
tions may be right after all! 
E. P. George (Professor) 
University of N~ South Wales 
Sydney, Australia 
Reference 
Lord Kelvin, Soc. Tel. Eng. Joum. I (1873), · 
397. 

The authors reply: 
Professor E. P. George's letter raises some 
interesting points: 
1. The reference to the Kelvin model of the 
transmission line is irrelevant and mis-
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leading. It is irrelevant because the point he is 
making could have been made by reference 
to the equation for a charging capacitor, 

i=CdV 
dt 

In this equation one could say that the right 
hand side 'is' the displacement current, 
which it is in Maxwell's theory by definition, 
but not in ours. It is misleading to introduce 
the Kelvin model since, as was shown by 
Oliver Heaviside, the Kelvin model is incom­
plete· since it does not take account of effects 
due to the distributed inductance of the line. 
2. What we have been proposing is that 
Maxwell's theory is 'inside out,' since it 
employs E and Hand, in circuit theory, l~ads 
to the concepts C and L. In our theory the; 
travelling E, H signal is the primitive and the 
transmission line the basic circuit element. 
Insofar as this change of viewpoint leads to 
Maxwell's equations then we would consider 
them to be correct. ·In this sense therefore 
Professor George's statement "It looks as if 
Maxwell's equations may be right after all" is 
correct at that level. 

To show how Maxwell's equations relate 
to our view would require more space than is 
proper for a note of this sort-but we hope that 
our further article in the March issue will 
have helped with this point 
r. catt, M. F.' Davidson, D . s. Walton 

STEREO 
TOGETHERN ESS? 
The death of Mr Airey Neave reminds me 
that some years ago he was on Sub­
Committee D of the Select Committee on 
Science and Technology, if memory serves. I 
had not then learnt properly about the 
Government attitude to ·science and techno- . 
logy so well defined in Miss A. M. Clerke's 
article on Charles Babbage in the Dictionary 
of National Biography, which so ably shows 
HMG setting statistics and computer science 
simultaneously back 50-100 years for lack of 
a few thousand pounds, while withholding an 
answer to a letter for eight years, in the 1830s. 

In my ignorance I suggested to Mr Neave a 
primitive idea from the plane on which I 
function . This was that f .m. portable 
receivers should bear a stereo decoder and 
switch to enable the user to listen to mono or 
to left or right channel only. The result would 
be that on meeting socially a person with a 
similarly equipped radio, albeit of a different 
size and make, the two could combine to 
listen in stereo. The idea is a little cumber­
some, but so is the idea of setting up a rig like 
the Sanyo G2600 'casseiver' when you take 
coffee at an open-air cafe, this being one with 
speakers in detachable half-lids. I do not 
decry the large, portable 'casseiver' as one 
composer of my acquaintance is well content 
to use one without spaced external 
microphones, but with the analogue circuitry 
of my youth effortlessly absorbed into the 
black hole which the national press so insis­
tently describes as the "silicone chip" (an 
amorphous semiconductor perhaps?) my 
suggestion could be absorbed into radio 
production without a second thought, and 
suitable tv commercials would suggest 
themselves automatically. The late Mr Neav& 
may well have expended considerable effort 
in the idea at the time, but I now feel it is a 
good idea for 1979. 
Bernard Jones 
London Wl 
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Microcomputer interfaces - ·2 
by lan H . Witten, M.A., M.Sc., Ph.D., M.I.E.E. 

Department of Electrical Engineering Science, University of Essex 

The first part o.f this article, in the 
September issue, dealt with parallel 
inputs and outputs of a microcomputer, 
introducing serial communication with 
remote devices. In this part the author 
goes on to examine the interface devices 
needed for the serial mode of operation 
and brings in the concept of direct 
memory access. 

Parallel-to-serial and serial-to-paraliel 
. conversion is accomplished by a device 
called a u.a.r.t. - universal asynchro­
nous receiver/transmitter. The block 
.diagram of Fig. 10 shows that the u.a.r.t. 
is divided into two subsystems, the 
transmitter and the receiver. The trans~ 
mitter accepts eight parallel data bits 
together with five parallel control bits. 
After they have been latched in the 
parallel register, the data bits are trans­
·ferred t'o . the transmitter shift register 
and shifted out one by one to the serial 
output. The control bits select some of 
the options which were discussed ear­
lier in the section on serial devices. The 
data rate is determined by the trans­
mitter clock. 

The receiver subsystem is the comp­
lement of the transmitter. Bits from the 
serial line are shifted in to the receiver 
shift register. 'When the data word is 
·complete, ·the format is checked for 
parity errors and framing errors (stop 
bits not encountered when expected), 
and the word is transferred in parallel to 
the holding register. "Data available" 
shows that a new word has been 
received, and "read data word" read~ it 
out of the device. If the latter has not 
been asserted by the time the next word 
is received, the previous word is lost 
when the new one is transferred to the 
holding register. In this case the "over­
run error" bit is set. 

The u.a.r.t. as described makes a per­
fectly good serial/parallel converter for 
microcomputer use. However, with its 
plethora of inputs and outputs, it is not 
particularly convenient for interfacing 
to ·tneous~SpedaJ u~ a.r. ts, often called 
a.c.i.as (asynchronous communica­
.tions interface adaptor), are manufac­
tured specifically for microcomputer 
use. \Vith these, the control and status 
information is addressed as a single 
word, with a read from it returning the 
status information and a write setting 
the control bits. The "transmission 
done" signal is included as a status bit, 
and some interrupt facilities added. 

even,6dd parity--------.,. 
1/.?stop bits------

no parity------.. 

5/q/7/8 bits per character{ 

load control word 

dcita rate clock 

data rate clock 

serial in 

read status word 

parity error--~ 
framing error +---.....J 

over-run error +o----.....J 

Fig. 10. Block diagram of universal 
asynchronous receiver I transmitter. 

store i.o.2 

'Fig. H. Bus-centred computer model 

address 

data 

contro l 

DMA interface-
address r egister 

data register 

word count 

analog ue input 

data 

Fig. 12. A-to-d converter with direct · 
memory access interface. 

rece iver 
data bits 

load transmitter 
data 

serial out 

read data word· 

data ready RECEIVER 

Similarly, the transmitter and receiver 
data are combined into the same reg­
ister as far as the bus is concerned. All 
outputs will, of · course, be tri-state so 
that they can be connected directly to 
the bus. 

Direct memory access 
So far, we have said very little about the 
role of the bus in interfacing. The reason 
for this is simply that connecting to the 
bus is easy: the"tricky part of the inter­
face is that which connects with the 
outside world, be it the world of light 
(l.e.d. interfaces), analogue electronics 
(d/a and a/d interfaces), serial data 
transmission (a.c.i.as), smells, car en­
gines, or whatever. In fact all the inter­
faces we have considered are converted 
to the bus in the same way as the simple 
output port of Fig. 6. In terms of the bus 
of Fig. 11 , the communication is be­
tween an input! output device and the 
processor, with the processor acting as 
bus master. 

However, one of the reasons for using 
a bus in the first place is to allow 
possibilities for direct communication 
between devices other than the proces­
sor, particularly between peripheral 
devices and the store. This is called 
d.m.a. (direct memory access) com­
munication, and to accomplish it the 
device interface must take over bus 
mastership, temporarily, from the pro-
cessor. ~ 

Figure 12 shows an a/d converter 
with a d.m.a. interface. At each clock 
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LETTERS continued from page 73 

SSB FOR MOBILE 
RADIO 
Your correspondent S. Walding (August 
issue) is correct in his comments on the 
difficu1•ies of making a 300Hz wide quartz 

: crystal filter capable of meeting the mobile 
radio needs of good performance over a wide 
temperature range at a low cost. 

What we, and the other workers in the field, 
at the University of Bath and at Stanford 
University in the USA, have demonstrated is 
the viability of s.s.b. as a form of modulation 
for mobile radio. We have used the minimum 
circuit design effort necessary to reach this 
objective. · 

We are not advocating only pilot carrier, 
but any form of pilot signal which provides a 
useful a.f.c. and a.g.c. All of the systems 
proposed, pilot carrier, tone in band and tone 
above band have potentially low cost solu­
tions with good performance. 
J. S. Palfreeman 
Philips Research Laboratories 
Redhill 
Surrey 

MILITARY ELECTRONICS 
I feel that Mr Johnson's letter (Aug~st issue) 
rather misses the point. It is one thing to 
produce weapons in order to deter Russian 
aggression, but it is quite another to sell 
weapons to other countri~s for purely com­
mercial reasons. 

Advanced weapons can be used to cause 
appalling suffering to innocent civilians (or 
equaUy innocent conscripted soldiers), and 
those who earn their living in this way are no 
less guilty than those who used to earn their 
living from the slave trade. I wonder how' 
many vile regimes are in power today solely 
because of the weapons which we sell them. 

Furthermore, the only reason to produce 
weapons for Western use is to deter the 
Russians until they develop a more peaceful 
style of government. If ever these weapons 
are used. we all lose. Is it not therefore highly 
dangerous to let so many companies depend 
on the arms trade? If ever we succeed in 
deterring the Russians and are able to sign a 
comprehensive disarmament treaty a very 
large number of people will become unem­
ployed. 
D. Bailey 
Manchester 

CITIZENS' BAND 
ON 27MHz 
In July letters Mr A Blackmore seemed to 
want the UK to follow other European 
countries into allowing a 27MHz amplitude 
modulation citizens' radio service. 

I am not connected in any way with any 
electronics manufacturing but do not want 
to see such frequencies used for c. b. 
1. Existing users of those frequencies around 
27MHz are already experiencing severe in­
terference to their licensed equipment by c. b. 
sets operating in close vicinity. Users include. 
medical and business paging systems and 
model control enthusiasts. Proponents of a 
27MHz c.b. service must realise that there are 
already many thousands of legitimate users 
in that part of the e-m spectrum and that c.b. 

has not the right to plop . down on channels 
being already used. · 
2. Interference from 27MHz c. b. equipment is . 
increasing due to insufficient harmonic 
filtering in most equipment and the use of 
'burners' to boost power output. All 
amplifiers have non-linear characteristics, 
and 27MHz amplifiers produce outputs on 
54MHz, 81MHz, 104MHz etc. Essential life 
saving and police services .are at risk from 
users aware or unaware of the poor 
spurious/harmonic radiation of their equip­
ment. A deluge of 27MHz a.m. type equip­
ment would result in chaotic interference to 
v.h.f. services. 
3. Skip interference so prevalent in the 
27MHz region will mean that use of low 
power equipment or equipment in remote 
areas will result in calls going unheard. It 
would be no use to be stuck with an inef­
ficient 1-watt 27MHz c.b. on a dangerous 
mountainside if you were competing with 
skip and 100-watt 'burners'. At least with 
v.h.f. there would be a chance of being heard 
on an emergency channel at distances 
ranging from 10 miles upwards. 

No, no, no to useless 27MHz a.m. citizens' 
band! V .h.f. is a must. 
Des Walsh, E15CD 
Carrick on Suir 
Co Tipperary 
Republic of Ireland 

DI SPLACEMENT 
CURRENT 
In your December 1978 issue, Catt, Davidson 
and Walton purport to show that Maxwell's 
concept of displacement current is incorrect 
and their "true" model, which replaees a 
capacitor by a collection of pie-shaped 
transmission-lines, is correct. They argue 
that this dispenses with the need for dis­
placement current, and g6 on to say: "Since 
any capacitor has now become a transm-is­
sion line, it is no more necessary to postulate 
displacement current in a capacitor than it is 
necessary to do so for a transmission line." 
Unfortunately, it is necessary to do so for a 
transmission line, or have they forgotten 
Kelvin's (1873) original equation: 

_di =GV+ cedv we t 

G being leakance and C the capacitance per 
unit length. The second term on the r.h.s. of 
this equation is the displacement current. 

What they have done in their subsequent 
algebra is to show that the transmission line 
approach and the lumped capacitance 
approach agree very closely. In no sense have 
they dealt with the topic indicated in their 
title: "Displacement current - and how to 
get rid of it." It looks as if Maxwell's equa­
tions may be right after all! 
E. P. George (Professor) 
University of N~ South Wales 
Sydney, Australia 
Reference 
Lord Kelvin, Soc. Tel. Eng. Joum. I (1873), · 
397. 

The authors reply: 
Professor E. P. George's letter raises some 
interesting points: 
1. The reference to the Kelvin model of the 
transmission line is irrelevant and mis-
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leading. It is irrelevant because the point he is 
making could have been made by reference 
to the equation for a charging capacitor, 

i=CdV 
dt 

In this equation one could say that the right 
hand side 'is' the displacement current, 
which it is in Maxwell's theory by definition, 
but not in ours. It is misleading to introduce 
the Kelvin model since, as was shown by 
Oliver Heaviside, the Kelvin model is incom­
plete· since it does not take account of effects 
due to the distributed inductance of the line. 
2. What we have been proposing is that 
Maxwell's theory is 'inside out,' since it 
employs E and Hand, in circuit theory, l~ads 
to the concepts C and L. In our theory the; 
travelling E, H signal is the primitive and the 
transmission line the basic circuit element. 
Insofar as this change of viewpoint leads to 
Maxwell's equations then we would consider 
them to be correct. ·In this sense therefore 
Professor George's statement "It looks as if 
Maxwell's equations may be right after all" is 
correct at that level. 

To show how Maxwell's equations relate 
to our view would require more space than is 
proper for a note of this sort-but we hope that 
our further article in the March issue will 
have helped with this point 
r. catt, M. F.' Davidson, D . s. Walton 

STEREO 
TOGETHERN ESS? 
The death of Mr Airey Neave reminds me 
that some years ago he was on Sub­
Committee D of the Select Committee on 
Science and Technology, if memory serves. I 
had not then learnt properly about the 
Government attitude to ·science and techno- . 
logy so well defined in Miss A. M. Clerke's 
article on Charles Babbage in the Dictionary 
of National Biography, which so ably shows 
HMG setting statistics and computer science 
simultaneously back 50-100 years for lack of 
a few thousand pounds, while withholding an 
answer to a letter for eight years, in the 1830s. 

In my ignorance I suggested to Mr Neave a 
primitive idea from the plane on which I 
function . This was that f .m. portable 
receivers should bear a stereo decoder and 
switch to enable the user to listen to mono or 
to left or right channel only. The result would 
be that on meeting socially a person with a 
similarly equipped radio, albeit of a different 
size and make, the two could combine to 
listen in stereo. The idea is a little cumber­
some, but so is the idea of setting up a rig like 
the Sanyo G2600 'casseiver' when you take 
coffee at an open-air cafe, this being one with 
speakers in detachable half-lids. I do not 
decry the large, portable 'casseiver' as one 
composer of my acquaintance is well content 
to use one without spaced external 
microphones, but with the analogue circuitry 
of my youth effortlessly absorbed into the 
black hole which the national press so insis­
tently describes as the "silicone chip" (an 
amorphous semiconductor perhaps?) my 
suggestion could be absorbed into radio 
production without a second thought, and 
suitable tv commercials would suggest 
themselves automatically. The late Mr Neav& 
may well have expended considerable effort 
in the idea at the time, but I now feel it is a 
good idea for 1979. 
Bernard Jones 
London Wl 

WIRELESS WORLD, OCTOBER 1979 77 

Microcomputer interfaces - ·2 
by lan H . Witten, M.A., M.Sc., Ph.D., M.I.E.E. 

Department of Electrical Engineering Science, University of Essex 

The first part o.f this article, in the 
September issue, dealt with parallel 
inputs and outputs of a microcomputer, 
introducing serial communication with 
remote devices. In this part the author 
goes on to examine the interface devices 
needed for the serial mode of operation 
and brings in the concept of direct 
memory access. 

Parallel-to-serial and serial-to-paraliel 
. conversion is accomplished by a device 
called a u.a.r.t. - universal asynchro­
nous receiver/transmitter. The block 
.diagram of Fig. 10 shows that the u.a.r.t. 
is divided into two subsystems, the 
transmitter and the receiver. The trans~ 
mitter accepts eight parallel data bits 
together with five parallel control bits. 
After they have been latched in the 
parallel register, the data bits are trans­
·ferred t'o . the transmitter shift register 
and shifted out one by one to the serial 
output. The control bits select some of 
the options which were discussed ear­
lier in the section on serial devices. The 
data rate is determined by the trans­
mitter clock. 

The receiver subsystem is the comp­
lement of the transmitter. Bits from the 
serial line are shifted in to the receiver 
shift register. 'When the data word is 
·complete, ·the format is checked for 
parity errors and framing errors (stop 
bits not encountered when expected), 
and the word is transferred in parallel to 
the holding register. "Data available" 
shows that a new word has been 
received, and "read data word" read~ it 
out of the device. If the latter has not 
been asserted by the time the next word 
is received, the previous word is lost 
when the new one is transferred to the 
holding register. In this case the "over­
run error" bit is set. 

The u.a.r.t. as described makes a per­
fectly good serial/parallel converter for 
microcomputer use. However, with its 
plethora of inputs and outputs, it is not 
particularly convenient for interfacing 
to ·tneous~SpedaJ u~ a.r. ts, often called 
a.c.i.as (asynchronous communica­
.tions interface adaptor), are manufac­
tured specifically for microcomputer 
use. \Vith these, the control and status 
information is addressed as a single 
word, with a read from it returning the 
status information and a write setting 
the control bits. The "transmission 
done" signal is included as a status bit, 
and some interrupt facilities added. 

even,6dd parity--------.,. 
1/.?stop bits------

no parity------.. 

5/q/7/8 bits per character{ 

load control word 

dcita rate clock 

data rate clock 

serial in 

read status word 

parity error--~ 
framing error +---.....J 

over-run error +o----.....J 

Fig. 10. Block diagram of universal 
asynchronous receiver I transmitter. 

store i.o.2 

'Fig. H. Bus-centred computer model 

address 

data 

contro l 

DMA interface-
address r egister 

data register 

word count 

analog ue input 

data 

Fig. 12. A-to-d converter with direct · 
memory access interface. 

rece iver 
data bits 

load transmitter 
data 

serial out 

read data word· 

data ready RECEIVER 

Similarly, the transmitter and receiver 
data are combined into the same reg­
ister as far as the bus is concerned. All 
outputs will, of · course, be tri-state so 
that they can be connected directly to 
the bus. 

Direct memory access 
So far, we have said very little about the 
role of the bus in interfacing. The reason 
for this is simply that connecting to the 
bus is easy: the"tricky part of the inter­
face is that which connects with the 
outside world, be it the world of light 
(l.e.d. interfaces), analogue electronics 
(d/a and a/d interfaces), serial data 
transmission (a.c.i.as), smells, car en­
gines, or whatever. In fact all the inter­
faces we have considered are converted 
to the bus in the same way as the simple 
output port of Fig. 6. In terms of the bus 
of Fig. 11 , the communication is be­
tween an input! output device and the 
processor, with the processor acting as 
bus master. 

However, one of the reasons for using 
a bus in the first place is to allow 
possibilities for direct communication 
between devices other than the proces­
sor, particularly between peripheral 
devices and the store. This is called 
d.m.a. (direct memory access) com­
munication, and to accomplish it the 
device interface must take over bus 
mastership, temporarily, from the pro-
cessor. ~ 

Figure 12 shows an a/d converter 
with a d.m.a. interface. At each clock 



78 

tick, the analogue voltage is converted 
to digital and passed to the interface. 
The task of the interface is to transfer 
the value to an appropriate place in 
store (i.e. to an appropriate bus ad­
dress). To do this, it contains an address 
register which holds the address where 
the next value is to be placed. The 
address register is incremented after 
each "write" operation, so that suc­
cessive values are stored in successive. 
store locations. If this goes on for ever, 
all of store (including any programs) 
would be over-written, and so there is a 
word count register in the interface 
which counts words to go, and the 
contents of this are decremented after 
each store operation. \Vhen it becomes 
zero, the transfers stop. Thus the task of 
the interface is to transmit a block of 
data from the a/d converter into store. 
The initial value of the word count 
governs the length of the block, while 
the initial value of the address register 
determines which store locations are 
used. 

Although the transfers proceed inde­
pendently of the processor, it sets the 
initial values of the address register and 
word count. Thus these registers have 
bus address, so that they are accessible 
to the processor as normal store loca­
tions. To initiate a d.m.a. operation, the 
processor writes appropriate values into 
the two registers. As soon as the word 
count is set non-zero, the interface steps 
into action, and thereafter the operation 
proceeds autonomously, without 
bothering the processor. There must, of 
course, be some way of signalling to the 
processor when the operation is fin­
ished. For example, it could find out for 
itself by reading the word count reg­
ister, and waiting until it becomes zero. 

\Vhile the word count is non-zero, the 
interface monitors the "conversion 
done" line from the a/d converter. 
\Vhen this is asserted, it transfers the 
a/d output into the data register and 
then proceeds to request bus master­
ship. As described in the article in 
Reference 1 (Fig. 22), this involves quite 
a complicated protocol, using the bus 
request, bus busy, and bus grant lines. 

Once mastership is granted, the in­
terface puts the contents of its address 
anq data registers onto the address and 
data bus, operates "read/write", and 
enters the handshaking sequence with 
the store by asserting "address valid". 
\Vhen handshaking is complete, it 
relinquishes the bus by releasing "bus 
busy" and the transfer is done. Now it 
decrements its local address register, 
decrements the word count register, 

· and if this is still non-zero begins the 
whole operation again. 

Computer subsystems can be divided 
into those that can initiate transfers on 
the bus and those that can't. The former 
will become bus master on occasion, 
while the latter will not and so can 
ignore the whole problem of bus con­
tention, including the bus request, bus 
busy, and bus grant lines. Simple 

input/output devices only respond to 
processor requests and so are of the 
second type, while to transfer data 
directly from an input/output device to 
the store the device must be able to 
handle the bus-mastership protocol. 

Another important distinction is be­
tween devices that use parallel data­
transmission and those that use serial 
transmission. In the former there are 
several wires (typically 8), one to carry 
each of the data bits. In the latter, only 
one wire is used and the data bits follow 
each other along it. Serial transmission · 
is used when · the path from the bus 
interface to the device itself is quite long 
and the device does not accept or 
generate data at a high rate (less than, 
say, 10000 or 20000 bits/s). Parallel 
transmission is used for fast devices, or 
for devices which reside physically close 
to the bus. A multitude of miscellaneous 
devices like lights and switches, a/d and 
d/a converters, are generally connected 
in parallel to interfaces, whereas serial 
transmission is usually used for 
character-oriented devices like v.d:us.' 

Driving lights is complicated by the 
problem of refresh. Although the data 
can be latched at the peripheral device, 
it is often cheaper if there are many 
lights to refresh them repeatedly from 
the processor to create an illusion of 
continuous illumination without 
latching. A loosely analogous problem 
with switches and keyboards is that of 
debouncing. These problems can be 
·solved either with har~ware (data 
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lcitching, .or debouncing circuits) or 
with software (refreshing, or imposing a 
delay in the program after a change of 
state), and illustrate nicely the trade-off, 
typical of microcomputer systems, be~ 
tween software and hardware com­
plexity. 

Aid and d/a converters, and lights 
and switches, are parallel devices. Even 
so, interfacing . them to a parallel bus is 
usually done with the help of an inter­
face chip which handles the control 
lines, latches and buffers the data, and 
accommodates interrupts. 

The major difficulty with serial· 
transmission is mastering the various 
combinations of options that are part of 
all serial interface standards. Interface 
chips exist to handle the basic serial/ 
parallel conversion and the formatting 
bits (start, stop and parity). 

Reference 
L Witten,r L H., Computer buses, Wireless 
World, February 1979 and March 1979. 

Further reading 
Klingman, E. E. (1977) Microprocessor sys­
tems design. Prentice Hall. 
Leventhal, L. A. (1978) Introduction to 
microprocessors . software, hardware, pro­
gramming. (Chapter 8). Prentice Hall. 
Millm:;m, J. & Halkias, C. C. (1972) Integrated 
electronics (Sections 17-19 and 17 -20) . 
McGraw Hill. 
Osborne, A. (1977) An introduction to micro­
processors, Volume 1 and 2. Berkeley. Adam 
Osborne and associates. 
Peatman, J. B. (1977) Microcomputer-based 
design. McGraw Hill. 0 

Radiometer monitors atmosphere 

The earth's upper atmosphere between 30 
and 130 kilometres altitude is now being 
monitored QY an advanced radiometer 
operating in the infra-red region. Called 
SAMS (stratospheric and mesospheric 
sounder), it is the only European experiment 
carried in the American Nimbus 7 
atmospheric research satellite now circling 
the earth in a near-polar orbit. The experi­
ment was originated by Professor J. T . 
Houghton of the Department of Atmospheric 
Physics at Oxford University. 

Infra-red radiation from the atmosphere 
between the wavelengths of2.7 and lOO,um is 
focused within the instrument on a number 
of detectors, each equipped with a different 
set of filters, to enable specific lines of the test 
spectrum to be detected separately. Sixteen 
different wavelengths are examined. The 
device is situated at the base of Nimbus 7 and 
is oriented to look tangentially towards the 
horizon at the limb of the atmosphere and 
not directly downwards. A two-axis scanning 
mirror changes the direction of view and 
enables SAMS to scan the atmosphere verti­
cally. Because Nimbus 7 has been placed in a 
11ear-polar orbit and completes 
approximately 14 orbits per day , the 
radiometer records the variation in infra-red 
radiation throughout the atmosphere on a 
global basis. 

From the data obtained the quantity, dis­
tribution and movement of the selected 
gases, ranging from carbon dioxide and 
water vapour to rare constituents such as 
oxides of nitrogen, can be assessed_ Many of 

the gases are the result of atmospheric pol­
lution. The projected twelve-month 
operational life of the radiometer will also 
enable seasonal variations in the distribution 
of these gases to be determined. 

The cost of SAMS- about £1M -was met 
by the Science Research Council, while the 
design and development of the instrument 
was a collaborative endeavour of the De­
partment of Atmospheric Physics, Oxford 
University, the Science Research Council's 
Rutherford Laboratory and British Aero­
space Dynamics Group Stevenage space en­
gineering department. As prime industrial 
contractor to the project, British Aerospace 
was given particular responsibility for the 
design and manufacture of the thermal sub­
system, the electronics, and the setting-up 
and the alignment of the instrument in­
cluding the integration of all the systems and 
testing of the complete radiometer. 0 

The Audio Engineering Society is calling for 
papers to be presented at their 65th Conven­
tion to be held in the London Hilton from 
February 25 to 27, 1980. Anyone wishing to 
present a technical paper on audio en­
gineering or related subjects at this event 
should contact Dr J. M. Bowsher, Audio 
Engineering Society, Physics Department, 
University of Surrey, Guildford, Surrey GU2 
5XH. The deadline for the receipt of complete 
papers will be the end of December 1979. 
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tick, the analogue voltage is converted 
to digital and passed to the interface. 
The task of the interface is to transfer 
the value to an appropriate place in 
store (i.e. to an appropriate bus ad­
dress). To do this, it contains an address 
register which holds the address where 
the next value is to be placed. The 
address register is incremented after 
each "write" operation, so that suc­
cessive values are stored in successive. 
store locations. If this goes on for ever, 
all of store (including any programs) 
would be over-written, and so there is a 
word count register in the interface 
which counts words to go, and the 
contents of this are decremented after 
each store operation. \Vhen it becomes 
zero, the transfers stop. Thus the task of 
the interface is to transmit a block of 
data from the a/d converter into store. 
The initial value of the word count 
governs the length of the block, while 
the initial value of the address register 
determines which store locations are 
used. 

Although the transfers proceed inde­
pendently of the processor, it sets the 
initial values of the address register and 
word count. Thus these registers have 
bus address, so that they are accessible 
to the processor as normal store loca­
tions. To initiate a d.m.a. operation, the 
processor writes appropriate values into 
the two registers. As soon as the word 
count is set non-zero, the interface steps 
into action, and thereafter the operation 
proceeds autonomously, without 
bothering the processor. There must, of 
course, be some way of signalling to the 
processor when the operation is fin­
ished. For example, it could find out for 
itself by reading the word count reg­
ister, and waiting until it becomes zero. 

\Vhile the word count is non-zero, the 
interface monitors the "conversion 
done" line from the a/d converter. 
\Vhen this is asserted, it transfers the 
a/d output into the data register and 
then proceeds to request bus master­
ship. As described in the article in 
Reference 1 (Fig. 22), this involves quite 
a complicated protocol, using the bus 
request, bus busy, and bus grant lines. 

Once mastership is granted, the in­
terface puts the contents of its address 
anq data registers onto the address and 
data bus, operates "read/write", and 
enters the handshaking sequence with 
the store by asserting "address valid". 
\Vhen handshaking is complete, it 
relinquishes the bus by releasing "bus 
busy" and the transfer is done. Now it 
decrements its local address register, 
decrements the word count register, 

· and if this is still non-zero begins the 
whole operation again. 

Computer subsystems can be divided 
into those that can initiate transfers on 
the bus and those that can't. The former 
will become bus master on occasion, 
while the latter will not and so can 
ignore the whole problem of bus con­
tention, including the bus request, bus 
busy, and bus grant lines. Simple 

input/output devices only respond to 
processor requests and so are of the 
second type, while to transfer data 
directly from an input/output device to 
the store the device must be able to 
handle the bus-mastership protocol. 

Another important distinction is be­
tween devices that use parallel data­
transmission and those that use serial 
transmission. In the former there are 
several wires (typically 8), one to carry 
each of the data bits. In the latter, only 
one wire is used and the data bits follow 
each other along it. Serial transmission · 
is used when · the path from the bus 
interface to the device itself is quite long 
and the device does not accept or 
generate data at a high rate (less than, 
say, 10000 or 20000 bits/s). Parallel 
transmission is used for fast devices, or 
for devices which reside physically close 
to the bus. A multitude of miscellaneous 
devices like lights and switches, a/d and 
d/a converters, are generally connected 
in parallel to interfaces, whereas serial 
transmission is usually used for 
character-oriented devices like v.d:us.' 

Driving lights is complicated by the 
problem of refresh. Although the data 
can be latched at the peripheral device, 
it is often cheaper if there are many 
lights to refresh them repeatedly from 
the processor to create an illusion of 
continuous illumination without 
latching. A loosely analogous problem 
with switches and keyboards is that of 
debouncing. These problems can be 
·solved either with har~ware (data 
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lcitching, .or debouncing circuits) or 
with software (refreshing, or imposing a 
delay in the program after a change of 
state), and illustrate nicely the trade-off, 
typical of microcomputer systems, be~ 
tween software and hardware com­
plexity. 

Aid and d/a converters, and lights 
and switches, are parallel devices. Even 
so, interfacing . them to a parallel bus is 
usually done with the help of an inter­
face chip which handles the control 
lines, latches and buffers the data, and 
accommodates interrupts. 

The major difficulty with serial· 
transmission is mastering the various 
combinations of options that are part of 
all serial interface standards. Interface 
chips exist to handle the basic serial/ 
parallel conversion and the formatting 
bits (start, stop and parity). 

Reference 
L Witten,r L H., Computer buses, Wireless 
World, February 1979 and March 1979. 

Further reading 
Klingman, E. E. (1977) Microprocessor sys­
tems design. Prentice Hall. 
Leventhal, L. A. (1978) Introduction to 
microprocessors . software, hardware, pro­
gramming. (Chapter 8). Prentice Hall. 
Millm:;m, J. & Halkias, C. C. (1972) Integrated 
electronics (Sections 17-19 and 17 -20) . 
McGraw Hill. 
Osborne, A. (1977) An introduction to micro­
processors, Volume 1 and 2. Berkeley. Adam 
Osborne and associates. 
Peatman, J. B. (1977) Microcomputer-based 
design. McGraw Hill. 0 

Radiometer monitors atmosphere 

The earth's upper atmosphere between 30 
and 130 kilometres altitude is now being 
monitored QY an advanced radiometer 
operating in the infra-red region. Called 
SAMS (stratospheric and mesospheric 
sounder), it is the only European experiment 
carried in the American Nimbus 7 
atmospheric research satellite now circling 
the earth in a near-polar orbit. The experi­
ment was originated by Professor J. T . 
Houghton of the Department of Atmospheric 
Physics at Oxford University. 

Infra-red radiation from the atmosphere 
between the wavelengths of2.7 and lOO,um is 
focused within the instrument on a number 
of detectors, each equipped with a different 
set of filters, to enable specific lines of the test 
spectrum to be detected separately. Sixteen 
different wavelengths are examined. The 
device is situated at the base of Nimbus 7 and 
is oriented to look tangentially towards the 
horizon at the limb of the atmosphere and 
not directly downwards. A two-axis scanning 
mirror changes the direction of view and 
enables SAMS to scan the atmosphere verti­
cally. Because Nimbus 7 has been placed in a 
11ear-polar orbit and completes 
approximately 14 orbits per day , the 
radiometer records the variation in infra-red 
radiation throughout the atmosphere on a 
global basis. 

From the data obtained the quantity, dis­
tribution and movement of the selected 
gases, ranging from carbon dioxide and 
water vapour to rare constituents such as 
oxides of nitrogen, can be assessed_ Many of 

the gases are the result of atmospheric pol­
lution. The projected twelve-month 
operational life of the radiometer will also 
enable seasonal variations in the distribution 
of these gases to be determined. 

The cost of SAMS- about £1M -was met 
by the Science Research Council, while the 
design and development of the instrument 
was a collaborative endeavour of the De­
partment of Atmospheric Physics, Oxford 
University, the Science Research Council's 
Rutherford Laboratory and British Aero­
space Dynamics Group Stevenage space en­
gineering department. As prime industrial 
contractor to the project, British Aerospace 
was given particular responsibility for the 
design and manufacture of the thermal sub­
system, the electronics, and the setting-up 
and the alignment of the instrument in­
cluding the integration of all the systems and 
testing of the complete radiometer. 0 

The Audio Engineering Society is calling for 
papers to be presented at their 65th Conven­
tion to be held in the London Hilton from 
February 25 to 27, 1980. Anyone wishing to 
present a technical paper on audio en­
gineering or related subjects at this event 
should contact Dr J. M. Bowsher, Audio 
Engineering Society, Physics Department, 
University of Surrey, Guildford, Surrey GU2 
5XH. The deadline for the receipt of complete 
papers will be the end of December 1979. 
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If noise is a problem 
in your design _ · 
these instruments 
are essential for 

(diagnosis 

ANM3 
• Switchable quasi peak/t rue r.m.s. 
• CC I R weight ing f ilter 
• IEC weight ing filter 
• DIN weighting fi lter 
• High sensitivity ( 1 0~V f.s.d.), low noise 

ANM4 
• Average responding meter 
• 16 measurement ranges 
• High sensitivity, low noise(< 1f1V) 
• Mod ified CCI R f ilter 
• Conforms to Dolby recommendat ions 

~ [Wayne Kerr Radford J The dynamic range 
Wilmot Breeden Electronics Limited · Durban Road Bognor Regis West Sussex P022 9RL England · Phone Bognor (02433) 25811 · Telex 86120 
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LDOS • 0.002% distortion across audio band 
• Excellent amplitude stability 
• Fast sett ling t ime, even at low frequencies 
• 10Hz - 100k Hz, sine and square wave 
• Auto Link output 

LDMS2 • Measurement to 0.003% f.s.d. 
• 60dB of automat ic nulling 
• No frequency range switching required 
• Switchable high pass and low pass filters 
• Auto Link input 
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Low distortion amplification 
Audio system offers a t .h .d . content of 0.003 °/o 

Although the amount of harmonic 
distortion generated by audio amplifiers 
has received a good deal of coverage in 
Wireless World, most approaches have 

. relied upon a study of specific distortion 
origins such as common-mode 
non-linearity and the pros and cons of 
shunt and series feedback arrangements. 
The author of this article puts forward a 
different approach based upon 
conventional design techniques where 
amplifier stages are compatible 
throughout, in an attempt to keep 
distortion to a minimum. While corners 

. have been cut, notably in the preampl ifier 
for magnetic cartridge, which has been 
optimised for low distortion rather than 
low noise, the figures for t .h.d (2nd and 
3rd harmonics) are down to 0 .003% 
where a complementary current source 
has been employed . 

ONE WAY of holding harmonic distor­
tion at a minimum level is to make each 
amplifying stage as compatible with its 
partners as possible, and in this outline a 
low-distortion voltage amplifier, of the 
form show in Fig. 1, is used. Here, the 
input stage is a voltage-controlled cur­
rent source and the second and third 
stages are current-driven voltage 

-sources. Overall negative feedback in 
this type of circuit increases the output 
impedance of the first stage and 
reduces the input and output imped­
ance of the second stage. However, 
these two stages are already compatible 
and the application of negative feed­
back improves the performance of the 
combined amplifier. 

Power bandwidth limitation 
For reasons of stability it is usual to 
·connect a capacitor between collector 
and base of Tr3• Its value is determined 
by the open loop unity gain point (w) 
required to keep the amplifier stable 
when overall feedback is applied. This 
point can _ be calculated, to a first 
approximation, from 

mut. ·con d. of 1st stage (gm) 
w= . 

"' compensation capacitor (Cc) 

The current required to charge Cc is 
derived from the first stage, the maxi­
mum being the tail current of the dif­
ferential amplifier. If a signal is applied 

by B. J. Codd 

at the input, faster .than the speed at 
which Cc can be charged, t hen .the 
amplifier reverts from a linear mode to a 
slew-rate limited mode. 

Slew rate 
iq1(Tr1). 

Cc. 
where Iq =quiescent current (2) 

Combining 1 and 2 we derive slew rate 

as 
, Wfl XIql (3) 

gm 

As w.,. is fixed for a particular amplifier, 
slew rate can only be .improved by in­
creasing Iq1 or decreasing the gm of the 
first stage. Power bandwidth is related 
to slew rate (for a sine wave) by: 

. 1 dv0 
wmax=--max (4) 

Vp dt 

Thus tbe maximum usable sine wave 
frequency is a function of both the peak 
voltage and the slew rate and is given by 

slew rate 
peak output voltage X 2'11' 

Distortion 
It is convenient to discuss the distortion 
level by separating the amplifier into 
thre~ sections - the input stage, the 
voltage amplifying stage, and the out­
put stage. 

The operation of the differential 
amplifier, used for the first stage, is 
nonnally described in terms of mutual 

·conductance (gm) whose uni t s are 
mAN. If gm is plotted, it is found to vary 
in a non-linear manner with input vol­
tage (V in), gm reaching its highest level 
when V in = 0. The linear region can be 

·extended, at the expense of gm, by the 
use of emitter degeneration. The inter­
nal emitter impedance (r~) should be 
kept small compared with the fixed 
emitter resistor, which necessitates a 
"tail" current of the order of 2mA if gm is 
to be kept at a reasonable figure . 

A serious form of distortion associ­
ated with this stage arises due to "early 
effect." This is also known as 
"base width modulation" and occurs 
due to changes in the width of the 
depletion layer of the collector /base 
junction as the potent ial across it is 
varied. This phenomenon generates 
distortion componen ts at th e input 
which are not reduced by negative 
feedback. Series voltage feedback can 
be the source of another form of distor­
tion due to the common mode voltage 
modulating a ltering the depletion 
capacitance and the quiescent current 
I . To minimise these effects V should 

q ~ 

be high, collector/modulation kept low, 
and a current source u~ed to pr~vide I q' 

Once these design steps have been 
taken, "even harmonic" distortion can 
be reduced to a very low value by 
matching IC1 and IC2 • 

The criteria for low distortion do not 
necessarily satisfy the requirements for 
the lowest possible noise; however, the 
use of low noise devices for TrFTr2 
provides a reasonable noise figure over 
a wide range of source impedances. 

The second stage operates as a cur­
rent amplifier, this task being best 

-: I" 
I 
I 
I I 

I 
~----------~----~------~~---0-V I 

I I "---- -..1\,/\/\,------ ---~ 

Fig. I . Low distortion voltage amplifier 
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Although the amount of harmonic 
distortion generated by audio amplifiers 
has received a good deal of coverage in 
Wireless World, most approaches have 

. relied upon a study of specific distortion 
origins such as common-mode 
non-linearity and the pros and cons of 
shunt and series feedback arrangements. 
The author of this article puts forward a 
different approach based upon 
conventional design techniques where 
amplifier stages are compatible 
throughout, in an attempt to keep 
distortion to a minimum. While corners 

. have been cut, notably in the preampl ifier 
for magnetic cartridge, which has been 
optimised for low distortion rather than 
low noise, the figures for t .h.d (2nd and 
3rd harmonics) are down to 0 .003% 
where a complementary current source 
has been employed . 

ONE WAY of holding harmonic distor­
tion at a minimum level is to make each 
amplifying stage as compatible with its 
partners as possible, and in this outline a 
low-distortion voltage amplifier, of the 
form show in Fig. 1, is used. Here, the 
input stage is a voltage-controlled cur­
rent source and the second and third 
stages are current-driven voltage 

-sources. Overall negative feedback in 
this type of circuit increases the output 
impedance of the first stage and 
reduces the input and output imped­
ance of the second stage. However, 
these two stages are already compatible 
and the application of negative feed­
back improves the performance of the 
combined amplifier. 

Power bandwidth limitation 
For reasons of stability it is usual to 
·connect a capacitor between collector 
and base of Tr3• Its value is determined 
by the open loop unity gain point (w) 
required to keep the amplifier stable 
when overall feedback is applied. This 
point can _ be calculated, to a first 
approximation, from 
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w= . 
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The current required to charge Cc is 
derived from the first stage, the maxi­
mum being the tail current of the dif­
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at the input, faster .than the speed at 
which Cc can be charged, t hen .the 
amplifier reverts from a linear mode to a 
slew-rate limited mode. 
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iq1(Tr1). 
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where Iq =quiescent current (2) 

Combining 1 and 2 we derive slew rate 
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slew rate can only be .improved by in­
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first stage. Power bandwidth is related 
to slew rate (for a sine wave) by: 

. 1 dv0 
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Vp dt 

Thus tbe maximum usable sine wave 
frequency is a function of both the peak 
voltage and the slew rate and is given by 
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peak output voltage X 2'11' 
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It is convenient to discuss the distortion 
level by separating the amplifier into 
thre~ sections - the input stage, the 
voltage amplifying stage, and the out­
put stage. 

The operation of the differential 
amplifier, used for the first stage, is 
nonnally described in terms of mutual 

·conductance (gm) whose uni t s are 
mAN. If gm is plotted, it is found to vary 
in a non-linear manner with input vol­
tage (V in), gm reaching its highest level 
when V in = 0. The linear region can be 

·extended, at the expense of gm, by the 
use of emitter degeneration. The inter­
nal emitter impedance (r~) should be 
kept small compared with the fixed 
emitter resistor, which necessitates a 
"tail" current of the order of 2mA if gm is 
to be kept at a reasonable figure . 

A serious form of distortion associ­
ated with this stage arises due to "early 
effect." This is also known as 
"base width modulation" and occurs 
due to changes in the width of the 
depletion layer of the collector /base 
junction as the potent ial across it is 
varied. This phenomenon generates 
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which are not reduced by negative 
feedback. Series voltage feedback can 
be the source of another form of distor­
tion due to the common mode voltage 
modulating a ltering the depletion 
capacitance and the quiescent current 
I . To minimise these effects V should 
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be high, collector/modulation kept low, 
and a current source u~ed to pr~vide I q' 

Once these design steps have been 
taken, "even harmonic" distortion can 
be reduced to a very low value by 
matching IC1 and IC2 • 

The criteria for low distortion do not 
necessarily satisfy the requirements for 
the lowest possible noise; however, the 
use of low noise devices for TrFTr2 
provides a reasonable noise figure over 
a wide range of source impedances. 

The second stage operates as a cur­
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Fig.2. Main power amplifier circuit. This is an extended version of Fig.l 
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Fig.3. The "low power" amplifier 

accomplished by a common emitter 
connection which for reasons of 
linearity, should be driven from a cur­
rent source. The problem of 1'early 
effed11 distdrtioh can be overcome by 
Using a casoode compbsite transistor, 
which decouples the generated 

47,u 
10V 

Tr9 
2N2484 

220 

capacitive effects from the input signaL 
For low power applications a comp­

lementary emitter follower biased in 
class A is ali that is requited for the 
output stage. For higher poWer, the 
problems becbme mote difficult, es­
pecialiy when the stage is operated In 

47 

Tr1 &Tr2 

47 

Preamp! if iers 

2 3 

R, 47k 100k 220k 

R2 1k 3k3 10 

R3 47k lOOk 220k 

c, t 0 ·5JJ 0·5)J 

c2 * 
c3 10p 

2N3117 

* Depends on cartridge 
manufacturer's spec. 

t See rumble filter 

class B. The four major contributors to 
the diStGrtiOn Were found to be. 
crossover distortion, variations in hfe. of 
the power devices with current and 
frequency, high current wiring and 
changes in. drive requirement~ at 
varying power levels and frequenCies. 
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Pre-amp1 Equalisation 
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L.H. Channel 

-------... ~1~~ 
~-------------------~0~11~ 0_24_d_b_5_k_H_z ________________ J 

Low P"' \ 
filter - ~ 

Fig.4. Schematic of the preamplifier and tone control stages 
--------o 0/P to power amplifier 

Points 1 and 2 can be minimised by 
the use of a "triple" which has excellent 
linearity, whilst the thermal isolation of 
the output devices gives a stable 
operating current. The quiescent cur­
rent is still important, and should be set 
such that the "crossover spikes" just 
disappear. 

Whilst measuring the ·distortion of 
this stage it was apparent that the 
layout of the high current wiring was 
extremely critical. In fact, any mean­
ingful figures proved impossible to 
ascertain until certain modifications 
were carried out: 

Star-configuration wtnng was 
employed, high current wiring was kept 
to a minimum length and screened cable 
used for high current wiring, including 
earth returns. 

A class A complementary enl.i'tter 
follower was used to interface the 
second-stage to the triple so as to 
reduce the influence of varying power 
levels and frequencies. 

Circuit description 
Figures 2 and 3 show a practical real­
isation of an amplifier based upon the 
design principles previously discussed. 
As both circuits are of similar design, 
one circuit description will suffice. 

Tr 1-Tr2 form a conventional dif­
ferential amplifier, whose tail current, 
defined by Tr 

3
, is 2mA. Emitter de­

generation has been added to increase 
the slew rate and flatten the gm curve. 
The load for this stage comprises Tr 4 , 

with Tr 5 and Tr 6 conhected as a current 
mirror. This configuration also provides 
a push-pull current source to drive the 
next stage . The lOOrJ potentiometer 
which connects the emitters of Tr 5 and 
Tr6 is adjusted for cancellation of even 

harmonic distortion. 
Tr7 is operated as~ common emitter 

amplifier using the emitter imped~:mce of 
Tr 8 as its load, ensuring the collector­
base modulation is kept low. Tr8 is 
connected as a common base amplifier 
and retains all the advantages of this 
mode of connection. The modulation of 

After several years in industrial 'elec­
tronics, B. J. Codd joined the: Elec­
tronics Development section of Leic­
ester Royal Infirmary's Medical 
Physics Department as its senior 
technician. During the intervening 9 
years he has been responsible for-~the 
development of a six-channe,l foetal 
e.c.g. monitor, now in use , in the 
Infirmary's maternity wingi' : ~nd an 
ultrasonic 2MHz doppler sy~tem ,.for 
use in aortic blood flow analysis : __ 1 

' ' ·,· • I ' . .' >\l ' 

the internal collector-base capacitance 
of Tr 8 is now decoupled from the base of 
Tr7, thus eliminating "early effect" and 
increasing bandwidth. 

The output stages are fairly conven­
tional and their typical problems have 
already been discussed. Of general con­
sideration is the mode of feedback used 
in the power amplifier. Shunt feedback 
was used as it gave marginally, better 
results. Series feedback may be used 
with a slight increase in even harmonic 
distortion. 

The setting-up procedure for the 
amplifier depends on the equipment 

. available, and for the best results a 
distortion factor meter should be used. 
Rct is adjusted for minimum distortion· 
whilst Rc is adjusted such that the 
"crossover spikes" just disappear. If 
only a multimeter is available, then Rd 
should be set such that Ic1 = lcz• and 
R:c is adjusted for 20mA quiescent 
current through the output transistors. 
Where appropriate all adjustments 
should be made at 10kHz. 

Low power amplifier, results 
The amplifie-r exhibited -a slew rate of 
40V lf!S which is close to the predicted 
value shown by ( 1 ). 

. I 2X10-3 
.(1) slew rate=3...-

39 12 ~ 50VIfLS 
Cc X10 

This giv
1

es a maximum usable frequency 
at 50Vp-p of 

(5) f = ·· "'max - 40 >< 
106 25. OkHz 

m~x 2'TT 25 X 6.28 

To define the closed loop frequency 
response, a sihgle pole low pass filtet 
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base modulation is kept low. Tr8 is 
connected as a common base amplifier 
and retains all the advantages of this 
mode of connection. The modulation of 

After several years in industrial 'elec­
tronics, B. J. Codd joined the: Elec­
tronics Development section of Leic­
ester Royal Infirmary's Medical 
Physics Department as its senior 
technician. During the intervening 9 
years he has been responsible for-~the 
development of a six-channe,l foetal 
e.c.g. monitor, now in use , in the 
Infirmary's maternity wingi' : ~nd an 
ultrasonic 2MHz doppler sy~tem ,.for 
use in aortic blood flow analysis : __ 1 

' ' ·,· • I ' . .' >\l ' 

the internal collector-base capacitance 
of Tr 8 is now decoupled from the base of 
Tr7, thus eliminating "early effect" and 
increasing bandwidth. 

The output stages are fairly conven­
tional and their typical problems have 
already been discussed. Of general con­
sideration is the mode of feedback used 
in the power amplifier. Shunt feedback 
was used as it gave marginally, better 
results. Series feedback may be used 
with a slight increase in even harmonic 
distortion. 

The setting-up procedure for the 
amplifier depends on the equipment 

. available, and for the best results a 
distortion factor meter should be used. 
Rct is adjusted for minimum distortion· 
whilst Rc is adjusted such that the 
"crossover spikes" just disappear. If 
only a multimeter is available, then Rd 
should be set such that Ic1 = lcz• and 
R:c is adjusted for 20mA quiescent 
current through the output transistors. 
Where appropriate all adjustments 
should be made at 10kHz. 

Low power amplifier, results 
The amplifie-r exhibited -a slew rate of 
40V lf!S which is close to the predicted 
value shown by ( 1 ). 

. I 2X10-3 
.(1) slew rate=3...-

39 12 ~ 50VIfLS 
Cc X10 

This giv
1

es a maximum usable frequency 
at 50Vp-p of 

(5) f = ·· "'max - 40 >< 
106 25. OkHz 

m~x 2'TT 25 X 6.28 

To define the closed loop frequency 
response, a sihgle pole low pass filtet 
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was incorporated in the input circuit, 
with a 3dB point at 70kHz. · 

The inherent distortion of the system 
is shown in table 1, along with the 
results for the amplifier. All measure­
ments taken on the amplifier were made 
with IC1-IC2 matched, at 50Vp-p into a 
H)k load, and a closed loop gain of 50. 
The noise figure of this stage depends 
upon the devices used for Tr1 and Tr2 . 

For a magnetic cartridge, low noise 
transistors gave marginally better 
results than low noise f.e .ts, although 
for higher resistances, low noise f.e.ts 
such as the BF818 can be used to ad­
va_ntage. 

Power amplifier 
The frequency characteristics were as 
for the preamplifier and again a low 
pass 70kHz filter was incorporated into 
the input circuit. 

The distortion results for the power 
amplifier are shown in table 1. These 
figures were taken at 40\V continuous 
into 8S1 with IC1 and IC2 matched, and 
the quiescent current adjusted for 
minimum third harmonic distortion. All 
figures fell as power was reduced. If the 
quiescent current is adjusted above its 
optimum value, the third harmonic 
distortion rises to 0.008% at 40\V con­
tinuous into 8Q at 20kHz, and falls to a 
low value when the stage operates in 
class A. 

The amplifier was stable with both 
capacitive and inductive loads, and 
showed little ringing when driving a 
·2.2f.1F capacitor with a 20kHz square 
wave. Although the distortion figures 
can be improved if the output stage is 
biased in class A, it is felt that the 
amplifier presents an acceptable com­
promise between minimising distortion 
and the convenience of class B. 

0/P 

TIP3055 
Output transistor 

--~---~~-----30V 

Fig.6. Suitable output transistor pro­
tection circuit · 

Radford 
L.D.O. 3 

oscillator 

Output level . 
set tor 50Vpk-pk 
at output of amplifier: 

Amplifier 
- under test -

~kB 

ov 

22k 

10,U 35V 

6k8 

r------.---o+30V 

Fig.7. D~layed relay speaker protection 
circuit 

Marconi 
TF 2331 

factor meter 

Adjusted for 
f .s.d . on 0·1"/o rang'e 

Marconi 
TF2330A 

Wave 
Analyser 

Set to'relative 
adjust for f.s.d. 
at fundamental 
read Ofo distortion 

Fig.8. Block diagram of harmonic distortion test set-up 

The audio system 
Figure 4 shows a complete audio system 
based upon the amplifiers just de­
scribed. Passive .'equalisation and tone 
controls have been used, ensuring that 
the amplifiers are always operated 
under optimum conditions. An active 
high pass (rumble) filter was incorpo­
rated into the input circuit of the mag­
netic pick-up preamplifier. This filter 
has a 12dB/octave slope with a 3dB 
point at 25Hz. 

The gain of the preamplifier is 34dB 
and this circuit is followed by a passive 
equalisation network which has an 
insertion loss of 23.5dB at 1kHz. The next 
stage, which is used for auxiliary inputs, 

100}-J 

Tr8 
emitter 

Fig.9. Complementary current source. 
This modification to the "low power" 
amplifier output stage further reduces 
harmonic distortion content 

' 
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Table 1. Hannonic distortion results. 

Oscillator Lower power amp 
(SOV p-p/10k0) 

High power amp 
40W continuous/SO 

2nd 3rd 2nd 3rd 2nd 3rd 
Harmonic Harmonic Haronic Harmonic Harmonic Harmonic 

60Hz 0.003% 0 .003% 0.003% 
100Hz 0.003% 0.0003% 0.003% 0.0004% 0 .003% 0 .0008% 
1kHz 0.003% 0.0003% 0 .003% 0 .0005% 0 .0025% 0 .0015% 
5kHz 0 .003% 0.0004% 0 .0035% 0 .0006% 0 .002% 0 .003% 

10kHz 0.004% 0 .0004% 0:003% 0 .0006% 0.003% 0.003% 
20kHz 0 .005% 0.0005% 0.004% 0 .0006% 0.003% 0.004% 

Table 2. Second and third hannonic levels. 

original circuit 
modified circuit 
oscillator distortion 

2nd harmonic 
0.007% 
0 .003% 
0 .0025% 

3rd harmonic 
0.006% 
0.003% 
0 .0003% 

has a gain of 30dB. Thus the overall 
sensitivity in the magnetic pick-up 
position is 3.5mV at 1kHz, giving a 
maximum input of 500mV p-p at 1kHz, 
1V p-p at 20kHz, and 50mV p-p at 50Hz, 
i.e. an overload capability (with 
reference to the nominal sensitivity) of 
33dB, 40dB, and 17dB respectively. 

The signal/noise ratio for this com­
bined stage depends upon the devices 
used for the input transistors, these 
being shown in the Fig. 3 table. 

The passive tone control (borrowed 
from the Mullard 3-valve preamplifier) 
features 15dB cut and boost with an 
insertion loss, in the flat position, of 
20dB. The final stage has a gain of 26dB 
which drives either the power amplifier 
or the low pass filter. 

This filter has a 12 or 24dB/octave 
slope, the 3dB points being 7kHz and 
5kHz respectively. The f.e.t. input 
operational amplifier used for this stage 
has a slew rate of 13V lf.1S and a unity· 
gain distortion of 0.01% at 30V p-p. at 
10kHz. 

:Auxiliary circuits 
The power supply used was a series pass 
circuit, supplying high currents with 
only a small voltage across the series 
transistor, thus keeping the dissipation 
to a minimum. · 

A delayed relay was used to protect 
the speakers against switch-on tran-

Book ReceiVed· 
Audio System Design for- Schools and . Col­
leges, by R. H. Welch, is designed to provide 
impetus for CSE, '0' and 'A' level students to 
take an interest in the workings of sound 
reproduction equipment. The preface expre­
sses the view that the book will help students 
and teachers to design and construct audio 
gear, but one feels that the design aspect of 
this work has received a fairly shabby deal. 
On the other hand, it is an attractive and 
up-to-date introduction to the field and is a 
practical guide to the technical side of disc 
reproducing equipment. Circuits for 
amplifiers are presented - many using linear 

sients and the output transistors were 
protected by the now conventional 
circuit first described by Bailey and 
were mounted on a 4in x 4in finned · 
heatsink. · 

Signal/noise ratios 
The measurement of signal/noise ratios 

· was achieved by using the TF2330A 
wave analyser, taking figures one 
octave apart over a 15kHz bandwidth 
with reference to a 5mV, 1kHz signal. 
Figures are also shown corrected for 
curve A weighting (A.S.A. sound meas­
urements) which corrects for the res­
ponse of the ear for low level signals. 

Signal/noise ratio, magnetic 
cartridge input 
50Hz-15kHz bandwidth 
corrected for 'curve A' 

Sensitivity 
· "magnetic" preamp 
aux 
·power amp 

for full output at 1kHz 

70dB 
78dB 

3.5mV 
100mV 
700mV 

The distortion figures for both 
amplifiers include oscillator distortion, 
hum, and noise. The distortion for both 
amplifiers fell with falling power out-

i.cs - and a very useful chapter goes quite 
fully into the design and building of louds­
peaker enclosures. Turntables, too, receive a 
good deal of attention - again more practi­
cal than theoretical. A good glossary is 
provided, albeit with one or two errors and · 
ambiguities, and a list of suppliers of 
materials and components is included. A 
small, but irritating point is that references 
are not numbered and are difficult to relate to 
the text. The book has 195 A5-size pages, is 
ring-backed in paper covers and costs £2.75 
plus postage and packing from Trent Poly­
technic, Surton Street, Nottingham. 
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-put. The low power amplifier was mea­
sured with a closed loop gain of 50. 

So as to realise the low distortion 
capability of the complete audio system 
it was necessary to provide a separate 
power supply for the preamplifier. Also, 
it is possible to reduce even further the 
distortion level in the low power 
amplifier by replacing Tr7 with a comp­
lementary current source. The two 
circuits were compared at 10kHz with a 
closed loop gain of 66dB and an ou'tput 
voltage of 50V peak to peak into a lOk­
·load. The results are shown in the 
related table. (Table 2). 

Conclusion 
The object of this approach was, by the 
u.se of conventional techniques, to de­
sign an amplifier with levels of distor­
tion which would make it competitive 
with current commercial designs. How­
ever, a possible area of improvement 
remain in the class B output stage, 
although if biased in class A, third har­
monic distortion falls to an insignificant 
level. The s/noise ratio on "magnetic" 
could have been improved but the fact 
that at normal operating levels the 
distortion content was below the sen­
sitivity of the test instrument, and the 
s/noise ratio is really only 6dB above 
the theoretical minimum for a magnetic 
cartridge, means that the compromise 
seems to have been justified. 

The design of the complete system 
lends itself very well to operational 
amplifier techniques, and it may well be 
that, at some future date, an enter­
prising company will convert it into i.e. 
form, leaving the audio .designer free to 
optimise the associated circuits, with a 
consequent improvement in audio 
amplifier quality. 

Printed circuit boards 
A set of glass fibre printed circuit boards 
will be available for £16 (inclusive of 
v.a.t. and UK postage) from M. R. Sagin 
at 23 Keyes Road, London, NW2. The 
set comprises three identical stereo 
pre-amp boards and one power amp 
board. The p.c.bs aN~ also available · 
separately for £4.20. 

Volunteers wanted 

The British Talking Book Service for the 
Blind, which has supplied records and tapes 
to blind people for many years, is in need of 
volunteers to instal and maintain the tape 
·cassette players currently in use. A complete 
spares service and assistance are available, if 
required, and the work consists mainly of 
routine maintenance and assistance to blind 
people in learning to use the machines. 
Anyone willing to assist in this way should 
write to E. L. Wade, British Talking Book 
Service for the Blind, Mount Pleasant Road, 
Alperton, Wembley, Middx. 
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was incorporated in the input circuit, 
with a 3dB point at 70kHz. · 

The inherent distortion of the system 
is shown in table 1, along with the 
results for the amplifier. All measure­
ments taken on the amplifier were made 
with IC1-IC2 matched, at 50Vp-p into a 
H)k load, and a closed loop gain of 50. 
The noise figure of this stage depends 
upon the devices used for Tr1 and Tr2 . 

For a magnetic cartridge, low noise 
transistors gave marginally better 
results than low noise f.e .ts, although 
for higher resistances, low noise f.e.ts 
such as the BF818 can be used to ad­
va_ntage. 

Power amplifier 
The frequency characteristics were as 
for the preamplifier and again a low 
pass 70kHz filter was incorporated into 
the input circuit. 

The distortion results for the power 
amplifier are shown in table 1. These 
figures were taken at 40\V continuous 
into 8S1 with IC1 and IC2 matched, and 
the quiescent current adjusted for 
minimum third harmonic distortion. All 
figures fell as power was reduced. If the 
quiescent current is adjusted above its 
optimum value, the third harmonic 
distortion rises to 0.008% at 40\V con­
tinuous into 8Q at 20kHz, and falls to a 
low value when the stage operates in 
class A. 

The amplifier was stable with both 
capacitive and inductive loads, and 
showed little ringing when driving a 
·2.2f.1F capacitor with a 20kHz square 
wave. Although the distortion figures 
can be improved if the output stage is 
biased in class A, it is felt that the 
amplifier presents an acceptable com­
promise between minimising distortion 
and the convenience of class B. 
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Fig.6. Suitable output transistor pro­
tection circuit · 
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Fig.8. Block diagram of harmonic distortion test set-up 

The audio system 
Figure 4 shows a complete audio system 
based upon the amplifiers just de­
scribed. Passive .'equalisation and tone 
controls have been used, ensuring that 
the amplifiers are always operated 
under optimum conditions. An active 
high pass (rumble) filter was incorpo­
rated into the input circuit of the mag­
netic pick-up preamplifier. This filter 
has a 12dB/octave slope with a 3dB 
point at 25Hz. 

The gain of the preamplifier is 34dB 
and this circuit is followed by a passive 
equalisation network which has an 
insertion loss of 23.5dB at 1kHz. The next 
stage, which is used for auxiliary inputs, 

100}-J 

Tr8 
emitter 

Fig.9. Complementary current source. 
This modification to the "low power" 
amplifier output stage further reduces 
harmonic distortion content 
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Table 1. Hannonic distortion results. 

Oscillator Lower power amp 
(SOV p-p/10k0) 

High power amp 
40W continuous/SO 

2nd 3rd 2nd 3rd 2nd 3rd 
Harmonic Harmonic Haronic Harmonic Harmonic Harmonic 

60Hz 0.003% 0 .003% 0.003% 
100Hz 0.003% 0.0003% 0.003% 0.0004% 0 .003% 0 .0008% 
1kHz 0.003% 0.0003% 0 .003% 0 .0005% 0 .0025% 0 .0015% 
5kHz 0 .003% 0.0004% 0 .0035% 0 .0006% 0 .002% 0 .003% 

10kHz 0.004% 0 .0004% 0:003% 0 .0006% 0.003% 0.003% 
20kHz 0 .005% 0.0005% 0.004% 0 .0006% 0.003% 0.004% 

Table 2. Second and third hannonic levels. 

original circuit 
modified circuit 
oscillator distortion 

2nd harmonic 
0.007% 
0 .003% 
0 .0025% 

3rd harmonic 
0.006% 
0.003% 
0 .0003% 

has a gain of 30dB. Thus the overall 
sensitivity in the magnetic pick-up 
position is 3.5mV at 1kHz, giving a 
maximum input of 500mV p-p at 1kHz, 
1V p-p at 20kHz, and 50mV p-p at 50Hz, 
i.e. an overload capability (with 
reference to the nominal sensitivity) of 
33dB, 40dB, and 17dB respectively. 

The signal/noise ratio for this com­
bined stage depends upon the devices 
used for the input transistors, these 
being shown in the Fig. 3 table. 

The passive tone control (borrowed 
from the Mullard 3-valve preamplifier) 
features 15dB cut and boost with an 
insertion loss, in the flat position, of 
20dB. The final stage has a gain of 26dB 
which drives either the power amplifier 
or the low pass filter. 

This filter has a 12 or 24dB/octave 
slope, the 3dB points being 7kHz and 
5kHz respectively. The f.e.t. input 
operational amplifier used for this stage 
has a slew rate of 13V lf.1S and a unity· 
gain distortion of 0.01% at 30V p-p. at 
10kHz. 

:Auxiliary circuits 
The power supply used was a series pass 
circuit, supplying high currents with 
only a small voltage across the series 
transistor, thus keeping the dissipation 
to a minimum. · 

A delayed relay was used to protect 
the speakers against switch-on tran-

Book ReceiVed· 
Audio System Design for- Schools and . Col­
leges, by R. H. Welch, is designed to provide 
impetus for CSE, '0' and 'A' level students to 
take an interest in the workings of sound 
reproduction equipment. The preface expre­
sses the view that the book will help students 
and teachers to design and construct audio 
gear, but one feels that the design aspect of 
this work has received a fairly shabby deal. 
On the other hand, it is an attractive and 
up-to-date introduction to the field and is a 
practical guide to the technical side of disc 
reproducing equipment. Circuits for 
amplifiers are presented - many using linear 

sients and the output transistors were 
protected by the now conventional 
circuit first described by Bailey and 
were mounted on a 4in x 4in finned · 
heatsink. · 

Signal/noise ratios 
The measurement of signal/noise ratios 

· was achieved by using the TF2330A 
wave analyser, taking figures one 
octave apart over a 15kHz bandwidth 
with reference to a 5mV, 1kHz signal. 
Figures are also shown corrected for 
curve A weighting (A.S.A. sound meas­
urements) which corrects for the res­
ponse of the ear for low level signals. 

Signal/noise ratio, magnetic 
cartridge input 
50Hz-15kHz bandwidth 
corrected for 'curve A' 

Sensitivity 
· "magnetic" preamp 
aux 
·power amp 

for full output at 1kHz 

70dB 
78dB 

3.5mV 
100mV 
700mV 

The distortion figures for both 
amplifiers include oscillator distortion, 
hum, and noise. The distortion for both 
amplifiers fell with falling power out-

i.cs - and a very useful chapter goes quite 
fully into the design and building of louds­
peaker enclosures. Turntables, too, receive a 
good deal of attention - again more practi­
cal than theoretical. A good glossary is 
provided, albeit with one or two errors and · 
ambiguities, and a list of suppliers of 
materials and components is included. A 
small, but irritating point is that references 
are not numbered and are difficult to relate to 
the text. The book has 195 A5-size pages, is 
ring-backed in paper covers and costs £2.75 
plus postage and packing from Trent Poly­
technic, Surton Street, Nottingham. 
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-put. The low power amplifier was mea­
sured with a closed loop gain of 50. 

So as to realise the low distortion 
capability of the complete audio system 
it was necessary to provide a separate 
power supply for the preamplifier. Also, 
it is possible to reduce even further the 
distortion level in the low power 
amplifier by replacing Tr7 with a comp­
lementary current source. The two 
circuits were compared at 10kHz with a 
closed loop gain of 66dB and an ou'tput 
voltage of 50V peak to peak into a lOk­
·load. The results are shown in the 
related table. (Table 2). 

Conclusion 
The object of this approach was, by the 
u.se of conventional techniques, to de­
sign an amplifier with levels of distor­
tion which would make it competitive 
with current commercial designs. How­
ever, a possible area of improvement 
remain in the class B output stage, 
although if biased in class A, third har­
monic distortion falls to an insignificant 
level. The s/noise ratio on "magnetic" 
could have been improved but the fact 
that at normal operating levels the 
distortion content was below the sen­
sitivity of the test instrument, and the 
s/noise ratio is really only 6dB above 
the theoretical minimum for a magnetic 
cartridge, means that the compromise 
seems to have been justified. 

The design of the complete system 
lends itself very well to operational 
amplifier techniques, and it may well be 
that, at some future date, an enter­
prising company will convert it into i.e. 
form, leaving the audio .designer free to 
optimise the associated circuits, with a 
consequent improvement in audio 
amplifier quality. 

Printed circuit boards 
A set of glass fibre printed circuit boards 
will be available for £16 (inclusive of 
v.a.t. and UK postage) from M. R. Sagin 
at 23 Keyes Road, London, NW2. The 
set comprises three identical stereo 
pre-amp boards and one power amp 
board. The p.c.bs aN~ also available · 
separately for £4.20. 

Volunteers wanted 

The British Talking Book Service for the 
Blind, which has supplied records and tapes 
to blind people for many years, is in need of 
volunteers to instal and maintain the tape 
·cassette players currently in use. A complete 
spares service and assistance are available, if 
required, and the work consists mainly of 
routine maintenance and assistance to blind 
people in learning to use the machines. 
Anyone willing to assist in this way should 
write to E. L. Wade, British Talking Book 
Service for the Blind, Mount Pleasant Road, 
Alperton, Wembley, Middx. 
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CIRCUIT IDEAS 

Zero-crossing detector 
A square wave with -any mark-to-space 
ratio can be obtained from input signals 
with a wide range of amplitudes. Offset 
voltage and current compensation are 
not required. 

The two transistors form constant 
current sources and, when fed with a 
square wave, switch as a complemen­
tary pair. Capacitor C is alternately 
charged and discharged and if the cur~ 
rent sources are balanced, V R drifts up­
or down until a I to I ratio is achieved. If 
one emitter resistor is twice the value of 
the other, a 2 to I ratio is achieved. The 
reference voltage feeds all of the op­
amps so the mark-to-space ratio is 
maintained wherever saturation occurs. 

This arrangement produces little 
phase shift and is stable when used in a 
phase comparator, even with an input 
signal varying from 500fJ. V to several 
volts. 
J. C. Milward 
\Vokingham 
Berks 

Pulse width detector 
If the width of the input pulse does not 
exceed the width of the monostable _ 
pulse determined by C1 R1, the positive 

---------------~ edge of the clock input to the 7474 
produces a 0 at the bistable input and 

Input pulses 

the transistor remains switched off. If 
the input pulse width is greater than the 

+ 

74I2I pulse, the flip-flop feeds a logic I 
to the bistable which then switches the 
transistor and l.e.d. on. Because the 
bistable acts as a latch, the l.e.d. remains 
on until the reset switch is activated. 
R. E. S. Abdel-Aal 
Sunderland Polytechnic 

+5V 

BCY70 
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Clock 
2-3MHz 

Count up 

Count dow 

Read strobe Dev ice select 

Depends on part icu Jar sys t em 
used data bus 

8-bit tracking a-to-d converter 

This converter is suitable for encoding 
audio signals onto an 8-bit micro­
processor bus. The output of an up­
down counter formed by two 74I93 i.cs, 
is converted to an analogue signal by 
the ZN425E. This signal is compared 

15V 

Push 
to read 
..L. +25V 

r--.--------~~---o ~ 

with the analogue input to determine 
the direction of count, and the 7404 and 
7430 provide an end stop to prevent 
'counting over from FF to 00. The 7474 
bistables control the count direction by 
,allowing it to change only when the 
counter clock is inactive. The clock 
must run at a higher speed than the 
ZN425 settling time. Tri-state buffers 
interface the 8-bit output with a data 
'bus, and are enabled/disabled by the 
device select and read data strobe in­
puts. 
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The converter can be interrogated 
asynchronously because a correct value 
is always obtainable. Because the 
circuit has an inherent low-pass action, 
analogue signal conditioning is not 
necessary and a sample/hold gate is not 
required. 

Although noise performance is 
slightly inferior to successive 
approximation type p.c.m. encoders, it 

· is not obtrusive. 
M. D. Usher 
Manchester 

Magnetic screen for f .m. tuners 

ov. 

Vpmeter 

This economical circuit measures the 
gate-to-source pinch-off voltage of an 
n-channel f.e.t. without the need to 
manually adjust Ygs· The unit is parti- · 
cularly useful when selecting f.e.ts for 
matched pairs in ~onstant current 
sources. 
J. F. Gregg 
Co. \Vicklow 
Eire 

B"ecause it has become common to stack 
~udio equipment, modulation hum on 
v.h.f., is sometimes a problem due to 
magnetic fields from transformers. A 
simple and well tried solution is to wrap 
the discriminator or phase-shift coil 
case wi~h a short-circuited coil of cop-

Paper 

per wire. Six turns of 22 s.w.g. will 
suffice in most cases and earthing the 
wire is a convenient method of an­
choring the spiral in place. 
R.G.Young 
Peacehaven 
Sussex 

Discriminator or phase-shifter 
transformer 

/ 
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CIRCUIT IDEAS 
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+ 
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+5V 

BCY70 
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Clock 
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Count up 
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Read strobe Dev ice select 
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15V 
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..L. +25V 

r--.--------~~---o ~ 
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puts. 
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ov. 
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1 to 1OM Hz v.c.o. 
Most i.e. waveform generators and 
v.c.os either do not provide sufficient 
sweep range or sufficient bandwidth. 
This oscillator is an extension of a well 
known RC relaxation circuit and offers 
a 1 to 10 MHz range. Transistor Tr1 in-­
creases the input impedance for low 
frequency operation and the feedback 
current is supplied via a photo­
transistor. Output frequency therefore 
depends on the control current in the 
l.e.d. Because the upper frequency limit 
is above the range of the photo­
transistor, the device is only supplied 
with direct current from a diode bridge. 
This arrangement also enables one 
photo-transistor to handle both halves 
of the oscillation cycle. Fast, low­
capacitance germanium diodes are 
necessary in the bridge to minimise 
voltage drop and unwanted direct 
charge transfer. 

An op-amp is used as a voltage to 
current converter, and to minimise 
thermal drift in the control opto­
isolator, a dual device is used with one 
half in the amplifier feedback path. This 
technique also improves transfer 
linearity. At maximum frequency the: 
control current in the relaxation 
oscillator and R1 is about 1mA, so R1 is 
selected for the required control voltage 
at the input. 

Although the circuit is simple, it will 
cover more than a decade range, about 
0.5 to 13 MHz in the prototype, and can 
also be modulated. The output has an 
approximately equal mark-to-space 
ratio at lOMHz but this varies at lower 
frequencies. Linearity is not ideal, pri­
marily because the waveform at Tr1 

base is not the ideal saw-tooth. How­
ever, this can be improved by a phase­
lock loop as shown. The internal v.c.o. 
of a 4046 provides the signal input, and 
is not within the loop. The comparator 
input is provided by a divided output 
from the opto-isolator v.c.o. Linearity, 
thermal stability etc. of the circuit are 
now determined by the 4046 v.c.o. The 
values of C2 and ~. which determine 
the frequency, are chosen so that only 
the lower half of the control range is 

used because the upper half is less lin­
ear. 

The penalty for an improved charac­
teristic is that low frequency roll-off 
(about 75Hz) of the loop filter limits the 
modulation frequencies that can be 
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applied. However, a LOCMOS version 
of the 4046 offers a higher frequency 
limit of about 4 MHz which should 
overcome this problem. 
D. H. Fallett 
Bristol 

· ·output 

Opto-i solator 
t-_....._--1 controlled 

v.c .o. 

R, =3k3 

Control 

0 2 4 6 8 10 14 

CONTROL VOLTAGE (V) 
R1 = 15k 

How ... Why ... When? 
Distress calls are made every 

day-hundreds each year, and in 
every case questions are asked. 
Questions which require 
accurate, up-to-the-minute 
answers. Answers that can only 
come from reliable and 
immediately accessible 
communications recordings. 

When police, ambulance, 
fire, local ATC and other services 
are called upon, either by radio 
or telephone, they often receive 
hasty, garbled messages­
sometimes several at a time. 
ln. such instances a positive 
need for communications 

recording arises-a need for a 
system with instant message 
trace and replay-at the touch of 
a button-and at any speed to 
assist intelligibility. 

All these facilities, and more, 
are available in the Racal 
Recorders 'Callstore' cassette 
recorder I reproducer. Actuated 
either by incoming audio 
signals or by local or remote 
control, Callstore uses four 
cassette transports, each giving 
up to four separate channels, 
including a search control 
track which is cued at the 

. beginning of each message. 

For details write to: 
Racal Recorders Limited 
Hardley Industrial Estate 
Hythe, Southampton, 
Hampshire, S04 6ZH 
England. 
Telephone: 0703 843265. 
Telex: 47600. 

Call store, from Racal Recorders, answers all the questions. 
WW- 092 FOR FURTHER DETAILS 
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Date with destiny 
For radio amateurs, the most important 
event for many years - the ITU \Vorld 
Administrative Radio Conference at 
Geneva - opens on September 24 and is 
due to. last until November 30. \Vhile 
theoretically the conference could re­
write completely the entire internatio­
nal Table of Frequency Allocations for 
all services a more realistic view of the 
outcome is that much of the table will 
remain recognizably similar to the pre­
sent allocations (which are still based 
largely on the Atlantic City, 1947 con­
ference, although these were modified 
in 1959 at Geneva and have also been 
affected by specialized conferences on_ 
space satellites, etc.). Nevertheless, 
important changes affecting the amat­
eur service are anticipated - always 
assuming that W ARC is able to reach 
real agreements and does not result 
mainly in a proliferation of footnotes 
and further regionalization. 

Radio amateurs will be represented . 
at Geneva by an IAR U team of 
accredited "observers", and some 
countries including the U.K. have in­
vited amateurs to attend as members of 
national delegations. 

There is a feeling that the proposals 
submitted in advance pose few serious 
threats to the current Region 1 alloca­
tions to amateurs either on h.f. or above 
30MHz, but it is realised that at any time 
during the conference dangers could 
emerge as part of the inevitable 'horse­
trading' needed to reach compromise 
agreements. The official U.K. proposals 
include the three additional h.f. bands at 
10.1, 18.6 aad 24.0 MHz, although Roy 
Stevens, G2BVN, the RSGB's Telecom­
munications Liaison Officer has de- · 
scrlbed support for these extra bands 
from other Region 1 countries as 
"rather disappointing". 

Further evidence of the continuing 
value of the amateur service in con­
tributing to radio propagation research 
is contained in a recent article in the 
lTV's "Telecommunication Journal" 
(Vol 46, Vl/1979) by K. J. Hortenbach 
and F. Rogier of the German broadcas­
ting service, Deutsche Welle. This 
underlines the importance of "chordal 
hop long-path" h.f. propagation in pro­
viding a reliable broadcast service to 
Australia from \Vest Germany. The 
chordal hop mode was first described 
some twenty years ago by H. J. Albrecht 
as a result of careful observations on 3.5, 
7 and 14MHz signals from \Vest 
European amateurs as received in New 
South \Vales, Australia. He realised that 
these signals were heard at times and at 
strengths which could not be accounted 
for by conventional multi-hop propaga" 
tion modes, with their losses due to 
multiple ground reflections and D-layer 
crossings. 

It is now at last becoming accepted 
that dawn and dusk tilts in the 
ionosphere regularly result in long­
distance chordal hop, making transmis-

sian to Australia and New Zealand ex­
tremely reliable. It is worth noting that 
if amateur bands at 10 and 18 MHz had 
been available during the past twenty 
years, the work of confirming the chor­
dal hop theories would have been eased 
considerably. 

Top band activity 
Since the disappearance of the 1.9 to 2.0 
MHz loran pulses, Top Band (1.8 to 
2.0MHz) has become a much more 
attractive night-time amateur band. 
This has been reinforced by the in­
creasing number of countries (now in­
cluding the USSR and Spain) which 
permit amateur operation in segments 
of this band. Stew Parry, \VlBB, doyen 
of the 1.8MHz enthusiasts, has pointed 
out that good conditions on this band 
have little relationship to normal h.f. 
propagation predictions and he advises 
"the only real way to success is to 
monitor the band constantly". · 

The band remains a useful testing 
ground for low-power equipment with a 
continuing mixtu.re of s.s.b./c.w./a.m. 
modes. Recent contacts have shown, for 
example, that Ray Coley, G3IFF, of 
Havant uses an all-band direct­
conversion transceiver from a motor­
cycle battery, while a flat-dweller in 
Northern Ireland has a 135ft "invisible" 
aerial using 28s.w.g. steel wire. The 
band is also a good place to try-out the 
new low-cost v.m.o.s. power f.e.ts such 
as the VNlOKM and VN67AF devices, 
both of which cost under £1 and which 
can readily be used in parallel to provide 

·a few watts of r.f. output . . 

From all quarters 
The RSGB Telecommunications Liai­
son Committee has set up a sub­
committee to investigate the recent 
proposals (WoAR, June 1979) of the 
European CW Association that there 
should be a U.K. c.w.-only "Novice" 
licence. It is expected that if the idea is 
approved by the committee, an official 
approach will be made to the Home 
Office. · 

It is now clear that no further activity 
can be expected from the Russian 
amateur radio ·satellites, RSl · and RS2, 
launched in October 1978. The relatively . 
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short operational lifetimes have been 
ascribed to excessive radiation pro­
blems during the launch period. Oscar 7 
and 8 are still operational, although 
Oscar 7 launched in November 1974 is 
thought to be reaching the end of i~s 
long operational life. There 1s 
apparently a good possibility of a Phase 
III Oscar (geostationary orbit) launch in 
Spring 1980. 

John St Clair, ZS2JR, of Port 
Elizabeth is believed to be the only 
amateur in southern Africa receiving 
weather pictures from the geostatio­
nary satellite, Meteosat, on 1691MHz. 
For an antenna he uses a 2-metre dish 
cut .from a surplus Post Office 4-m 
diameter dish. 

Tropospheric ducting between 
Hawaii and California is reported to 
have resulted in the setting up of a new 
world record on 432MHz. A contact 
between WB6NMT in California and 
KH6HME in Hawaii spanned some 
4000km. 

The Home Office has agreed that any 
r.t.t.y. (radio-teleprinter) mod_e defined 
by CCIR documents may now be used 
by UK amateurs on any band wh~re 
r.t.t.y. is permitted. Among those takmg 
advantage of these new facilities are 
Peter Martinez, G3PLX, and Dave 
Wicks, G3YYD, who have developed a 
microprocessor-based system that 
meets CCIR Recommendation 4 76 
(known commercially as Spector, Sitar 
and Microtor etc). Their system, termed 
Amtor, is proving highly reliable over a 
200km path on 144MHz: 

In brief 
During 1978 the number of Australian 
amateur licences increased from 8483 to 
10587, of whom 5611 held 'full' licences, • 
2933 held 'limited' (Class B-type) 
licences and 2024 held the more recently 
introduced 'novice' licences .... Mem­
·bership of the New Zealand Association 
of Radio Transmitters increased from 
3175 to 3410 during 1978 .... The sixth 
Welsh Amateur Radio Convention will 

1t>e held on September 30 at Oakdale 
Community College, Blackwood, 
Gwent .... A Scottish VHF Convention 
is to be held on September 22 at Dundee 
Technical College, Dundee .... An 

· "EI!GI Convention 1979" is being held 
on October 14 at Ballymascanion House 
Hotel, Dundalk, Co Louth .... A "Jer­
sey Radio Convention" is at Ho_tel de 
France, St Saviour Road; St Heller on 
September 22-23 .... The RSGB HF 
Convention, announced for September 
15 in Birmingham had to be cancelled 
due to lack of support .... An amateur 
radio seminar is being held in the Palais 
des Expositions, Geneva on September 
22 as part of "Telecom 79" .... The 
Amateur Radio Retailers Association's 
national amateur radio exhibition will 
be at the Granby Halls, Leicester from 
November 8 to 10. 

PAT HAWKER, G3VA 

··~ 

·}-~r 
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Passive notch filters - 3 
How to design narrow-band filters for the range 1 to 1OOM Hz 

by G. Kalanit, B.Sc., M.I.E.E., Rediffusion Engineering Ltd 

Selecting the right type of filter for the 
particular job at ~and from the literature 
is laborious and time consuming . And 
little information is provided about design 
procedure and hardware. These articles 
provide design procedure and simple 
formulae by way of examples as well as 
hardware details . To simplify the 
description of the examples sufficient 
formulae and statements are given 
·without theoretical proof; normally 
theoretical and mathematical 
development is left to the end of each 
section . A bibliography accompanies this 
final part. 

THESE ARTICLES concentrate mainly 
on null-type notch filters derived from a 
prototype lattice or \Vheatstone bridge. 
At the notch frequency the arms of the. 

bridge are made to resonate into four 
equal resistances which perform a null 
of the bridge and no output of the 
frequency appears at the filter output. 
At all other frequencies the filter acts as 
an all-pass network. 

The lattice which possesses four 
resonant arms is a balanced type of 
network. In most practical applications 
an unbalanced or grounded form that 
employs only two resonant arms is 
preferred, achieved with a hybrid 
transformer. 

There are number of unbalanced 
configurations, all of which use the 
same hybrid transformer and the choice 
depends on the particular application at 
hand. The notations of the formulae 
refer always to th.e prototype lattice; 
thus the same set of formulae serve all 
the variations. 

Example 5: Helical resonator low-Z notch ·filter 
To avoid confusion in the present 
example the suffix o is dropped from fo 
and w0 ; instead f and ware used. 

A notch filter is required at f = 66MHz 
with 3dB bandwidth of f3 = 1MHz and · 
R5 = R = 75ohm. From equation 4-7 

R/2 75/2 
Lb/2=--=--=6pH. 

2'Trf3 2'IT 

To have small insertion loss, say of 1dB, 
2Ra is about 2Ra = 20ohm; hence 
Rb/2=2Ra/4=5ohm. From equation 4-
10, extra insertion loss is 

75+75 
75 + 75 + 20 °·88

--7
1dB. 

From equation 4-1 

2'IT66x6 
5 ""500. 

To achieve such a high Q a helical 
resonator is tried, described in 
references 15 to 17. In the present 
example a helical resonator in a square 
shield is used. From the nomogram, on 
page 502 of Handbook of Filter Syn­
thesis by A. I. Zverev (reference 3) a Q of 
500 is selected on the right hand side 
vertical scale. A square copper tubing of 
inside dimension 0.8 was available. 
Hence from the nomogram a straight 
horizontal line through Q = 500, shield 
size 0.8 gives a resonant frequency of 
about 100MHz, i.e. at foe.,;, lOOMHz the 
helical ·resonator behaves like a 

quarter-wave transmission line with the 
far end short-circuited and the near end 
open circuit. At lower frequencies the 
helical resonator is inductive; its react­
ance is 

I X=Z0tane j 5-1 

where Z0 is the characteristic imped­
anc.e of the helical resonator, 

e f 'IT d' =- .-ra 1ans 
foe 2 

5-2 

f is the notch frequency (66MHz), and foe 
the open-circuit resonance fre­
quency of the helical resonator 
(lOOMHz). 

66 'IT . . · .e = 
100

. 2= 1.037 radians 

To simply notation replace L/2 
by L. L/2 = L = 6J.LH. The character­
istic impedance of the helical reson­
ator is found from 

Thus 

z 2wL 
o e 
{ ·~e +tan e cos 

z _ 2(2'IT66) X 6 
0 t 1.037 

. 
2 03 

+tan 1.037 
cos 1. 7 

5-3 

873ohms. 

l 
Joining Z0 = 870ohms point on the left 

hand side scale of the nomograph with 
resonant frequ.ency 1 OOMHz, the result 
is a coil diameter of 0.6in and number of 
coil turns is 17. Also the wire gauge is 23 
(right hand side scale). A grooved cer­
amic coil former of diameter 0.6in was 
available and was wound with 15 turns 
of 23 s.w.g. tinned copper wire. Coil 
height was 0.7in. The coil was then 
fitted inside 1.4in long square copper 
tubing of inside dimension 0.8in, men­
tioned above. One end of the coil was 
soldered to the copper tubing. 

The measured foe of the helical 
resonator turned out to be foe= 96MHz. 
Re-calculating equations 5-2 and 5-3 
with 0 = 1.08 radians gives 
zo~750ohms, which closely agrees with 
the nomograph 15 turns point. To find 
the resonating capacitor 

1 
5-4 

C 2'IT66 X 75~anl.08 - 1.72pF 

2R0 .. 25 

---, 
I 
I 
I 

.!.stray 
'T"capacity 75 

I 
I 
I 

Fig. 5-l 

The practical notch is shown in Fig. 5-1, 
where the 3dB bandwidth is 1.1MHz at 
66MHz. 

The 18pF capacitor across 2Ra was 
found empirically to give minimum set­
ting of 2Ra = 25ohm and best notch 
rejection of -76dB. The function of the 
capacitor may be explained as balan­
cing the stray capacitance appearing 
across arm 'b' of the notch circuit. 

The hybrid transformer was the same 
as that shown in example 1. 

Derivation of foregoing formulae 
The 'helical resonator is a short­
circuited transmission line with its 
reactance given in equation 5-l. \Vhen 

i 
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X Helical resonator 
r .. z

0 
tan e Fig. 5-2 

r atW 

w 

I 
Series LC I 

\ }/ 

/Ki 
O='IT/2 radians, X= 00 and thus eoe ='IT/2. 
For O<'IT/2 the reactance is inductive, 
shown in reactance graph in Fig. 5-2. 
·From transmission line theory (see 
reference 7, pp.552/3) 

2'IT 
8=~x=~. x=wTx 

Hence for a transmission line whose 
length x equals quarter wavelength )..., 

2'1T )... 
8=~. 4='IT/2=80 c, 

and 

0 'ITTX f 
eoc = Woe Tx = foe 

As Boc='IT/2 

e f f 
-=-or e =-.'IT 12 
'IT/2. foe foe 

which is equation 5-2. 
At w the helical resonator 

approximates to reactance of slope S, 

5 
dx d(Z0 tan0) de 
dw d8 · dw 

From equation 5-2, 

Fig. 5-3 
9 Radians 

w J 
C 111} Equivalent to helical resonator 
L w ol fcequeod~ obout W 

with capacitance C. Thus x=wL-llwC 
and 

dx 1 
S= dw =L+ w2C 5-6 

Hence the helical resonator may be 
represented, at frequencies near w, by 
an equivalent . series LC circuit. The 
equivalent circuit of arm 'b' is shown in 
Fig. 5-3. 

For resonance at w, two conditions 
are to bernet 
• Reactance x=Z0 tan8 has to be can­
celled by negative reactance of small c, 
thus 

1/wL=x=Z0 tane, 5-7 

which proves equation 5-4. 
• Resonance at w also to occur with 
inductance L in series with capacitors c 
andC, 

viL=~+~ c c 
5-8 

Lis the inductance Lb/2 in equation 4-7 
for low Z notch. 
From equation 5-7 

1 2 Z0 tan8 
-=w .---
c w 

and from equation 5.-6 

Fig. 5-4 

75 -
25 

1 2 
c=(S-L) .w 
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75 -

Substituting both items in equation 5-8 
Z0 tan8 

w2L=(S-L)w2 +w2 
.---

w 

.·.2L=S+ Z0 tan8 
w 

Substitute S from equation 5-5 

ze 'IT/2 Z0 tan8 
2L=Z0 sec .-+---

Woe W 

=Z0 [(sec20)8 + tane] 

This proves equation 5-3. 

Switched notch filter 
The circuit of Fig. 5-1 was required to be 
switched between two adjacent car­
riers, the difference in frequencies being 
about 0.4MHz. A small bistable relay 
was employed, see Fig. 5-4. The 5pF 
trimmer was used to tune to the lower 
frequency first; then the 25pF trimmer 
used to tune the other frequency (see 
ref. 6). 

Example 6: Crystal low Z ·notch and bandpass 

Hence 5-5 

The slope at w may also be presented by 
a series circuit of inductance L in series 

This example, Figs. 6-1 and 6-2, was not 
a design effort, but rather an exercise to 
find out the usefulness of a . 3.5MHz 
crystal, which happened to be available, 
in a notch circuit (see also ref. 3). The 
hybrid transformer was similar to the 
one in Fig. 1-8, but with four bifilar 

0 
-3 

-10 

1}2=75 
-20 

-30 

-40 

-50 

dB 

L 
I 

windings ( 4 + 4 turns). 

To balance the notch Ra = Rb and 
Ca = Cb. From equation 4-7 (see also ref. 
13) 

---

2X75 -0.24H 
w3 2'IT100Hz 

3-5 FREQUENCY (MHZ) 

---- ,J 

~ £'3=100Hz 

\I t
20

,.10Hz 

'IL 
t40=Hz 

Fig. 6-1 Fig. 6-2 Response of notch 
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How to design narrow-band filters for the range 1 to 1OOM Hz 

by G. Kalanit, B.Sc., M.I.E.E., Rediffusion Engineering Ltd 

Selecting the right type of filter for the 
particular job at ~and from the literature 
is laborious and time consuming . And 
little information is provided about design 
procedure and hardware. These articles 
provide design procedure and simple 
formulae by way of examples as well as 
hardware details . To simplify the 
description of the examples sufficient 
formulae and statements are given 
·without theoretical proof; normally 
theoretical and mathematical 
development is left to the end of each 
section . A bibliography accompanies this 
final part. 

THESE ARTICLES concentrate mainly 
on null-type notch filters derived from a 
prototype lattice or \Vheatstone bridge. 
At the notch frequency the arms of the. 

bridge are made to resonate into four 
equal resistances which perform a null 
of the bridge and no output of the 
frequency appears at the filter output. 
At all other frequencies the filter acts as 
an all-pass network. 

The lattice which possesses four 
resonant arms is a balanced type of 
network. In most practical applications 
an unbalanced or grounded form that 
employs only two resonant arms is 
preferred, achieved with a hybrid 
transformer. 

There are number of unbalanced 
configurations, all of which use the 
same hybrid transformer and the choice 
depends on the particular application at 
hand. The notations of the formulae 
refer always to th.e prototype lattice; 
thus the same set of formulae serve all 
the variations. 

Example 5: Helical resonator low-Z notch ·filter 
To avoid confusion in the present 
example the suffix o is dropped from fo 
and w0 ; instead f and ware used. 

A notch filter is required at f = 66MHz 
with 3dB bandwidth of f3 = 1MHz and · 
R5 = R = 75ohm. From equation 4-7 

R/2 75/2 
Lb/2=--=--=6pH. 

2'Trf3 2'IT 

To have small insertion loss, say of 1dB, 
2Ra is about 2Ra = 20ohm; hence 
Rb/2=2Ra/4=5ohm. From equation 4-
10, extra insertion loss is 

75+75 
75 + 75 + 20 °·88

--7
1dB. 

From equation 4-1 

2'IT66x6 
5 ""500. 

To achieve such a high Q a helical 
resonator is tried, described in 
references 15 to 17. In the present 
example a helical resonator in a square 
shield is used. From the nomogram, on 
page 502 of Handbook of Filter Syn­
thesis by A. I. Zverev (reference 3) a Q of 
500 is selected on the right hand side 
vertical scale. A square copper tubing of 
inside dimension 0.8 was available. 
Hence from the nomogram a straight 
horizontal line through Q = 500, shield 
size 0.8 gives a resonant frequency of 
about 100MHz, i.e. at foe.,;, lOOMHz the 
helical ·resonator behaves like a 

quarter-wave transmission line with the 
far end short-circuited and the near end 
open circuit. At lower frequencies the 
helical resonator is inductive; its react­
ance is 

I X=Z0tane j 5-1 

where Z0 is the characteristic imped­
anc.e of the helical resonator, 

e f 'IT d' =- .-ra 1ans 
foe 2 

5-2 

f is the notch frequency (66MHz), and foe 
the open-circuit resonance fre­
quency of the helical resonator 
(lOOMHz). 

66 'IT . . · .e = 
100

. 2= 1.037 radians 

To simply notation replace L/2 
by L. L/2 = L = 6J.LH. The character­
istic impedance of the helical reson­
ator is found from 

Thus 

z 2wL 
o e 
{ ·~e +tan e cos 

z _ 2(2'IT66) X 6 
0 t 1.037 

. 
2 03 

+tan 1.037 
cos 1. 7 

5-3 

873ohms. 

l 
Joining Z0 = 870ohms point on the left 

hand side scale of the nomograph with 
resonant frequ.ency 1 OOMHz, the result 
is a coil diameter of 0.6in and number of 
coil turns is 17. Also the wire gauge is 23 
(right hand side scale). A grooved cer­
amic coil former of diameter 0.6in was 
available and was wound with 15 turns 
of 23 s.w.g. tinned copper wire. Coil 
height was 0.7in. The coil was then 
fitted inside 1.4in long square copper 
tubing of inside dimension 0.8in, men­
tioned above. One end of the coil was 
soldered to the copper tubing. 

The measured foe of the helical 
resonator turned out to be foe= 96MHz. 
Re-calculating equations 5-2 and 5-3 
with 0 = 1.08 radians gives 
zo~750ohms, which closely agrees with 
the nomograph 15 turns point. To find 
the resonating capacitor 
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C 2'IT66 X 75~anl.08 - 1.72pF 
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Fig. 5-l 

The practical notch is shown in Fig. 5-1, 
where the 3dB bandwidth is 1.1MHz at 
66MHz. 

The 18pF capacitor across 2Ra was 
found empirically to give minimum set­
ting of 2Ra = 25ohm and best notch 
rejection of -76dB. The function of the 
capacitor may be explained as balan­
cing the stray capacitance appearing 
across arm 'b' of the notch circuit. 

The hybrid transformer was the same 
as that shown in example 1. 

Derivation of foregoing formulae 
The 'helical resonator is a short­
circuited transmission line with its 
reactance given in equation 5-l. \Vhen 
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O='IT/2 radians, X= 00 and thus eoe ='IT/2. 
For O<'IT/2 the reactance is inductive, 
shown in reactance graph in Fig. 5-2. 
·From transmission line theory (see 
reference 7, pp.552/3) 

2'IT 
8=~x=~. x=wTx 

Hence for a transmission line whose 
length x equals quarter wavelength )..., 

2'1T )... 
8=~. 4='IT/2=80 c, 

and 

0 'ITTX f 
eoc = Woe Tx = foe 

As Boc='IT/2 

e f f 
-=-or e =-.'IT 12 
'IT/2. foe foe 

which is equation 5-2. 
At w the helical resonator 

approximates to reactance of slope S, 

5 
dx d(Z0 tan0) de 
dw d8 · dw 

From equation 5-2, 

Fig. 5-3 
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C 111} Equivalent to helical resonator 
L w ol fcequeod~ obout W 

with capacitance C. Thus x=wL-llwC 
and 

dx 1 
S= dw =L+ w2C 5-6 

Hence the helical resonator may be 
represented, at frequencies near w, by 
an equivalent . series LC circuit. The 
equivalent circuit of arm 'b' is shown in 
Fig. 5-3. 

For resonance at w, two conditions 
are to bernet 
• Reactance x=Z0 tan8 has to be can­
celled by negative reactance of small c, 
thus 

1/wL=x=Z0 tane, 5-7 

which proves equation 5-4. 
• Resonance at w also to occur with 
inductance L in series with capacitors c 
andC, 

viL=~+~ c c 
5-8 

Lis the inductance Lb/2 in equation 4-7 
for low Z notch. 
From equation 5-7 

1 2 Z0 tan8 
-=w .---
c w 

and from equation 5.-6 

Fig. 5-4 
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Substituting both items in equation 5-8 
Z0 tan8 

w2L=(S-L)w2 +w2 
.---

w 

.·.2L=S+ Z0 tan8 
w 

Substitute S from equation 5-5 

ze 'IT/2 Z0 tan8 
2L=Z0 sec .-+---

Woe W 

=Z0 [(sec20)8 + tane] 

This proves equation 5-3. 

Switched notch filter 
The circuit of Fig. 5-1 was required to be 
switched between two adjacent car­
riers, the difference in frequencies being 
about 0.4MHz. A small bistable relay 
was employed, see Fig. 5-4. The 5pF 
trimmer was used to tune to the lower 
frequency first; then the 25pF trimmer 
used to tune the other frequency (see 
ref. 6). 

Example 6: Crystal low Z ·notch and bandpass 

Hence 5-5 

The slope at w may also be presented by 
a series circuit of inductance L in series 

This example, Figs. 6-1 and 6-2, was not 
a design effort, but rather an exercise to 
find out the usefulness of a . 3.5MHz 
crystal, which happened to be available, 
in a notch circuit (see also ref. 3). The 
hybrid transformer was similar to the 
one in Fig. 1-8, but with four bifilar 
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windings ( 4 + 4 turns). 

To balance the notch Ra = Rb and 
Ca = Cb. From equation 4-7 (see also ref. 
13) 
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2X75 -0.24H 
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Fig. 6-1 Fig. 6-2 Response of notch 
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-301---------~-----+---~------~ 

-401-----~-----+--~~---~ 
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Fig. 6-3 

Bandpass 
\Vhen Ra was removed from the circuit 
of Fig. 6-1 a bandpass response was 

. obtained. 
In the bandstop case with careful ad~ 

justment of C'a· thus balancing the 
parallel capacitance C' b of the crystal 
enabled an attenuation of -7dB to be 
obtained. 
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Appendix G. Derivation of the 
hybrid transformer from Wheat-
stone bridge · · 

Resistive bridge 
The Wheatstone bridge in Fig. G-1, re-drawri 
as a lattice in Fig. G-2, is re-drawn again to a 
tetrahedron shape in Fig. G-3 to show its 
three-fold symmetry. Each pair of non­
adjacent arms is called a conjugate pair (see 
reference 1). When the bridge is balanced, an 
e.m.f. produced in ahy arm will not induce 
any power in its conjugate arm. 

Thus, for an e.m.f. in arm 's', no voltage drop 
exists across 'r', i.e. V3 = V4, and the . arms 
resistance ratio is mln=Piq or pn=mq. G-1 

Similarly for the conjugate pair 'n', 'p'; an 
e.m.f. in 'n' produces no power 'p'. v1 = v3 
when s/m=q/r 
.·.sr=mq 
and from equation G-1 

I sr=mq=pn j G-2 

Equation G-2 provides the condition for the 
three conjugate pairs where each arm is 
isolated from its conjugate. For an e.m.f., say, 

3 

Fig.G-1 

Fig.G-2 
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4 

;--------
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in arm 's'; the power will be dissipated in 's' 
and its four adjacent arms, but none in 'r'. For 
maximum power transfer from 's' to the 
other arms; s=Z;0 in Fig. G-4, where 'Z;n'-is 
the input impedance. As no voltage appears 
across 3, 4, one can open-circuit or short­
circuit or put any load 'r~ and get the same 
result for 'Z;n '. 
For open-circuit 'r' condition, 

1 1 1 
-=--+---
~0 p+q m+n 

From equation G-2 

thus 

mq 
p=-

1 
-=---
Zmmq 

--+q n . 

s=~n 

n 

+ q+n 
m+n q(m+n) 

q(m+n) 

q.+n . 

From equations G-2, G-3 and Fig. G-4, 

Symmetrical' resistive bridge 

G-3 

The tetrahedron is made symmetrical about 
the vertical plane through nodes 1, 2 and 5 
which is the centre of arm 'r', by making 
p = m, and thus q = n. It is -shown iri Fig.-G-5, 
where from equation G-3; 
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1' 

4 

and from equation G-4 

m(n+m) mn 
r= =2.-- G-6 

m+n m+n 

Resistive hybrid transformer circuit 
The tetrahedron can now be divided into two 
equal halves with the aid of two ideal trans­
formers called hybrid transformers (see also 
references 20, 21). If the transformers shown 
in Fig. G-6 have the same ratio as the corres­
ponding arms 'm' and 'n', no voltage drop 
develops across 4 to 5 and across 5 to 3. Thus, 
the bridge balance remains, while the 
number of arms is reduced from total of six to 
four in each half. , 

'The left-hand side, re-drawn in Fig. G--7, 
provides the. general hybrid network, with ·. 
two conjugate pairs of arms (see also 
reference 21). 

From equation G-5 and G-6 2s = m + n-7 
series combination of m and n, and 
rl2=mn/(m+n)-7parallel combination of m 
and n. Thus, 2srl2=m.n are the two conju­
gate pairs G-7. If, for example; min= 2/1 and 
m is 30ohm, then n = 15ohm, 2s = 45ohm and 

30Xl5 
r/2=--=lOohm 

30+15 

The hybrid transformer turns ratio is 2:1. The 
power transmitted by an e.m.f. in any one 
arm is divided between the source and the 
other conjugate pair. Half is absorbed by the 
source while the other half is divided bet­
ween the arms of the other conjugate pair in 
the ratio of rh:n. Other equivalent configura­
tions to Fig. G-7 are shown below. 

In Fig. G-8 arm '2s' is transformed by the 
auto-transformer action of the hybrid from 
across nodes 1, 2 to 

Hybrid transformer circuits with complex 
imped3nce arms 
\Vhen m=n one recognises the hybrid trans­
formers employed in the above notch filters. 
The foregoing in this section describe the 
condition at null When the arms are resistive. 
When the reactive arms are not in resonance 
the condition of a constant resistive network 
is R2 =a . b wl\ete the source equals the load 
equals R. The configuration of Fig, G-1 may 
be drawn; as in Fig. G-12, with a hybrid 
transformer of turns ratio ~: 1. 

m 

Fig. G-8 
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This is possible because the voltage at point 5 
· is a constant at all frequencies due to the 

symmetrical relation R2 =a . b. By inspec­
tion, the voltages across arms 'b' are the 
inverse of the voltages across arms 'a', thus 
with variation of frequency, the voltage drop 
across nodes 3, 4 behaves like a 'see-saw•·, the 
fulcrum being node 5. The circuit of Fig. G-12 

·is divided into two equal halves of Fig. G-13 
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by the same process as that of Fig. G-5 to Fig: 
G-6. Thus the notch filters described in the 
above examples may be realised in any of the 
hybrid configurations shown in the 
remainder of the diagrams Figs. G-14 to G-19. 
Arms 'a' and 'b' rhay be interchanged. The 
·right hand side of Fig. G-13 is re-drawn in Fig. 
G-14. 

(See overleaf) 
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Bandpass 
\Vhen Ra was removed from the circuit 
of Fig. 6-1 a bandpass response was 

. obtained. 
In the bandstop case with careful ad~ 

justment of C'a· thus balancing the 
parallel capacitance C' b of the crystal 
enabled an attenuation of -7dB to be 
obtained. 
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Appendix G. Derivation of the 
hybrid transformer from Wheat-
stone bridge · · 

Resistive bridge 
The Wheatstone bridge in Fig. G-1, re-drawri 
as a lattice in Fig. G-2, is re-drawn again to a 
tetrahedron shape in Fig. G-3 to show its 
three-fold symmetry. Each pair of non­
adjacent arms is called a conjugate pair (see 
reference 1). When the bridge is balanced, an 
e.m.f. produced in ahy arm will not induce 
any power in its conjugate arm. 

Thus, for an e.m.f. in arm 's', no voltage drop 
exists across 'r', i.e. V3 = V4, and the . arms 
resistance ratio is mln=Piq or pn=mq. G-1 

Similarly for the conjugate pair 'n', 'p'; an 
e.m.f. in 'n' produces no power 'p'. v1 = v3 
when s/m=q/r 
.·.sr=mq 
and from equation G-1 

I sr=mq=pn j G-2 

Equation G-2 provides the condition for the 
three conjugate pairs where each arm is 
isolated from its conjugate. For an e.m.f., say, 
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in arm 's'; the power will be dissipated in 's' 
and its four adjacent arms, but none in 'r'. For 
maximum power transfer from 's' to the 
other arms; s=Z;0 in Fig. G-4, where 'Z;n'-is 
the input impedance. As no voltage appears 
across 3, 4, one can open-circuit or short­
circuit or put any load 'r~ and get the same 
result for 'Z;n '. 
For open-circuit 'r' condition, 

1 1 1 
-=--+---
~0 p+q m+n 

From equation G-2 

thus 
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--+q n . 
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From equations G-2, G-3 and Fig. G-4, 

Symmetrical' resistive bridge 

G-3 

The tetrahedron is made symmetrical about 
the vertical plane through nodes 1, 2 and 5 
which is the centre of arm 'r', by making 
p = m, and thus q = n. It is -shown iri Fig.-G-5, 
where from equation G-3; 
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and from equation G-4 

m(n+m) mn 
r= =2.-- G-6 

m+n m+n 

Resistive hybrid transformer circuit 
The tetrahedron can now be divided into two 
equal halves with the aid of two ideal trans­
formers called hybrid transformers (see also 
references 20, 21). If the transformers shown 
in Fig. G-6 have the same ratio as the corres­
ponding arms 'm' and 'n', no voltage drop 
develops across 4 to 5 and across 5 to 3. Thus, 
the bridge balance remains, while the 
number of arms is reduced from total of six to 
four in each half. , 

'The left-hand side, re-drawn in Fig. G--7, 
provides the. general hybrid network, with ·. 
two conjugate pairs of arms (see also 
reference 21). 

From equation G-5 and G-6 2s = m + n-7 
series combination of m and n, and 
rl2=mn/(m+n)-7parallel combination of m 
and n. Thus, 2srl2=m.n are the two conju­
gate pairs G-7. If, for example; min= 2/1 and 
m is 30ohm, then n = 15ohm, 2s = 45ohm and 

30Xl5 
r/2=--=lOohm 

30+15 

The hybrid transformer turns ratio is 2:1. The 
power transmitted by an e.m.f. in any one 
arm is divided between the source and the 
other conjugate pair. Half is absorbed by the 
source while the other half is divided bet­
ween the arms of the other conjugate pair in 
the ratio of rh:n. Other equivalent configura­
tions to Fig. G-7 are shown below. 

In Fig. G-8 arm '2s' is transformed by the 
auto-transformer action of the hybrid from 
across nodes 1, 2 to 

Hybrid transformer circuits with complex 
imped3nce arms 
\Vhen m=n one recognises the hybrid trans­
formers employed in the above notch filters. 
The foregoing in this section describe the 
condition at null When the arms are resistive. 
When the reactive arms are not in resonance 
the condition of a constant resistive network 
is R2 =a . b wl\ete the source equals the load 
equals R. The configuration of Fig, G-1 may 
be drawn; as in Fig. G-12, with a hybrid 
transformer of turns ratio ~: 1. 
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This is possible because the voltage at point 5 
· is a constant at all frequencies due to the 

symmetrical relation R2 =a . b. By inspec­
tion, the voltages across arms 'b' are the 
inverse of the voltages across arms 'a', thus 
with variation of frequency, the voltage drop 
across nodes 3, 4 behaves like a 'see-saw•·, the 
fulcrum being node 5. The circuit of Fig. G-12 

·is divided into two equal halves of Fig. G-13 
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by the same process as that of Fig. G-5 to Fig: 
G-6. Thus the notch filters described in the 
above examples may be realised in any of the 
hybrid configurations shown in the 
remainder of the diagrams Figs. G-14 to G-19. 
Arms 'a' and 'b' rhay be interchanged. The 
·right hand side of Fig. G-13 is re-drawn in Fig. 
G-14. 

(See overleaf) 
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Speaker directivit'( and 
SOUnd quality Continu~dfrom page 63 

which will be considered in more detail 
later in the contribution. 

There are no single unit loudspeakers 
that cover the whole of the audio 
frequency range in a fashion that is 
acceptable in the hi-fi field, two, three, 
four or more units being employed to 
achieve a flat frequency response. The 
diaphragm diameter of the unit is de­
creased as the frequency range covered 
by the unit is increased. Currently a lOin 
or 12in unit may be used to cover the 
range up to about 7_00/lOOOHz, a 3in or 
4in diameter unit used to deal with the 
band between 800Hz and perhaps 
4000Hz with a lin or ll!2in diameter unit 

used to radiate the signal in the band 
above 4000Hz. In some more elaborate 
systems a super tweeter may be 
employed to extend the frequency 
range beyond 18 to 20kHz. 

To a first approximation the use of 
three or four units allows the designer 
to adjust the "Q" /frequency relation by 
approximate choice of the frequencies 
chosen from the crossover points. How­
ever the speaker system designer does 
not have complete freedom to adjust 
the "Q" in this way for the choice of 
changeover frequencies is primarily 
controlled by the usable frequency 
range of each of the speaker units. · 
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All domestic multiple-unit types of 
loudspeaker systems have generally 
similar polar distribution, for this is 
basically controlled by well established 
·laws of physics. In the low frequency 
range the polar distribution is deter­
mined by the area of the front of the 
enclosure and the location of the 
speaker with respect to the walls and 
floor. At rather higher frequencies the 
polar distribution is controlled by the 
dimensions of the woofer cone, an in­
crease in cone diameter decreasing the 
solid angle into which the ·acoustic 
radiation is concentrated. In the mid­
frequency range the solid angle is again 
determined by the diameter of the mid­
range speaker cone with the frontal 
area of the enclosure having influence 

' that decreases with increase in 
frequency. 

In the frequency range radiated by 
the tweeter cone diameter is the major 
controlling factor, but some effects are 
controlled by the· enclosure geometry 
and the contours of the cabinet edges. 
Thus all multiple unit systems have a 
"Q" /frequency relation much as 
outlined in Fig. 3. Changing the cone 
and cabinet dimensions merely shifts 
the boundary region up and down the 
frequency scale without changing the 
general shape of the curves. 

Sound power output 
Lack of data on the "Q" of domestic 
loudspeakers is largely due to the diffi­
culty there is in measuring the 
parameter. There is a British Standard 
in preparation that covers the method 
of measuring "Q" and "DI" but the 
technique described is really only of 
academic importance. A measurement 
of · "Q" requires that the sound power 
output of the loudspeaker is deter­
mined, together with a measurement of 
the sound pressure level at a point one 
or two metres from the speaker arid on 
its axis. Suitable techniques will be 
described in a later contribution. 

This article can be summarised as 
suggesting that the polar distribution of 
sound energy round a loudspeaker has a 
more important effect on sound quality 
than a mere absence of top response at 
points of the axis of the loudspeaker. 
The ideal polar diagram would appear 
to confine the sound energy distribution 
ot something less than ± 90 degrees in 
front of the loudspeaker but it is equally 
important that the angular distribution 
should not vary with frequency, parti­
cularly at frequencies above about 
500Hz. At present this is an ideal that 

· cannot be achieved but there are signs 
that technical skill may circumvent the 
apparent limitation imposed by basic 
physicallaws. o 

In a later article the author will discuss 
a new technique for measuring the 
sound power output from loudspeakers. 
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Viewdata (Prestel) 
keyboard 
Interfacing and editing specifica­
tions defined by the Post Office 
for its Prestel information retrie­
val service are met by the latest 
keyboard from Cherry Electrical 
Products, and the keyboard also 
fulfils the need for the control 

. keys to deliver two codes rather 
than one, which is one of Pres tel's 
departures from the norm. The 
unit is designed to plug into a 
television display unit directly 
via a 5 pin DIN plug, and an 
additional V24 interface socket 
has been provided at the back of 
the unit to make possible the 
transmission and reception of 
data from the central Prestel 
computer, using a standard Post 
Office modem. A nine-key pad 
provides functions such as nor­
mal or double height characters 
and continuous or single 
graphics and further keys pro­
vide clear, start and end func­
tions. Cursor control is also 
available as well as the option of 
flash or steady display. Serial 
output data is released from the 
keyboard at a crystal-controlled 
rate of 75 baud, which means that 
the fast typing rates which can be 
achieved can out-pace the rate at 
which data is assimilated. An 
internal store of 64 characters 
prevents any loss of data under 

'these conditions. The keyboard 
costs £175 without case. Cherry 
Electrical Products Ltd, St 
Albans Rd, Sandridge, _Herts AL4 
9BP. 

WW301 

Valve audio 
amplifiers 
With the exception of the pre­
amplifier for magnetic cartridge 
and the headphone amplifier 
circuits, which are entirely solid 
state, the B.A.S. Sound power 
amplifier model P50 and pream­
plifier model P500 feature fully 
valved circuits producing two 
outputs of 50W (continuous. sine 
wave) into 8SG loads. The makers 
point out that, unlike the techni­
que used in many stereo audio 
systems, where two amplifiers 
are employed in a single inte­
grated "package", this combina­
tion uses two independently­
powered identical mono 
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NEW PRODUCTS 

amplifiers, the main aim here 
being to limit intermodulation 
distortion to a minimum level. 
Signal amplifying stages use 
familiar valves such as the 
ECC82, the ECC83 and the Z729, 
while the output stages use KT88 
power tetrodes in class AB. The 
frequency response of both pre­
amplifiers and power amplifiers is 
20Hz to 20kHz ± 1dB with a 
phono overload level of + 48dB at 
1kHz. Switched input capacit­
ance (six values) permits a selec­
tion of magnetic cartridges to be 
used with the preamplifiers. 
Thermal protection is provided, 
excessive operating temperature 

WW301 

WW302 

being indicated by a failure lamp 
and automatic full channel 
switch-off. An optional moving­
coil cartridge preamplifier is also 
available and a monitoring 
facility is provided in the form of 
a power meter for each channel, 
indicating average output power. 
The amplifiers can be rack­
mounted and presentation is 
similar to that of many transistor 
amplifiers. The complete system 
is claimed to have an unusually 
high standard ofmechanical and 
electrical engineering. Beard 
Audio Systems Ltd, 98a Oakland 
Grove, London W12 OJB. 
WW302 

Dual tone bandpass 
filters 
The AF121 and AF122 are dual 
tone multi-frequency bandpass 
filters intended for use with 
digital tone detection circuits, a 
possible application being tone 
detection in telepho.ne circuits. 
These filters are intended to 
replace discrete designs without 
requiring additional external 
components or adjustments. Two 
bands are covered, the AF121, 
separating frequencies between 
697Hz and 941Hz from other 
signals, and the AF122, func­
tioning in the same way for 

. frequencies between 1209Hz and 
1633Hz. Used together, the filter 

separation is 40dB; both filters 
are 6th order elliptic bandpass 
filters available in two versions, 
each with a different ripple level. 
Items with a "sCJ" suffix have a 
maximum passband ripple of 2dB 
peak-to-peak and those with a 
"iCJ" suffix a4dB ripple. National 
Semiconductor (UK) Ltd, 301 
Harpur Centre, Horne Lane, 
Bedford. 
WW303 

16-bit microproces­
sor evaluation board 
A fully assembled and tested . 
evaluation unit based on the 
Z8000 microprocessor is a vail­
able from Advanced Micro De­
vices. In its basic form the 
AMC96/4016 incorporates the 
Z8000 16-bit m.p.u., 8K bytes of 
r.a.m., 24 parallel il o lines, two 
RS232C serial i/o ports, 12K 
bytes of e.p.r.o.m./r.o.m. sockets 
in addition to a system clock and 
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which will be considered in more detail 
later in the contribution. 

There are no single unit loudspeakers 
that cover the whole of the audio 
frequency range in a fashion that is 
acceptable in the hi-fi field, two, three, 
four or more units being employed to 
achieve a flat frequency response. The 
diaphragm diameter of the unit is de­
creased as the frequency range covered 
by the unit is increased. Currently a lOin 
or 12in unit may be used to cover the 
range up to about 7_00/lOOOHz, a 3in or 
4in diameter unit used to deal with the 
band between 800Hz and perhaps 
4000Hz with a lin or ll!2in diameter unit 

used to radiate the signal in the band 
above 4000Hz. In some more elaborate 
systems a super tweeter may be 
employed to extend the frequency 
range beyond 18 to 20kHz. 

To a first approximation the use of 
three or four units allows the designer 
to adjust the "Q" /frequency relation by 
approximate choice of the frequencies 
chosen from the crossover points. How­
ever the speaker system designer does 
not have complete freedom to adjust 
the "Q" in this way for the choice of 
changeover frequencies is primarily 
controlled by the usable frequency 
range of each of the speaker units. · 
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All domestic multiple-unit types of 
loudspeaker systems have generally 
similar polar distribution, for this is 
basically controlled by well established 
·laws of physics. In the low frequency 
range the polar distribution is deter­
mined by the area of the front of the 
enclosure and the location of the 
speaker with respect to the walls and 
floor. At rather higher frequencies the 
polar distribution is controlled by the 
dimensions of the woofer cone, an in­
crease in cone diameter decreasing the 
solid angle into which the ·acoustic 
radiation is concentrated. In the mid­
frequency range the solid angle is again 
determined by the diameter of the mid­
range speaker cone with the frontal 
area of the enclosure having influence 

' that decreases with increase in 
frequency. 

In the frequency range radiated by 
the tweeter cone diameter is the major 
controlling factor, but some effects are 
controlled by the· enclosure geometry 
and the contours of the cabinet edges. 
Thus all multiple unit systems have a 
"Q" /frequency relation much as 
outlined in Fig. 3. Changing the cone 
and cabinet dimensions merely shifts 
the boundary region up and down the 
frequency scale without changing the 
general shape of the curves. 

Sound power output 
Lack of data on the "Q" of domestic 
loudspeakers is largely due to the diffi­
culty there is in measuring the 
parameter. There is a British Standard 
in preparation that covers the method 
of measuring "Q" and "DI" but the 
technique described is really only of 
academic importance. A measurement 
of · "Q" requires that the sound power 
output of the loudspeaker is deter­
mined, together with a measurement of 
the sound pressure level at a point one 
or two metres from the speaker arid on 
its axis. Suitable techniques will be 
described in a later contribution. 

This article can be summarised as 
suggesting that the polar distribution of 
sound energy round a loudspeaker has a 
more important effect on sound quality 
than a mere absence of top response at 
points of the axis of the loudspeaker. 
The ideal polar diagram would appear 
to confine the sound energy distribution 
ot something less than ± 90 degrees in 
front of the loudspeaker but it is equally 
important that the angular distribution 
should not vary with frequency, parti­
cularly at frequencies above about 
500Hz. At present this is an ideal that 

· cannot be achieved but there are signs 
that technical skill may circumvent the 
apparent limitation imposed by basic 
physicallaws. o 

In a later article the author will discuss 
a new technique for measuring the 
sound power output from loudspeakers. 
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tions defined by the Post Office 
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val service are met by the latest 
keyboard from Cherry Electrical 
Products, and the keyboard also 
fulfils the need for the control 

. keys to deliver two codes rather 
than one, which is one of Pres tel's 
departures from the norm. The 
unit is designed to plug into a 
television display unit directly 
via a 5 pin DIN plug, and an 
additional V24 interface socket 
has been provided at the back of 
the unit to make possible the 
transmission and reception of 
data from the central Prestel 
computer, using a standard Post 
Office modem. A nine-key pad 
provides functions such as nor­
mal or double height characters 
and continuous or single 
graphics and further keys pro­
vide clear, start and end func­
tions. Cursor control is also 
available as well as the option of 
flash or steady display. Serial 
output data is released from the 
keyboard at a crystal-controlled 
rate of 75 baud, which means that 
the fast typing rates which can be 
achieved can out-pace the rate at 
which data is assimilated. An 
internal store of 64 characters 
prevents any loss of data under 

'these conditions. The keyboard 
costs £175 without case. Cherry 
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Valve audio 
amplifiers 
With the exception of the pre­
amplifier for magnetic cartridge 
and the headphone amplifier 
circuits, which are entirely solid 
state, the B.A.S. Sound power 
amplifier model P50 and pream­
plifier model P500 feature fully 
valved circuits producing two 
outputs of 50W (continuous. sine 
wave) into 8SG loads. The makers 
point out that, unlike the techni­
que used in many stereo audio 
systems, where two amplifiers 
are employed in a single inte­
grated "package", this combina­
tion uses two independently­
powered identical mono 
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amplifiers, the main aim here 
being to limit intermodulation 
distortion to a minimum level. 
Signal amplifying stages use 
familiar valves such as the 
ECC82, the ECC83 and the Z729, 
while the output stages use KT88 
power tetrodes in class AB. The 
frequency response of both pre­
amplifiers and power amplifiers is 
20Hz to 20kHz ± 1dB with a 
phono overload level of + 48dB at 
1kHz. Switched input capacit­
ance (six values) permits a selec­
tion of magnetic cartridges to be 
used with the preamplifiers. 
Thermal protection is provided, 
excessive operating temperature 
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being indicated by a failure lamp 
and automatic full channel 
switch-off. An optional moving­
coil cartridge preamplifier is also 
available and a monitoring 
facility is provided in the form of 
a power meter for each channel, 
indicating average output power. 
The amplifiers can be rack­
mounted and presentation is 
similar to that of many transistor 
amplifiers. The complete system 
is claimed to have an unusually 
high standard ofmechanical and 
electrical engineering. Beard 
Audio Systems Ltd, 98a Oakland 
Grove, London W12 OJB. 
WW302 
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The AF121 and AF122 are dual 
tone multi-frequency bandpass 
filters intended for use with 
digital tone detection circuits, a 
possible application being tone 
detection in telepho.ne circuits. 
These filters are intended to 
replace discrete designs without 
requiring additional external 
components or adjustments. Two 
bands are covered, the AF121, 
separating frequencies between 
697Hz and 941Hz from other 
signals, and the AF122, func­
tioning in the same way for 

. frequencies between 1209Hz and 
1633Hz. Used together, the filter 

separation is 40dB; both filters 
are 6th order elliptic bandpass 
filters available in two versions, 
each with a different ripple level. 
Items with a "sCJ" suffix have a 
maximum passband ripple of 2dB 
peak-to-peak and those with a 
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evaluation unit based on the 
Z8000 microprocessor is a vail­
able from Advanced Micro De­
vices. In its basic form the 
AMC96/4016 incorporates the 
Z8000 16-bit m.p.u., 8K bytes of 
r.a.m., 24 parallel il o lines, two 
RS232C serial i/o ports, 12K 
bytes of e.p.r.o.m./r.o.m. sockets 
in addition to a system clock and 
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resident monitor. One serial i/o 
port can be configured as either 
an RS232C or t.t.y. current loop 
interface, the other is RS232C 
only. Two 16-bit counters in an 
"Am8253" counter /timer provide 
selectable baud rates, up to 9,600 
baud, for each serial if o port. The 
third 16-bit counter in the 
Am8253 is available for user pro­
grams. The complete unit will 
also directly control a standard 
c.r.t. terminal or a keyboard with 
a 20 character alphanumeric dis­
play; the latter is available as a 
part of the evaluation board. 
Optional features are also avail- · 
able includ~ng a full decoded 
keyboard, an e.p.r.o.m.-resident 
ASCII one-pass, line by line 
assembler, and a universal proto­
typing board of the same family 
form providing positions for up to 
_9_5 i.cs. A card enclosure for 

an unusual feature of the DRlOl 
general coverage communica­
tions receiver, now in production 
by the (American) McKay 
Dymek Co. Scanning occurs in 
100Hz tuning increments at rates 
varying between 100Hz per 
second and 2MHz per second. 
When a particular station or 
frequency is reached, scanning 
can be stopped and the station 
monitored. The receiver scans 
the frequency range in each 
reception mode; including a.m., 
s.s.b., c.w. and i.f. filter, the latter 
mode permitting use with either 
ceramic or mechanical filters. 
McKay Dymek Co., Ill So. Col­
lege Ave., P.O. Box 5000, Clare­
!llont, California, CA91711. 

WW305 

WW305 

WW307 
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ton, Taunton, Somerset T A28NQ 
at £25 for a single item l r £30 for · 
the stereo version. 
WW306 

Experimenter's solar 
cell 

mounting these additional 
boards is also available. The basic 
evaluation board, complete with 
monitor 4MHz crystal-controlled 
timebase costs £450. Advanced 
Micro Devices (UK) Ltd, 16 
Grosvenor Place, London SWlX 
7HH. 
WW304 

Scanning general 
coverage receiver 
Automatic scanning over the 
frequency range 50kHz to 
29. 7MHz at any desired speed is 

Instantaneous peak 
drive indicator 
Decreasing efficiencies of high­
quality loudspeaker systems 
means that amplifiers have to 
work harder to maintain 
adequate sound levels, with an 
attendant danger of being 
operated outside their ratings. 
Monitoring of excess output, 
which results in distortion, is · 
difficult without the use of a 
fast-acting indicator, such as an 
oscilloscope. John Linsley Hood 
has produced the JLH peak drive 
indicator, which surmounts the 
problem by the use of lamps to 

show the instantaneous output 
voltage of the amplifier. It is 
connected to the amplifier out­
put, which can be 4, 8 or 15!J 
depending on the version ord­
ered, and will indicate the drive 
voltage by one or other of the 
lamps lighting to indicate 1,3, 10 
or 30W. The actual measurem~nt 
is of peak-to-peak voltage swing, 
but since this is the limiting fac­
tor for transistor amplifiers, the 
reading is valid. The instruments 
are available from Robins (Elec­
tronics), Greenway, W. Monk-

Under good sunlight conditions· 
,the ESC3 solar cell from Ferranti 
is capable of providing 900mA at 
0.5V. This new cell has been in­
troduced with experimental and 
educational applications in view. 
.To this end, additional protection 
has been provided in the form of a 
tough case and a Fresnel lens 
which also acts as a light "collec­
tor". Short-circuiting the output 
will not damage the cell and it 
can be arranged in the usual 
series or parallel lines for higher 
voltage or current output. The 
ESC3 cell, which is 3in (76mm) in 
diameter, costs £12 on a one-off 
basis, the price falling to between 
£9 and £10 for quantities over 100. 
Ferranti Electronics Ltd, Fields 
New Rd, Chadderton, Oldham, 
Lanes, L9 8NP. 
WW307 

LEITER TO THE EDITOR 

STILL NO VHFiFM IN NEW ZEALAND 
Norman Mcleod's letter in your November 
1978 issue regarding a.m. broadcast reception 
raised a number of interesting points, which 
have particular relevance in this country, 
New Zealand, because we still do not have 
v.h.f. /f.m. radio. All sound broadcasting here 
is restricted to a.m. on the medium wave 
bands, apart from a very limited short wave 
service, which carries the internal service 
programmes anyway. Receivers such as J . W. 
Herbert's homodyne (which was developed 
here) and to which Mr McLeod referred, are 
essential to get any high quality broadcast 
signals to feed a domestic audio installation . 
Paradoxically, it has been variously es­
timated that there are already between 
20,000 and 100,000 f.m . receivers in New 
Zealand. (My household has 5!). 

The history of attempts to introduce f.m . 
radio to New Zealand is a sorry one of 

jifference, procrastination, and excuses, 
\ hich has not been h~ lp Pd by frequent 
political interference in broadcasting. 

The first event to impede the introduction 
of f.m. radio was an extremely short-sighted 
decision of the N.Z. Post Office to allocate 
most of the international f.m. band to two­
way radio / radio-telephone use . Although the 
Post Office were to have the band cleared by 
1980, they have now relaxed this to 1982! 

Subsequent events which have con­
tributed to the delays are the introduction of 
colour television, the estabishment and net­
working of a second government run tv 
channel throughout the country and, cur­
rently, a broadcasting financial crisis. 

A 1973 report which recommended the 
fragmentation of the one government 
broadca;;ting organization into four corpo­
rations contained an interesting reference to 
f.m. radio, which admitted its technical ad­
vantages, but dismissed it with the state­
ment, and I quote, "but the submissions to 
the committee did not reveal the existence as 
yet of any large body of opinion pressing for 
the change (from a.m. to f.m .)." Thus the 
public not only has to know about f.m. 
without having any transmissions to judge it 
by, it also has to take the initiative in 
showing the administrators of broadcasting 
the advantages of high quality transmission 
methods! 

F.m. radio has however always been a 
useful talking point! Several directors 
general of government broadcasting in New 
Zealand have publicly referred to f.m., one 
director general in 1975 even speaking of 
"f.m. within five years". The five years are 
almost up and there is not even a commit­
ment to start f.m. transmission yet! The need 
for f.m. outlets has become more acute with 
the present radio corporation's practice of 
using the one cultural network for sports 
broadcasts, pa rticularly during the summer 
months. When cricket commentaries are 
rebroadcast from Radio Australia , these 
often pre-empt regular programmes until 
well into the evening! 

Last year a combined government and 
' independent broadcasters committee pre­
pared a comprehensive report on f.m. broad­
casting, which was presented to the Minister 

of Broadcasting in October. I believe now 
that there will be no action on this report 
because of the financial crisis I mentioned 
previously. The finances of both government 
run tv channels are such that cost cutting 
and pruning is necessary, and even if there 
was motivation to start f.m. broadcast­
ing, there is no money to· do it! Unfortun­
ately, radio seems to have become the poor· 
relation of broadcasting. · 

Ironically, the government radio corpora­
tion, Radio New Zealand, and two of the 
private stations have stereo studio facilities. 
Radio New Zealand found that the overseas 
broadcasting organisations weren't inter­
ested in mono recordings of New Zealand 
programmes, a nd in order to send them 
overseas, programmes had to be recorded in 
stereo. So the tax dollars that support Radio 
New Zealand are helping overseas broadcas­
ting organizations, not the New Zealand ' 
listener who contributed them! 

I now realise that rigidly government 
controlled broadcasting, far from giving me 
and other users the protection and benefit of 
certain standards and services, is actually, by 
its clumsy and ponderous procrastination 
denying radio listeners any f.m. service at all. 
This service is available in most developed 
countries of the world. The introduction of 
f.m. radio in New Zealand remains where it 
has been for 15 years, bogged down in a 
morass of delays, obstruction, and excuses! 

Keith Macdonald ZL2A WM 
Silverstream 
New Zealand 
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10pmar 
· tnone 
cl~xe.rpr§~~~p. 
Fee?back to contain a lo~ m?re f~atures for your money. And you'd 

be nght- the SFG606 With Its cnsp frequency marker does just that. , 

It sweers up to 4 decades offrequency-bi -directionally. 
So you can avmd problems of transient effects. It maintains low 

signal distortion with ~bsolute precision over the entire sweep 

range . It features a chmce of decade or octave sweep- so it's ideal 

for narrow band analysis . It provides sine, square or triangle 
outputs over the frequency range O.O'lHz to lMHz. 

. And with that beautifully sharp, fine line frequency marker 

that gives you accurate determination of spot frequency on the 

display, the SFG606 really does score top marks. Read all about 

the SFG606 and aU its companion test instruments in the 
Feedback 600 range. Send to 
Feedback tor literature today. 

Or contact our distributors 

datrwplan 
PO. Box I Y, Orchard Road, 
Royston, Hens. sc;g 5HH . 
'lclcphone Royston 45145. 

Feedback 
lllstr:uments II 
Ltmtted • 
Feedback Instruments Ltd ., Park Road, 
Crowborough, Sussex T.:\6 2QR. 
"lelephonc: Crowborough (OHY26) 3322. 

Cables: Feedback Cmwhr. ' lclcx : Y5255 . 

The new SFG6o6 passes even the testiest tester's test. 

WW- 012 FOR FURTHER miT AILS 
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HIGH PERFORMANCE MODULAR UNITS . . 
BACKED BY NO-QUIBBLE 5 YEAR GUARANTEE 

30 WATTS1tM.S. 
INTO 8 OHMS 

PROFESSIONAL 
FINISH 

EXTRA RUGGED 
CONSTRUCTION 

ONLY 5 SIMPLE 
CONNECTIONS 

Of all the purpose-built power amplifier modules by I.L .P .. the HY50 is 
understandably the most popular with those wanting to build or up-grade a hi-fi 
system. run a small high quality P.A. system, amplify a musical instrument (say 
for practise or small range use) or use it for lab work. Its useful 30 watts RMS 
output into 8 ohms. its rugged construction and freedom from heatsink worries 
make HY50 the ideal all-purpose quality power amp - and it is unconditionally 
guaranteed for five years' Tens of thousands are in regular use throughout the 
world. 

.•.• and a spec that just means what it says! 
Encapsulated power amp with integral full-rated heatsink. 
Input- 500mV . 
Output 30 watts RMS/80 
Load Impedance- 4 to· 160 . 
Distortion- 0 .. 04% from 1 OOmW to 25 watts at 1 KHz/80 . 
Supply Voltage:'.- 25V. Size 105 x 50 x 25mm 

Inc. VAT and postage in U.K . £8.331 

Nothing has been overlooked in the design and manufacture of I.L .P. Modular 
Units . Heavy duty heatsinks, encapsulated circuitry , no-compromise product ion 
standards and true professional finish ensure world leadership for I. L. P. Now we 
have up-graded output ratings and down-graded prices to br in g I. L. P. within 
easier reach of all who want the best 

New production techniques have enabled us to reduce prices by an 
average of 20%, making I.L.P. a better buy than ever. 

*Guaranteed 7 days despatcir'on all products 

USE OUR FREE POST SERVICE 
for sending your orders, requests for information sheets , etc Simply address 
envelope. No stamps required. 

@ELECTRONICS LTD. 

FREEPOST 5, Graliam Bell House, Roper Close, CANTERBURY, 
Kent CT2 7EP. Phone (0227) 54778. 

ENCAPSULATED FOR 
OPTIMUM THERMAL 
STABIUTY 

OTHER UNITS IN THE RANGE 
All prices inc. VAT at 15% and postage in the U.K. 

HY5 PRE-AMPLIFIER 
Compatible with all I.LP. power amps and P.S.U .s In a 
single pack , needs external pots and switches. Multi-function 
equalization. 5 io1pu ts . High overl~ad marg in . Act ive tone 
controls. 500mV out . Distortion at 1 KHz-0 .01 % . Two 
connects easily for stereo . 

£5.34 
THE POWER AMPS 
W it h heatsinks. full load l1ne and thermal protection . 
Distortion typically 0 .05% at 1KHz · 

HY120 60WattsRMS/80 114x50 x85mm £17.48 
HY200 120 Watts RMS/8 {l 114 x 50 x 85mm £21.21 
HY400 24(1 Watts RM S /4 0 1 14 x 100 x 85mm £31.83 

THE POWER SUPPLY UNITS 
(Split line outputs to suit IL P. power units and HY5) 

PSU 50 for 1 or 2 x HY50 
PSU 70 for 1 or 2 x HY120 
PSU 90 for one HY200 
PSU180 for one HY400 or 2 x HY200 

lnformat1on sheets on applica(lon 
serv1ce. 

* ou·R VALUES REMAIN SUPREME! 

£9.32 
£15.65 
£15.65 

. £26.47 

Use our FREEPOST 

.-:--------------Please supply . . . . . . I 
I Total Purchase Price 1 
I 

I enclose Cheque n Postal Orders 0 Mciney Order 0 
Please debit my Access I Barclaycard Account number . I 

I Name and address 1 
1
1 

S1gnature I 
FP58 Ref . Bus . No . 1032630 Eng .... --------------ww - 030 FOR FURTHER DETAILS 
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8Blectroplan.is a member 
of the Electrocomponents 
CSro"pofCnmpanies. 

lnstnaneDt8froma-
That is just what we e<re sugg.es,ting. 
From JEI:ectroplan's "Measurement 
Centre" you can obtain, q~uicld'Y and 
eas·ily, the ma.jodty of equipment, tools 
and aecessQttes needed for your 
Laboratory·or Workshop. 
ffls simpllicity itse1f with Ele.ctfoplan. 
Just pre·pi:H~e your shopping list from 
our comprehensive product catalogue. 
and then write. telephanJ! or tele" your 
or~er for immediate processing. You 
will be amazed at th~ tirne and nioney 
~'Y~d in order ~dministration thr()ugn 
buytng everytbJ;n;g ftQm one source. 

lfyou pre~r literally, to go.shopping, 
why not bnng yotttr order to ou.r new 
premises at .R:oystan, an,eas.y drive 
Ntortk £rom London with na parking 
Jltoblems, or 50 m~i:nutes on tFte train 
from .:K1ngs Cross. (We are just 5 
<rninutes walk £rom Royston S:tation). 

Our Headquarters staff will be pleased 
to s~ow you equipment, discuss your 
application and process your order on 
the spot. 

Yes, ies better than the best super* 
marK.e't Eacb product carefully £h.osen 
after evaluation of m~tn\Y allaflabte 
al'ternatiYes, adopting a "'nest bu:y" 
approach based upon prie~: 
performance ratio related to 
technical excellence, quality and after­
sales baek-up_ 

We st001t a:baut liOOO <l1£ilerent line 
items of equipment from over 3'0 
di£ferertt manufae;turers. 

May:b~ ¥"ou require a demonstration by 
a qualified saLes engineer? This can be 
arranged ~n your own premises and in 
c-.ontext w1tb your parttcular 
application. 

The filect~rlao sentlceincluites; 
Rec:barogeable power £Ources. callhration and potentiometTie, measurem·ent. Jl)(: 
power supptk-s. frequen~y meters, digitahnuitimetcrs-and panel metets. temperatu-re 
me~surenwnt, «>•nponent tcs~,and,gcne~al instrumentatton, bard ·cop~rrccotding, 
osc~Hoscop~. analn·s~c mulbm<Cters, stgnal S9,urces. lo~k test and comJH'lter 
permpherals. mstrumen11eads. tool<samdaetH~ssories . 

a service to measur:em:ant 
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Inc. VAT and postage in U.K . £8.331 

Nothing has been overlooked in the design and manufacture of I.L .P. Modular 
Units . Heavy duty heatsinks, encapsulated circuitry , no-compromise product ion 
standards and true professional finish ensure world leadership for I. L. P. Now we 
have up-graded output ratings and down-graded prices to br in g I. L. P. within 
easier reach of all who want the best 

New production techniques have enabled us to reduce prices by an 
average of 20%, making I.L.P. a better buy than ever. 

*Guaranteed 7 days despatcir'on all products 

USE OUR FREE POST SERVICE 
for sending your orders, requests for information sheets , etc Simply address 
envelope. No stamps required. 

@ELECTRONICS LTD. 

FREEPOST 5, Graliam Bell House, Roper Close, CANTERBURY, 
Kent CT2 7EP. Phone (0227) 54778. 

ENCAPSULATED FOR 
OPTIMUM THERMAL 
STABIUTY 

OTHER UNITS IN THE RANGE 
All prices inc. VAT at 15% and postage in the U.K. 

HY5 PRE-AMPLIFIER 
Compatible with all I.LP. power amps and P.S.U .s In a 
single pack , needs external pots and switches. Multi-function 
equalization. 5 io1pu ts . High overl~ad marg in . Act ive tone 
controls. 500mV out . Distortion at 1 KHz-0 .01 % . Two 
connects easily for stereo . 

£5.34 
THE POWER AMPS 
W it h heatsinks. full load l1ne and thermal protection . 
Distortion typically 0 .05% at 1KHz · 

HY120 60WattsRMS/80 114x50 x85mm £17.48 
HY200 120 Watts RMS/8 {l 114 x 50 x 85mm £21.21 
HY400 24(1 Watts RM S /4 0 1 14 x 100 x 85mm £31.83 

THE POWER SUPPLY UNITS 
(Split line outputs to suit IL P. power units and HY5) 

PSU 50 for 1 or 2 x HY50 
PSU 70 for 1 or 2 x HY120 
PSU 90 for one HY200 
PSU180 for one HY400 or 2 x HY200 

lnformat1on sheets on applica(lon 
serv1ce. 

* ou·R VALUES REMAIN SUPREME! 

£9.32 
£15.65 
£15.65 

. £26.47 

Use our FREEPOST 

.-:--------------Please supply . . . . . . I 
I Total Purchase Price 1 
I 

I enclose Cheque n Postal Orders 0 Mciney Order 0 
Please debit my Access I Barclaycard Account number . I 

I Name and address 1 
1
1 

S1gnature I 
FP58 Ref . Bus . No . 1032630 Eng .... --------------ww - 030 FOR FURTHER DETAILS 

WIRELESS WORLD, OCTOBER 1979 

8Blectroplan.is a member 
of the Electrocomponents 
CSro"pofCnmpanies. 

lnstnaneDt8froma-
That is just what we e<re sugg.es,ting. 
From JEI:ectroplan's "Measurement 
Centre" you can obtain, q~uicld'Y and 
eas·ily, the ma.jodty of equipment, tools 
and aecessQttes needed for your 
Laboratory·or Workshop. 
ffls simpllicity itse1f with Ele.ctfoplan. 
Just pre·pi:H~e your shopping list from 
our comprehensive product catalogue. 
and then write. telephanJ! or tele" your 
or~er for immediate processing. You 
will be amazed at th~ tirne and nioney 
~'Y~d in order ~dministration thr()ugn 
buytng everytbJ;n;g ftQm one source. 

lfyou pre~r literally, to go.shopping, 
why not bnng yotttr order to ou.r new 
premises at .R:oystan, an,eas.y drive 
Ntortk £rom London with na parking 
Jltoblems, or 50 m~i:nutes on tFte train 
from .:K1ngs Cross. (We are just 5 
<rninutes walk £rom Royston S:tation). 

Our Headquarters staff will be pleased 
to s~ow you equipment, discuss your 
application and process your order on 
the spot. 

Yes, ies better than the best super* 
marK.e't Eacb product carefully £h.osen 
after evaluation of m~tn\Y allaflabte 
al'ternatiYes, adopting a "'nest bu:y" 
approach based upon prie~: 
performance ratio related to 
technical excellence, quality and after­
sales baek-up_ 

We st001t a:baut liOOO <l1£ilerent line 
items of equipment from over 3'0 
di£ferertt manufae;turers. 

May:b~ ¥"ou require a demonstration by 
a qualified saLes engineer? This can be 
arranged ~n your own premises and in 
c-.ontext w1tb your parttcular 
application. 

The filect~rlao sentlceincluites; 
Rec:barogeable power £Ources. callhration and potentiometTie, measurem·ent. Jl)(: 
power supptk-s. frequen~y meters, digitahnuitimetcrs-and panel metets. temperatu-re 
me~surenwnt, «>•nponent tcs~,and,gcne~al instrumentatton, bard ·cop~rrccotding, 
osc~Hoscop~. analn·s~c mulbm<Cters, stgnal S9,urces. lo~k test and comJH'lter 
permpherals. mstrumen11eads. tool<samdaetH~ssories . 

a service to measur:em:ant 

WW- 094 FOR FURTHER DETAILS 
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·HI-FI "o·· 
DRIVE · 
UNITS · . 

Audax HD12 9025 £7.65 
Audax H013034H £12.75 
Audax HP11 P25EBC £6.65 
Audax HP20B25H4 £13.25 
Audax HD24S45C £20.50 
Baker Superb £25.00 
Castle Super BRS/00 £12.65 
Chartwell CEA205 r;" bass, matched 
pairs only 8 ohm ( :. ' r) £61.25 . 
Coles 4001 £7.65 
Coles 3000 £7.65 
Celestion HF 13Ct\) :: £8.45 
Celestion HF 20C''J £10.25 
Oalesford 010 tv -::er £8.45 
Dalesford 0301 1 ·· 5in £11.25 
Dalesford 05011 :.." 6V2in £12.25 
Oalesford 050 I 200 Bin £12.25 
Oalesford 0701250 1 Oin £22.25 
Dalesford ABR 1 Oin £10.25 
Oalesford 0100/310 12in £35.75 
Decca London horn £57.25 
Decca DK30 horn £43.75 
Decca CO I 1 000 I B £10.25 
EMI 14A/770 14in x 9in 

Bohm £19.50 
EMIBinx5indlc. 10watt. 

4ohm £4.05 
EMI Type 350 4 ohm £9.45 
lsophon KKBIB £8.15 
lsophoneKK1018 £8.45 
Jordan Watts Module £20.40 
Jordan Watts HF kit £9.15 
Jordan 50mm unit £24.50 
Jordan CB crossover (pair) £24.50 
Jordan Mono crossover (pair) £24.50 
Kef T27 £9.45 
KefB110 £12.00 
Kef B200 £13.25 
Kef B139 £27.00 
Kef DN13 £5.40 
Kef ON 1 2 £8.65 
Kef ON 22 (pair) £40.85 
Lowther PM6 £51.00 
Lowther PM 7 £88.45 
Peerless K010DT £10.50 
Peerless DT10HFC £10.50 
Peerless K040MRF £12.25 
Radford BD25 II T.B.A. 
Radford MD9 T.B.A. 
Radford MD6 T .B.A.· 
Radford FN81FN831 T.B.A. 

'Richard Allan DT20 £8.95 
Richard Allan DT30 £9.45 
Richard Allan CG8T £11.25 
Richard Allan CG 12T Super £25.30 
Richard Allan LPBB £11.75 
Richard Allan HP8B £17.60 
Richard Allan HP128 £28.40 
Seas H 107 £8.95 
Shackman Electrostatic, c/w polar 
network and crossover (pair) £130 
Tannoy DC386 15in £178.90 
TannoyDC29610in £107.35 

tmu 
. 5 Swan Street, 

Wilmslow,l Cheshire. 

PAGROUP& 
DISCO UNITS 

KITS FOR MAGAZINE DESIGNS etc. 
Baker Group 35 £15.451 Kits include drive un1ts, crossovers ," 

'Baker Group 50/12 £23.45 · BAFIIong fibre wool, etc, for a pair of 
Baker Group 50/ 1 5 £35.15 speakers. Carriage £3.75 
Celestion Powercell 121150 £56.50 
Celestion Powercell 151250 £69.25 Practical Hi-Fi and Audio PR09-TI 
Celestion G 12 I 50 Twin cone£15.95 (Rogers) Felt panels for PROg-TL 
Celestion G 12 I 80 Cambric . £6.72 plus£ 1 .60 carriage £138 

edge £20.25 Hi-Fi Answers Monitor (R.ogers) £146 
Celestion G 12180 Twin cone £19.75 Hi Fi News State of the Art (Atkinson) 
Celestion G 12 I 1 25 Cambric £182 

edge £35.10 Hi Fi News Miniline (Atkinson) £48 
Celestion G151100 Cambric (carriage £2.66) 

edge £31.95 Hi Fi for Pleasure Compact Monitor 
Celestion G 1 5 I 1 00 Twin (Coli oms) £115 

cone · 
Celestion G 18 I 200 
Celestion M H 1 000 
Fane Pop 40 
Fane Pop 50H 
Fane Pop 75 
Fane Pop 65 
Fane Pop 80 
Fane Pop 100 
Fane Guitar SOL 
Fane Guitar BOB 

·Fane Disco 80 
Fane PASO 
Fane Bass 85 
Fane Crescendo 1 2 E 
Fane Crescendo 1 5E 
Fane Crescendo 1 BE 
Fane J44 
Fane J1 04 
FaneJ73 
Fane HPX1 IHPX/2 

-.Fane HPX3A 
Fane HPX3B 
Goodmans SPA 
Goodmans 12P 
Good mans 1 2 PO 
Goodmans 12PG 
Goodmans 18P 
Goodmans Hifax 50HX 
Motorola Piezo horn 3V2in 
Motorola Piezo horn 2inx6in 
Richard Allan HOST 
Richard Allan HD10T 
Rir.hard HD12T 
Richard Allan HD15 
Richard Allan Atlas 1 5in 
Richard Allan Atlas 18in 

£32.25 
£53.25 
£15.95 
£12.50 
£13.80 
£19.70 
£21.25 
£25.50 
£41.80 
£26.10 
£27.15 
£27.15 
£26.10 
£34.00 
£57.50 
£74.50 
£94.75 

£6.90 
£14.85 
£10.90 

£3.45 
£5.60 
£4.55 
£5.05 

£21.00 
£23.95 
£22.65 
£48.45 
£21.85 

£8.50 
£12.25 
£17.00 
£18.50 
£24.45 
£43.40 
£75.00 
£90.00 

(carriage £5.25) 
Popular Hi-Fi Mini Monitor (Colloms) 

£74 
Popular Hi Fi Round Sound 

(Stephens) including complete 
cabinet kit £71 

Popular Hi-Fi (Jordan) £93 
plus (carriage £2.66) 

·Practical Hi-Fi & Audio BSC3 (Rogers) 
£65 

Practical Hi-Fi & Audio Monitor (Giles) 
£155 

Practical Hi-Fi & Audio Triangle 
(Giles) £99 

Practical Hi-Fi & Audio Mini Triangle 
(Giles) £108 

Wireless World Transmission Line 
(Bailey) KEF £122 

Wireless World Transmission Line 
(Bailey) RADFORD £184 

Hi-Fi News Tabor (Jones) with J4 bass 
units £60 

Hi-Fi News Tabor (Jones) with H4 
bass units £66 

Smart badges free with all above kits 
(to give that professional touch to 
your DIY speakers!). Send 50p for 
up to 6 reprints I construction de­
tails of above designs. 

CARRIAGE 8a INSURANCE 
Tweeters & Crossovers SOp each 
Speakers 4"-6V2" SOp each 
Speakers 1 0"-12" £1.00 each 
Speakers 12", 13" X 8" , 

14"X9" £1.75each 
Speakers 1 5" £2.75 each 
Speakers 1 8" £4.00 each 
Speaker kits £1.75 each' 

£3.00 pair 
Mag . design kits £3.75 pair 

-PRICES CORRECT AT 18.6. 79 

ALL PRICES INCLUDE VAT@ :15% 

WIRELESS WORLD, .OCTOBER 1979 

SPEAKER 
KITS 

PRICES PER PAIR­
CARRIAGE £2.66 

Dalesford System 1 
Dalesford System 2 
Dalesford System 3 
Dalesford System 4 
Dalesford System 5 
Dalesford System 6 
EagleSK210 
Eagle SK215 
Eagle SK320 

·,Eagle SK325 

£54 
£57 

£104 
£110 
£142 

£95 
£17.60 
£32.60 
£40.80 
£68.50 
£93;00 Eagle SK335 

Goodmans DIN 20 4 ohm (special 
offer) 

LS3 I 5A equivalent kit 
Lowther PM6 kit 
Lowther PM6 Mk 1 kit 
Lowther PM 7 kit 
Peerless 1070 
Peerless 11 20 
Peerless 2050 
Peerless 2060 
Radford Studio 90 kit 
Radford Monitor 180 kit 
Radford Studio 270 kit 
Radford Studio 360 kit 

£27.60 
£71 

£105.30 
£110.40 
£176.85 
£124.70 
£142.10 

£51.10 
£67.40 

£184 
£218 
£350 
£440 

Ram Kit 50 (makes RAM 1 00) 
£71.50 

Richard Allan Tango Twin kit £49.00 
Richard Allan Maramba kit £69.00 

· Richard Allan Charisma kit £101.20 
Richard Super Triple kit £81.70 
Richard Allan RA8 kit £52.65 
Richard Allan RA82 kit £83.30 
Richard Allan RA82L kit £89.90 
Seas 223 £40.85 
Seas 253 £63.10 
Seas 403 £76.60 
Seas 603 £122.60 
Wharfedale Denton XP2 kit £31.45 
Wharfedale Shelton XP2 kit £40.40 
Wharfedale Linton XP2 kit £56.20 · 
Wharfedale Glendale XP2 kit £69.00 

Everything in stock for the 
speaker constructor! 
BAF, Long Fibre Wool, Foam, 

· Crossovers , Felt Panels, Com­
ponents, etc. 
Large selection of grille fabrics. 
(Send 18p in stamps for grille 
fabric samples) . 

Send 30p stamp for free 38 page 
catalogue 'Choosing a Speaker' 

Telephone Speakers, Mail Order and Export 
; 0625 529599 

Hi-Fi: (Swift of Wilmslow) 0625 526213. I WILMSLUW 
ffi00[[)0([) 

. The firm for Speakers = Lightning service on telephoned credit card orders! j!:!J ; Swan Works, Bank Square, 

. Wilmslow, Cheshire. 

WW-081 FOR FURTHER DETAILS 

WIREL~SS WORLD, OCTOBER 1979 

Cambridge Learning Enterprises 
SELF-INSTRUCTION COURSES 

UNDERSTANDING DIGITAL ELECTRONICS 
In the years ahead the products of digital electronics technology 
will play an important part in your life. Calculators and digital wat­
ches are already commonplace. Tomorrow a digital display could 
show your vehicle speed and fuel consumption; you could be 
'phoning people by entering their name into a telephone which 
would automatically look up their number and dial it for you. 

These courses were written by experts in electronics and learn­
ing systems so that you could teach yourself the theory and ap­
plication of digital logic. Learning by self-instruction has the ad­
vantages of being faster and more thorough than classroom learn­
ing. You work at your own pace and must respond by answering 
questions on each new piece of information before proceeding. 

After completing these courses you will have broadened your 
career prospects and increased your fundamental understanding 
of the rapidly changing technological world around you. 

Digital Computer Logic and Electronics is designed for the beginner. No 
mathematical knowledge other than simple arithmetic is assumed, though 
the student should have an aptitude for logical thought. it consists of four 
vol~,;mes - each A4 size - and serves as an introduction to the subject of 
digital electronics. Everyone can learn from it · designer, executive, 
scientist, student, engineer. 

Contents include: Binary, octal and decimal number systems; conversion 
betweem number systems, AND, OR, NOR and NAND gates and inverters; 
Boolean algebra and truth tables; De Morgans Laws; design of logic circuits 
using NOR gates; R-S and J-K flip flops; binary counters, shift registers and 
half adders. 

FLOW CHARTS & ALGORITHMS help you present: 
safety procedures, government legislation, office 
procedures, teaching materials and computer programs 
by means of YES and NO anwsers to questions. 

The Algorithm Writer·s Guide 
explains how to: define the questions, put them in the 
best ord~r and draw the flow chart, with numerous 
examples shown. All that students require is an aptitude 
for logical thought. Size: A5, 130 pages. This book is a 
MUST for those with things to say. 

if! fr f li i! l r! ff f iff r rrF ff F iff tff f f f r if r f f i! n r rf f r~ ~~~~~iff' f f 1ff f f ff fff' f i 1 fr r rr f 1 r r r fr r rr ~' f! 
4 ~ . 

NEW from CambriGige lt.earning Enterprises 

• •0- L~VEL ENGLISH LANGUAGE 
More and more jobs require a C-GRADE PASS, and over 
250,000 people fail to get this every year. Will one of them be in 
your family? This new course, written by experts in a style 
that's serious yet fun to read, shows you how to mark your own 
work and compare it with the work of other people in their 
exam year. Set your own pace and assess your results 
immediately with no postal delays: watch your speed and 
standards improve. In Book I learn how you will be marked on 
COMPREHENSION, Book 2 covers SUMMARY, 
PUNCTUATION & SPELLING, and Book 3 coaches you in 
the principles of COMPOSITION . Size: 3 A4 volumes totalling 
250 pages. 

CAMBRIDGE LEARNING ENTERPRISES, UNIT 33 
RIVERMILL SITE, FREEPOST, ST. IVES, HUNTINGDON, 
CAMBS. PE 17 4BR, ENGLAND 
TELEPHONE: ST. IVES (0480) 67446 . 
PROPRIETORS: DAYRIDGE LTD. REG OFFICE : RIVERMILL LODGE. ST. IVES 

REGD . IN ENGLAND No. 1328762 

Design of Digital Systems is written for the engineer seeking to learn more 
about digital electronics. Its six volumes- each A4 size are l?acked with infor­
mation; diagrams and questions designed to lead you step-by-step through 
number systems and Boolean algebra to memories, counters and simple 
arithmetic circuits, and finally to a complete understanding of the design and 
operation of calculators and computers. Contents include: 
Book 1 Octal, hexadecimal and binary number systems; conversion bet­
ween number systems; representation of negative numbers; complementary 
systems; binary muttiplication and division . 
Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, NAND. 
NOR and exclusive-NOR functions; multiple input gates; truth tables; De 
Morgans Laws; canonical forms; logic conventions; Karnaugh mapping; 
three-state and wired logic. 
Book 3 Half adders and full adders; subtractors; serial and parallel adders; 
processors and arithmetic logic units (ALUsl; multiplication and division 
systems. 
Book 4 Flip flops; shift registers; asynchronous and synchronous counters; 
ring, Johnson and exclusive-OR feedback. counters: random access 
memories (RAMs) and read only memories (ROMs). 
Book 5 Structure of calculators; keyboard encoding; decoding display data; 
register systems; control unit; program R<!>M; address decoding; instruction 

sets; instruction decoding; control programe structure. 
Book 6 Central processing unit (CPU); memory organization; character 
representation; program storage; address modes; input/ output systems; 
program interrupts; interrupt priorities; programming; assemblers; com­
puters; executive programs; operating systems and time sharing. 

Four volumes Digital Computer Logic & Electronics at £6.50 inc 
Six volumes Design of Digital Systems at £10.50 inc p & p 
Three volumes 0-Level English Language at £6.50 inc p & p 
The Algorithm Writer's Guide at £3.40 inc p & p 
If your order exceeds £14 deduct £2 from your payment 
Price includes surface mail anywhere in the world, airmail extra 
GUARANTEE If you are not entirely satisfied your money will b 
refunded Please allow 21 days for delivery 

Cambridge Learning Enterprises, Unit 33 , Rivermill Site, 
FREEPOST, St. ·lves, Huntingdon, c·ambs. PE17 4BR, 
England. 
Please send me the following books: 
..... sets Digital Computer Logic & Electronics at £6.50, p & p 
...... sets Design of Digital Systems at£10.50, p & p included 
. . ........ . 0-Level English Language at £6.50 p & p included 
........ The Algorithm Writer's guide at £3.40, p & p included 
Name -...... ,., ............. ... ...... .. ......... . .... . 
Address ................. . , ... .. ..... , ... . .. .. ....... . 

I enclose a *cheque/ PO payable to Cambridge Learning Enter­
prises for £ .......... 
Please charge my • Access/ Barclaycard/Visa/ Eurocard/ 
Mastercharge/lnterbank account number .. .. ... . ...... .. . . 
Signature ............ .. , ......... .. *delete as appropriate. 
Telephone orders from credit card holders accepted on 
0480-67446 (Ansafone). Overseas customers should send a 
bank draft in sterling drawn on a London Bank, or quote credit 
card number . 

-------~---- - --------
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·HI-FI "o·· 
DRIVE · 
UNITS · . 

Audax HD12 9025 £7.65 
Audax H013034H £12.75 
Audax HP11 P25EBC £6.65 
Audax HP20B25H4 £13.25 
Audax HD24S45C £20.50 
Baker Superb £25.00 
Castle Super BRS/00 £12.65 
Chartwell CEA205 r;" bass, matched 
pairs only 8 ohm ( :. ' r) £61.25 . 
Coles 4001 £7.65 
Coles 3000 £7.65 
Celestion HF 13Ct\) :: £8.45 
Celestion HF 20C''J £10.25 
Oalesford 010 tv -::er £8.45 
Dalesford 0301 1 ·· 5in £11.25 
Dalesford 05011 :.." 6V2in £12.25 
Oalesford 050 I 200 Bin £12.25 
Oalesford 0701250 1 Oin £22.25 
Dalesford ABR 1 Oin £10.25 
Oalesford 0100/310 12in £35.75 
Decca London horn £57.25 
Decca DK30 horn £43.75 
Decca CO I 1 000 I B £10.25 
EMI 14A/770 14in x 9in 

Bohm £19.50 
EMIBinx5indlc. 10watt. 

4ohm £4.05 
EMI Type 350 4 ohm £9.45 
lsophon KKBIB £8.15 
lsophoneKK1018 £8.45 
Jordan Watts Module £20.40 
Jordan Watts HF kit £9.15 
Jordan 50mm unit £24.50 
Jordan CB crossover (pair) £24.50 
Jordan Mono crossover (pair) £24.50 
Kef T27 £9.45 
KefB110 £12.00 
Kef B200 £13.25 
Kef B139 £27.00 
Kef DN13 £5.40 
Kef ON 1 2 £8.65 
Kef ON 22 (pair) £40.85 
Lowther PM6 £51.00 
Lowther PM 7 £88.45 
Peerless K010DT £10.50 
Peerless DT10HFC £10.50 
Peerless K040MRF £12.25 
Radford BD25 II T.B.A. 
Radford MD9 T.B.A. 
Radford MD6 T .B.A.· 
Radford FN81FN831 T.B.A. 

'Richard Allan DT20 £8.95 
Richard Allan DT30 £9.45 
Richard Allan CG8T £11.25 
Richard Allan CG 12T Super £25.30 
Richard Allan LPBB £11.75 
Richard Allan HP8B £17.60 
Richard Allan HP128 £28.40 
Seas H 107 £8.95 
Shackman Electrostatic, c/w polar 
network and crossover (pair) £130 
Tannoy DC386 15in £178.90 
TannoyDC29610in £107.35 

tmu 
. 5 Swan Street, 

Wilmslow,l Cheshire. 

PAGROUP& 
DISCO UNITS 

KITS FOR MAGAZINE DESIGNS etc. 
Baker Group 35 £15.451 Kits include drive un1ts, crossovers ," 

'Baker Group 50/12 £23.45 · BAFIIong fibre wool, etc, for a pair of 
Baker Group 50/ 1 5 £35.15 speakers. Carriage £3.75 
Celestion Powercell 121150 £56.50 
Celestion Powercell 151250 £69.25 Practical Hi-Fi and Audio PR09-TI 
Celestion G 12 I 50 Twin cone£15.95 (Rogers) Felt panels for PROg-TL 
Celestion G 12 I 80 Cambric . £6.72 plus£ 1 .60 carriage £138 

edge £20.25 Hi-Fi Answers Monitor (R.ogers) £146 
Celestion G 12180 Twin cone £19.75 Hi Fi News State of the Art (Atkinson) 
Celestion G 12 I 1 25 Cambric £182 

edge £35.10 Hi Fi News Miniline (Atkinson) £48 
Celestion G151100 Cambric (carriage £2.66) 

edge £31.95 Hi Fi for Pleasure Compact Monitor 
Celestion G 1 5 I 1 00 Twin (Coli oms) £115 

cone · 
Celestion G 18 I 200 
Celestion M H 1 000 
Fane Pop 40 
Fane Pop 50H 
Fane Pop 75 
Fane Pop 65 
Fane Pop 80 
Fane Pop 100 
Fane Guitar SOL 
Fane Guitar BOB 

·Fane Disco 80 
Fane PASO 
Fane Bass 85 
Fane Crescendo 1 2 E 
Fane Crescendo 1 5E 
Fane Crescendo 1 BE 
Fane J44 
Fane J1 04 
FaneJ73 
Fane HPX1 IHPX/2 

-.Fane HPX3A 
Fane HPX3B 
Goodmans SPA 
Goodmans 12P 
Good mans 1 2 PO 
Goodmans 12PG 
Goodmans 18P 
Goodmans Hifax 50HX 
Motorola Piezo horn 3V2in 
Motorola Piezo horn 2inx6in 
Richard Allan HOST 
Richard Allan HD10T 
Rir.hard HD12T 
Richard Allan HD15 
Richard Allan Atlas 1 5in 
Richard Allan Atlas 18in 

£32.25 
£53.25 
£15.95 
£12.50 
£13.80 
£19.70 
£21.25 
£25.50 
£41.80 
£26.10 
£27.15 
£27.15 
£26.10 
£34.00 
£57.50 
£74.50 
£94.75 

£6.90 
£14.85 
£10.90 

£3.45 
£5.60 
£4.55 
£5.05 

£21.00 
£23.95 
£22.65 
£48.45 
£21.85 

£8.50 
£12.25 
£17.00 
£18.50 
£24.45 
£43.40 
£75.00 
£90.00 

(carriage £5.25) 
Popular Hi-Fi Mini Monitor (Colloms) 

£74 
Popular Hi Fi Round Sound 

(Stephens) including complete 
cabinet kit £71 

Popular Hi-Fi (Jordan) £93 
plus (carriage £2.66) 

·Practical Hi-Fi & Audio BSC3 (Rogers) 
£65 

Practical Hi-Fi & Audio Monitor (Giles) 
£155 

Practical Hi-Fi & Audio Triangle 
(Giles) £99 

Practical Hi-Fi & Audio Mini Triangle 
(Giles) £108 

Wireless World Transmission Line 
(Bailey) KEF £122 

Wireless World Transmission Line 
(Bailey) RADFORD £184 

Hi-Fi News Tabor (Jones) with J4 bass 
units £60 

Hi-Fi News Tabor (Jones) with H4 
bass units £66 

Smart badges free with all above kits 
(to give that professional touch to 
your DIY speakers!). Send 50p for 
up to 6 reprints I construction de­
tails of above designs. 

CARRIAGE 8a INSURANCE 
Tweeters & Crossovers SOp each 
Speakers 4"-6V2" SOp each 
Speakers 1 0"-12" £1.00 each 
Speakers 12", 13" X 8" , 

14"X9" £1.75each 
Speakers 1 5" £2.75 each 
Speakers 1 8" £4.00 each 
Speaker kits £1.75 each' 

£3.00 pair 
Mag . design kits £3.75 pair 

-PRICES CORRECT AT 18.6. 79 

ALL PRICES INCLUDE VAT@ :15% 

WIRELESS WORLD, .OCTOBER 1979 

SPEAKER 
KITS 

PRICES PER PAIR­
CARRIAGE £2.66 

Dalesford System 1 
Dalesford System 2 
Dalesford System 3 
Dalesford System 4 
Dalesford System 5 
Dalesford System 6 
EagleSK210 
Eagle SK215 
Eagle SK320 

·,Eagle SK325 

£54 
£57 

£104 
£110 
£142 

£95 
£17.60 
£32.60 
£40.80 
£68.50 
£93;00 Eagle SK335 

Goodmans DIN 20 4 ohm (special 
offer) 

LS3 I 5A equivalent kit 
Lowther PM6 kit 
Lowther PM6 Mk 1 kit 
Lowther PM 7 kit 
Peerless 1070 
Peerless 11 20 
Peerless 2050 
Peerless 2060 
Radford Studio 90 kit 
Radford Monitor 180 kit 
Radford Studio 270 kit 
Radford Studio 360 kit 

£27.60 
£71 

£105.30 
£110.40 
£176.85 
£124.70 
£142.10 

£51.10 
£67.40 

£184 
£218 
£350 
£440 

Ram Kit 50 (makes RAM 1 00) 
£71.50 

Richard Allan Tango Twin kit £49.00 
Richard Allan Maramba kit £69.00 

· Richard Allan Charisma kit £101.20 
Richard Super Triple kit £81.70 
Richard Allan RA8 kit £52.65 
Richard Allan RA82 kit £83.30 
Richard Allan RA82L kit £89.90 
Seas 223 £40.85 
Seas 253 £63.10 
Seas 403 £76.60 
Seas 603 £122.60 
Wharfedale Denton XP2 kit £31.45 
Wharfedale Shelton XP2 kit £40.40 
Wharfedale Linton XP2 kit £56.20 · 
Wharfedale Glendale XP2 kit £69.00 

Everything in stock for the 
speaker constructor! 
BAF, Long Fibre Wool, Foam, 

· Crossovers , Felt Panels, Com­
ponents, etc. 
Large selection of grille fabrics. 
(Send 18p in stamps for grille 
fabric samples) . 

Send 30p stamp for free 38 page 
catalogue 'Choosing a Speaker' 

Telephone Speakers, Mail Order and Export 
; 0625 529599 

Hi-Fi: (Swift of Wilmslow) 0625 526213. I WILMSLUW 
ffi00[[)0([) 

. The firm for Speakers = Lightning service on telephoned credit card orders! j!:!J ; Swan Works, Bank Square, 

. Wilmslow, Cheshire. 
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Cambridge Learning Enterprises 
SELF-INSTRUCTION COURSES 

UNDERSTANDING DIGITAL ELECTRONICS 
In the years ahead the products of digital electronics technology 
will play an important part in your life. Calculators and digital wat­
ches are already commonplace. Tomorrow a digital display could 
show your vehicle speed and fuel consumption; you could be 
'phoning people by entering their name into a telephone which 
would automatically look up their number and dial it for you. 

These courses were written by experts in electronics and learn­
ing systems so that you could teach yourself the theory and ap­
plication of digital logic. Learning by self-instruction has the ad­
vantages of being faster and more thorough than classroom learn­
ing. You work at your own pace and must respond by answering 
questions on each new piece of information before proceeding. 

After completing these courses you will have broadened your 
career prospects and increased your fundamental understanding 
of the rapidly changing technological world around you. 

Digital Computer Logic and Electronics is designed for the beginner. No 
mathematical knowledge other than simple arithmetic is assumed, though 
the student should have an aptitude for logical thought. it consists of four 
vol~,;mes - each A4 size - and serves as an introduction to the subject of 
digital electronics. Everyone can learn from it · designer, executive, 
scientist, student, engineer. 

Contents include: Binary, octal and decimal number systems; conversion 
betweem number systems, AND, OR, NOR and NAND gates and inverters; 
Boolean algebra and truth tables; De Morgans Laws; design of logic circuits 
using NOR gates; R-S and J-K flip flops; binary counters, shift registers and 
half adders. 

FLOW CHARTS & ALGORITHMS help you present: 
safety procedures, government legislation, office 
procedures, teaching materials and computer programs 
by means of YES and NO anwsers to questions. 

The Algorithm Writer·s Guide 
explains how to: define the questions, put them in the 
best ord~r and draw the flow chart, with numerous 
examples shown. All that students require is an aptitude 
for logical thought. Size: A5, 130 pages. This book is a 
MUST for those with things to say. 

if! fr f li i! l r! ff f iff r rrF ff F iff tff f f f r if r f f i! n r rf f r~ ~~~~~iff' f f 1ff f f ff fff' f i 1 fr r rr f 1 r r r fr r rr ~' f! 
4 ~ . 

NEW from CambriGige lt.earning Enterprises 

• •0- L~VEL ENGLISH LANGUAGE 
More and more jobs require a C-GRADE PASS, and over 
250,000 people fail to get this every year. Will one of them be in 
your family? This new course, written by experts in a style 
that's serious yet fun to read, shows you how to mark your own 
work and compare it with the work of other people in their 
exam year. Set your own pace and assess your results 
immediately with no postal delays: watch your speed and 
standards improve. In Book I learn how you will be marked on 
COMPREHENSION, Book 2 covers SUMMARY, 
PUNCTUATION & SPELLING, and Book 3 coaches you in 
the principles of COMPOSITION . Size: 3 A4 volumes totalling 
250 pages. 

CAMBRIDGE LEARNING ENTERPRISES, UNIT 33 
RIVERMILL SITE, FREEPOST, ST. IVES, HUNTINGDON, 
CAMBS. PE 17 4BR, ENGLAND 
TELEPHONE: ST. IVES (0480) 67446 . 
PROPRIETORS: DAYRIDGE LTD. REG OFFICE : RIVERMILL LODGE. ST. IVES 

REGD . IN ENGLAND No. 1328762 

Design of Digital Systems is written for the engineer seeking to learn more 
about digital electronics. Its six volumes- each A4 size are l?acked with infor­
mation; diagrams and questions designed to lead you step-by-step through 
number systems and Boolean algebra to memories, counters and simple 
arithmetic circuits, and finally to a complete understanding of the design and 
operation of calculators and computers. Contents include: 
Book 1 Octal, hexadecimal and binary number systems; conversion bet­
ween number systems; representation of negative numbers; complementary 
systems; binary muttiplication and division . 
Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, NAND. 
NOR and exclusive-NOR functions; multiple input gates; truth tables; De 
Morgans Laws; canonical forms; logic conventions; Karnaugh mapping; 
three-state and wired logic. 
Book 3 Half adders and full adders; subtractors; serial and parallel adders; 
processors and arithmetic logic units (ALUsl; multiplication and division 
systems. 
Book 4 Flip flops; shift registers; asynchronous and synchronous counters; 
ring, Johnson and exclusive-OR feedback. counters: random access 
memories (RAMs) and read only memories (ROMs). 
Book 5 Structure of calculators; keyboard encoding; decoding display data; 
register systems; control unit; program R<!>M; address decoding; instruction 

sets; instruction decoding; control programe structure. 
Book 6 Central processing unit (CPU); memory organization; character 
representation; program storage; address modes; input/ output systems; 
program interrupts; interrupt priorities; programming; assemblers; com­
puters; executive programs; operating systems and time sharing. 

Four volumes Digital Computer Logic & Electronics at £6.50 inc 
Six volumes Design of Digital Systems at £10.50 inc p & p 
Three volumes 0-Level English Language at £6.50 inc p & p 
The Algorithm Writer's Guide at £3.40 inc p & p 
If your order exceeds £14 deduct £2 from your payment 
Price includes surface mail anywhere in the world, airmail extra 
GUARANTEE If you are not entirely satisfied your money will b 
refunded Please allow 21 days for delivery 

Cambridge Learning Enterprises, Unit 33 , Rivermill Site, 
FREEPOST, St. ·lves, Huntingdon, c·ambs. PE17 4BR, 
England. 
Please send me the following books: 
..... sets Digital Computer Logic & Electronics at £6.50, p & p 
...... sets Design of Digital Systems at£10.50, p & p included 
. . ........ . 0-Level English Language at £6.50 p & p included 
........ The Algorithm Writer's guide at £3.40, p & p included 
Name -...... ,., ............. ... ...... .. ......... . .... . 
Address ................. . , ... .. ..... , ... . .. .. ....... . 

I enclose a *cheque/ PO payable to Cambridge Learning Enter­
prises for £ .......... 
Please charge my • Access/ Barclaycard/Visa/ Eurocard/ 
Mastercharge/lnterbank account number .. .. ... . ...... .. . . 
Signature ............ .. , ......... .. *delete as appropriate. 
Telephone orders from credit card holders accepted on 
0480-67446 (Ansafone). Overseas customers should send a 
bank draft in sterling drawn on a London Bank, or quote credit 
card number . 

-------~---- - --------
WW064- FOR FURTHER DETAILS 
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G 
with the 8424 

c L R 

... . . connect 

read! 
As fast and as simple as that, for batch 

testing, laboratory use or instrument 
servicing. 

Accuracy 0 .25°/o over a wide 
measurement range. 

With its companion CA4 jig unit, the 8424 
Meter forms an easy-to-use L, C and A 

Component Test Station 
... and all for less than £600. 
Write or ring today for details 

Wayne Kerr 
WILMOT BREEDEN ELECTRONICS LIMITED 

DURBAN ROAD BOGNOR REGIS . WEST SUSSEX 
P022 9RL ENGLAND 
TELEPHONE BOGNOR (02433) 25811 
TELEX 86120 

AUSTRIA- Peerless & Handels-GmbH Tel : 0222 83 22 24 
BELGIUM - Regulalion-Mesure SPRL Tel : (010 32 2) 771.20.20 
ANLAND- F1nnmetnc OY Tel: 460844 
FRANCE - Tekelec-Airtron1c Tel : (Paris) 027.75.35 
GERMANY - Ke1thley Instruments GmbH Tel : (089) 7144065 
ITALY- lng.S & Dr. G. Belott1 SRL Tel : (Milan) 54.20.51 
NETHERLANDS - C N. Rood BV Tel : (070) 99.63.60 
NORWAY - Metric AS Tel : (02) 28-26-24 
SPAIN- Umtron1cs SA Tel: (Madnd) 242.5204 
SWEDEN - Scand1a Meine AB Tel : (Stockholm) 8204.10 
SWITZERLAND - G & P Electromcs AG Tel: (01) 64 .32.31 
U.S.A. - Mechan1cal Technology Inc, Latham, NY. Tel: (518) 785-2211 

WIRELESS WORLD. OCTOBER 1 9'79 

~EY,OARD TERMINAL 

The Newtronics Keyboard Terminal is a low cost stand alone Video Terminal 
that operates quietly and maintenance free. It will allow you to display on a 
monitor 161ines of 64 characters or 16 lines of 32 characters on a modified TV 
(RF Modulator required). 

The characters can be any of the 96 ASC11 alphanumerics and any of the 32 
special characters, in addition to upper-lower case capability it has scroll up 
features and full X-Y cursor control. All that is required from your microcom-­
puter is 300 baud. RS232-C or 20ma loop, serial data plus a power source of 
8v DC & 6.3v AC. The steel cabinet is finished in IBM Blue-Black. And if that is 
not enough the price is only £135.55 +VAT as a Kit, or £175 +VAT 
assembled and tested. Plus £2 P&P (Monitor not included) . 

Dealer O.E.M . enquires invited 

To order phone or write to: 

fi~UJ.illllilJS 
138 KINGSLAND ROAD, LONDON EZ 8BY 

TEL: 01-739 1582 
Access/ Barclaycards accepted 

. WW- 057 FOR FURTHER DETAILS · 

-- ----~- - -- -----------

Newnes 

Book of Audio! 

The Otari M)(5050B oosts littt:e 
more than moditied domestic 
recorders. That littte extra buys 

. so much more. 

1 j 'Proper editing facilities with 
calibrated splicing block . 

2. Four heads provide 2 or 4 · 
track replay. 

3. Bias and EO adjustable from 
front panel. . 

• I 

4· Sw1tchable NAB and IEC EO. 
5. XLR Connectors. 

6. +28 dBm 600 ohm 
balanced output. 

7. Direct drive capstan servo 
with varispeed. 

8. Variable or preset output 
level. ' 

9. 70 dB (weighted) 
signal/noise ratio. 

1 0. Sel ~ync on each channel. 

1-7 Harewood Avenue, Marylebone Road, London NW1. Tel: 01-724 2497. Telex: 21879. 
WW- 091 FOR FURTHER DETAILS 
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testing, laboratory use or instrument 
servicing. 

Accuracy 0 .25°/o over a wide 
measurement range. 

With its companion CA4 jig unit, the 8424 
Meter forms an easy-to-use L, C and A 

Component Test Station 
... and all for less than £600. 
Write or ring today for details 

Wayne Kerr 
WILMOT BREEDEN ELECTRONICS LIMITED 

DURBAN ROAD BOGNOR REGIS . WEST SUSSEX 
P022 9RL ENGLAND 
TELEPHONE BOGNOR (02433) 25811 
TELEX 86120 

AUSTRIA- Peerless & Handels-GmbH Tel : 0222 83 22 24 
BELGIUM - Regulalion-Mesure SPRL Tel : (010 32 2) 771.20.20 
ANLAND- F1nnmetnc OY Tel: 460844 
FRANCE - Tekelec-Airtron1c Tel : (Paris) 027.75.35 
GERMANY - Ke1thley Instruments GmbH Tel : (089) 7144065 
ITALY- lng.S & Dr. G. Belott1 SRL Tel : (Milan) 54.20.51 
NETHERLANDS - C N. Rood BV Tel : (070) 99.63.60 
NORWAY - Metric AS Tel : (02) 28-26-24 
SPAIN- Umtron1cs SA Tel: (Madnd) 242.5204 
SWEDEN - Scand1a Meine AB Tel : (Stockholm) 8204.10 
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U.S.A. - Mechan1cal Technology Inc, Latham, NY. Tel: (518) 785-2211 

WIRELESS WORLD. OCTOBER 1 9'79 

~EY,OARD TERMINAL 

The Newtronics Keyboard Terminal is a low cost stand alone Video Terminal 
that operates quietly and maintenance free. It will allow you to display on a 
monitor 161ines of 64 characters or 16 lines of 32 characters on a modified TV 
(RF Modulator required). 

The characters can be any of the 96 ASC11 alphanumerics and any of the 32 
special characters, in addition to upper-lower case capability it has scroll up 
features and full X-Y cursor control. All that is required from your microcom-­
puter is 300 baud. RS232-C or 20ma loop, serial data plus a power source of 
8v DC & 6.3v AC. The steel cabinet is finished in IBM Blue-Black. And if that is 
not enough the price is only £135.55 +VAT as a Kit, or £175 +VAT 
assembled and tested. Plus £2 P&P (Monitor not included) . 

Dealer O.E.M . enquires invited 

To order phone or write to: 

fi~UJ.illllilJS 
138 KINGSLAND ROAD, LONDON EZ 8BY 

TEL: 01-739 1582 
Access/ Barclaycards accepted 

. WW- 057 FOR FURTHER DETAILS · 

-- ----~- - -- -----------

Newnes 

Book of Audio! 

The Otari M)(5050B oosts littt:e 
more than moditied domestic 
recorders. That littte extra buys 

. so much more. 

1 j 'Proper editing facilities with 
calibrated splicing block . 

2. Four heads provide 2 or 4 · 
track replay. 

3. Bias and EO adjustable from 
front panel. . 

• I 

4· Sw1tchable NAB and IEC EO. 
5. XLR Connectors. 

6. +28 dBm 600 ohm 
balanced output. 

7. Direct drive capstan servo 
with varispeed. 

8. Variable or preset output 
level. ' 

9. 70 dB (weighted) 
signal/noise ratio. 

1 0. Sel ~ync on each channel. 

1-7 Harewood Avenue, Marylebone Road, London NW1. Tel: 01-724 2497. Telex: 21879. 
WW- 091 FOR FURTHER DETAILS 
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The Cub Terminal ideal for use with micro­
processor evaluation kits and industrial · 
displays offers the following features: 

• Large, clear 1 2" ·display. 
• Upper and lower case characters. 
• 7 x 9 dot matrix characters. 
• 1 6 lines each of 64 characters. 
• Low profile separate keyboard. 
• Auto-scrolling of text. 
• Available as display only unit. 

The Cub terminal is available at £380 (one 
off price) but less than £300 in moderate 
OEM quantities. Display unit only price £340. 
Prices quoted include a 12 month factory 
warranty. 

For further infor~ation, contact Cifer today. 

i 

EDUCATIONAL 
DE~K ffiETER~ 

Dimensions & Weight 
Width: 1 OOmm Height: 11 Omm Length: 140mm Weight: 350g 

Our Desk Meters are designed as teaching aids for use in both 
Elementary and High Schools. An extremely useful feature is 
the transparent plastic material which forms the front and base 
portions of the unit. Through these windows students are ~ble to 
see the interior clearly and teaching becomes more conven1ent. 

----· 

MODEL 

KDM-01 

KDM.Q2 

RANGE 

DC -10.Q-50mA/-100.0-500mA/-1-0-5A 

DC -1.Q-3V/-5-0-15V /-100-0-300V 

THE ELECTRICAL 
INSTRUMENT Co. 
(Hillington) LTD. 
30 Kelvin Avenue, 
Hillington Industrial Estate, 
Glasgow, G52 4LH , 
Telephone: 041-8821166/1661 
Telex: 777255 Cables: Elinco 

WW -104 FOR FURTHER DETAILS 
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I 

NEW Modern 
home study courses 

in electronic;s. 
Complete Self-sudy training in:-

1) Basic practical electronics- curcuit diagram 
masters- building oscilloscope and other test 
gear. 
2) Training for Radio Amateur Licence. 
3) Training for City & Guilds and other 
professional examinations. 
a) Servicing and maintenance of Radio, T.V. 
and other electronic ,equipment. 
b) Digital electronic and Computer technology. 

---~--~-----~-~------ww~w, Brochure, Without obl1gat1on to:-

British National Radio & Electronic 
School P.O. Box 156, Jersey, Channel Islands 

NAME----------
I 
:ADDRESS 
I 
I __________ -----~-- -- -------- (Block cap; please) .• 

L-------------------------------~ Specialists in electronic training. 
Established over 40 years. 

WIRELESS WORLD, OCTOBER 1979 

z ·8i fAE-RO SERVICES LTD: 
Head Office: 44a WESTBOURNE GROVE, LONDON W2 SSF. 

Tel. 727 5641 Telex 261306 

RETAIL SHOP 
• 85 TOTTENHAM COURT ROAD, W .1 

Tel. 580-~403 

· S~~CIACOFFER .o~ ·-.. RAND NEW USSR-MADE MULTIMETERS 

;·TYPE 
i Sensitivity D.C. 
, Sensitivity A.~ , 
,' D.C. Current 
•A.C. Current 

:·u4313 
'20,000 o.p.v . . 
:2,000 o.p.v. 
1 60~&A-1 .SA 

U4315 
:20.000 o.p.v. 
2,000 o.p .v. 
50~&A-2.5A 

:0 .5mA-2.5A 
D.C. Curre~t : 

· A. C. Current : 

.TYPE U4324 

i 0.06-0.6-60-600mA-3P 
' 0 . 3-3-30-300mA-3A . 
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D.C. Volts 
-~- :A.C. Volts 

l Resistance 
,capacity 
1Accwracy 

0 6mA-1.5A 
.i5mV-600V 
' 15V-600V 
,1K-1M 

j75mV-1 OOOV 
1V-1000V 

. 3000-5001<0 

I D.C. Voltage:, 
: A.C. Voltage: 
j Resistance 
'-Accuracy : 

o. 6-1 .2-3-1 2-30-60-1 20-soo-1 2oov 
~ 3-6-1 5-60-1 50-300-600-900V 

: 0.5~&F 0 . 5~&F - i 5000-5-50-5001<0 
_DC. 2.5% A.C . 4% (of F.S.D.) 

'Price complete with P,esseci steal· 
' carrying £8~ and test leads 
Packing and postage-- - · - - · 

1.5%D.C. 
·2-:-5%A.C: 

£.10.50 
. £1.50 

' 2.5% D.C. 
4%A.C. 

£10.50 
£1.50 

PRICE complete with test leads and fibreboard storage 
case _teA;O! ~Packing and postage£ 1 .2J/ 

TYPE U4323 
COMBINED WITH SPOT FREQUENCY OSCILLATOR 

Sensitivity 20,0000 IV 

TYPE U4341 -
COMBINED MULTIMETER AND 

TRANSISTOR TESTER 

16,7000/V D.C., 3,300CUVA.C. 
Voltagerange;; ; ·, 2.5-lOOOVA.C./D .C. 
Current ranges: 0.05-500mA DC only · 

·Sensitivity: 
: ~urre11t j 0 .06-0. 6 -6-60-600mA D.C . , 0 . 3-3.0-30-

. 300mAA.C. 
Resistance · 5{]-1 MO 

· Accuracy 5% F.S.D. 
Oscillator output: 1kHz 50 I 50 squarewave 

~oSCKHzslneiNave~-­
modulated by 1KHz squarewave 

Voltage: 

··'Resistanc-e: 
. Traosi§to~s: 

i 0 .3-1 5-6-30-60-150-300-900V D.C. 
, 1 .5-7.5-30-150-300-750V A. C. 

2-20-200k0-2M{} 
Collector cut-off current 60~& A max , 

_j D.C. current gain 10.350 in two ranges 

PRICE, in carrying case, complete with leads and manual 
£8.00 

Packi ngju~~ .P.~~ta.ge £1 :00 

:pRiCE, ~ompi~te with steel carrying ·case, test lead, battery 
and instruction manual £9.50 

Packing and Postage £1 . 50 

tH'Is·oi=i=ER' IsvACio ONL'v FoR oR-DE-Rs /\ct6MPANIED BY-REMITTANcE 
WHICH SHOULD INCLUDE DELIVERY CHARGES AS INDICATED AND 1 5% 

V.A.T. ON THE TOTAL 

OUR 1978 CATALOGUE/PRICE LIST OF- VALVES, SEMICONDUCTORs: 
PASSIVE COMPONENTS AND TEST EQUIPMENT IS AVAILABLE . PLEASE· 

SEND P.O. tor £0 .30 FOR YOUR COPY 

WW- 035 FOR FURTHER DETAILS 

~ "~o£ ~£51 ents tor~ 
sole a9 

are the 

A wide range of small and miniature cases in A. B.S. suitable 
for anything from digital clocks to audio consoles. Low cost 

with discounts for quantity. NUOVA have a transparent 
red front panel, suitable for L. E. D. di~plays. PESO are 
solid, substantial cases with either fixed or folding 
feet. ARANCIO have bright ora'nge tops and tin­
plated bases. SCREENED BOXES are tin-plated 

. steel with loose screen divisions. The very popular 
DESKO and TEKO are very widely used in both pro­
duction and amateur use. ALBA are cases with moulded 
grills top and bottom, for speakers or ventil?tion. 

The West Hyde Catalogue 
gives full details of these and 
seven other TEKO ranges­
send for your free copy. 

ALBA 
1 of1 10 50 
2.96 2.52 2.22 
3. 18 2.70 2.39 
3.41 2.90 2.56 
3.64 3 .09 2.73 
3.87 3.29 2.90 

~~ ~ ~: m 
3.60 3.06 2.70 
3.85 3.27 2.89 
4.10 3.48 3.07 

•specify case colour when ordering · 

~';: K 8~~~~ ~~ ~~~~~:~p;~s=~e I 
198mm long 
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The Cub Terminal ideal for use with micro­
processor evaluation kits and industrial · 
displays offers the following features: 

• Large, clear 1 2" ·display. 
• Upper and lower case characters. 
• 7 x 9 dot matrix characters. 
• 1 6 lines each of 64 characters. 
• Low profile separate keyboard. 
• Auto-scrolling of text. 
• Available as display only unit. 

The Cub terminal is available at £380 (one 
off price) but less than £300 in moderate 
OEM quantities. Display unit only price £340. 
Prices quoted include a 12 month factory 
warranty. 

For further infor~ation, contact Cifer today. 

i 

EDUCATIONAL 
DE~K ffiETER~ 

Dimensions & Weight 
Width: 1 OOmm Height: 11 Omm Length: 140mm Weight: 350g 

Our Desk Meters are designed as teaching aids for use in both 
Elementary and High Schools. An extremely useful feature is 
the transparent plastic material which forms the front and base 
portions of the unit. Through these windows students are ~ble to 
see the interior clearly and teaching becomes more conven1ent. 

----· 

MODEL 

KDM-01 

KDM.Q2 

RANGE 

DC -10.Q-50mA/-100.0-500mA/-1-0-5A 

DC -1.Q-3V/-5-0-15V /-100-0-300V 
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INSTRUMENT Co. 
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Telephone: 041-8821166/1661 
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2) Training for Radio Amateur Licence. 
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RETAIL SHOP 
• 85 TOTTENHAM COURT ROAD, W .1 

Tel. 580-~403 

· S~~CIACOFFER .o~ ·-.. RAND NEW USSR-MADE MULTIMETERS 

;·TYPE 
i Sensitivity D.C. 
, Sensitivity A.~ , 
,' D.C. Current 
•A.C. Current 

:·u4313 
'20,000 o.p.v . . 
:2,000 o.p.v. 
1 60~&A-1 .SA 

U4315 
:20.000 o.p.v. 
2,000 o.p .v. 
50~&A-2.5A 

:0 .5mA-2.5A 
D.C. Curre~t : 

· A. C. Current : 

.TYPE U4324 

i 0.06-0.6-60-600mA-3P 
' 0 . 3-3-30-300mA-3A . 

107 

D.C. Volts 
-~- :A.C. Volts 

l Resistance 
,capacity 
1Accwracy 

0 6mA-1.5A 
.i5mV-600V 
' 15V-600V 
,1K-1M 

j75mV-1 OOOV 
1V-1000V 

. 3000-5001<0 

I D.C. Voltage:, 
: A.C. Voltage: 
j Resistance 
'-Accuracy : 

o. 6-1 .2-3-1 2-30-60-1 20-soo-1 2oov 
~ 3-6-1 5-60-1 50-300-600-900V 

: 0.5~&F 0 . 5~&F - i 5000-5-50-5001<0 
_DC. 2.5% A.C . 4% (of F.S.D.) 

'Price complete with P,esseci steal· 
' carrying £8~ and test leads 
Packing and postage-- - · - - · 

1.5%D.C. 
·2-:-5%A.C: 

£.10.50 
. £1.50 

' 2.5% D.C. 
4%A.C. 

£10.50 
£1.50 

PRICE complete with test leads and fibreboard storage 
case _teA;O! ~Packing and postage£ 1 .2J/ 

TYPE U4323 
COMBINED WITH SPOT FREQUENCY OSCILLATOR 

Sensitivity 20,0000 IV 

TYPE U4341 -
COMBINED MULTIMETER AND 

TRANSISTOR TESTER 

16,7000/V D.C., 3,300CUVA.C. 
Voltagerange;; ; ·, 2.5-lOOOVA.C./D .C. 
Current ranges: 0.05-500mA DC only · 

·Sensitivity: 
: ~urre11t j 0 .06-0. 6 -6-60-600mA D.C . , 0 . 3-3.0-30-

. 300mAA.C. 
Resistance · 5{]-1 MO 

· Accuracy 5% F.S.D. 
Oscillator output: 1kHz 50 I 50 squarewave 

~oSCKHzslneiNave~-­
modulated by 1KHz squarewave 

Voltage: 

··'Resistanc-e: 
. Traosi§to~s: 

i 0 .3-1 5-6-30-60-150-300-900V D.C. 
, 1 .5-7.5-30-150-300-750V A. C. 

2-20-200k0-2M{} 
Collector cut-off current 60~& A max , 

_j D.C. current gain 10.350 in two ranges 

PRICE, in carrying case, complete with leads and manual 
£8.00 

Packi ngju~~ .P.~~ta.ge £1 :00 

:pRiCE, ~ompi~te with steel carrying ·case, test lead, battery 
and instruction manual £9.50 

Packing and Postage £1 . 50 

tH'Is·oi=i=ER' IsvACio ONL'v FoR oR-DE-Rs /\ct6MPANIED BY-REMITTANcE 
WHICH SHOULD INCLUDE DELIVERY CHARGES AS INDICATED AND 1 5% 

V.A.T. ON THE TOTAL 

OUR 1978 CATALOGUE/PRICE LIST OF- VALVES, SEMICONDUCTORs: 
PASSIVE COMPONENTS AND TEST EQUIPMENT IS AVAILABLE . PLEASE· 

SEND P.O. tor £0 .30 FOR YOUR COPY 

WW- 035 FOR FURTHER DETAILS 

~ "~o£ ~£51 ents tor~ 
sole a9 

are the 

A wide range of small and miniature cases in A. B.S. suitable 
for anything from digital clocks to audio consoles. Low cost 

with discounts for quantity. NUOVA have a transparent 
red front panel, suitable for L. E. D. di~plays. PESO are 
solid, substantial cases with either fixed or folding 
feet. ARANCIO have bright ora'nge tops and tin­
plated bases. SCREENED BOXES are tin-plated 

. steel with loose screen divisions. The very popular 
DESKO and TEKO are very widely used in both pro­
duction and amateur use. ALBA are cases with moulded 
grills top and bottom, for speakers or ventil?tion. 

The West Hyde Catalogue 
gives full details of these and 
seven other TEKO ranges­
send for your free copy. 

ALBA 
1 of1 10 50 
2.96 2.52 2.22 
3. 18 2.70 2.39 
3.41 2.90 2.56 
3.64 3 .09 2.73 
3.87 3.29 2.90 

~~ ~ ~: m 
3.60 3.06 2.70 
3.85 3.27 2.89 
4.10 3.48 3.07 

•specify case colour when ordering · 

~';: K 8~~~~ ~~ ~~~~~:~p;~s=~e I 
198mm long 
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- . SURROUND SOUND DECODER ... _____ _ 
The firSt ever kit specialy produced by Integ rex for this British N RDC backed surround sound system which is the result of 7 years· research ' 
by the Ambisonic team . W.W. July, Aug ., '77. . . • 
The unit is designed to decode not only U HJ but virtually all other' quadraphonic' systems (Not CD4), including the new BBC HJ 10 input; 
selections . . . ···~· · · ~-- ·· · · ··· ....... · ·~, 
;The decoder 1s lmear throughout and ·does not rely on iistener fatig~~!lg_l~gic enhance!II.enttechnique~ .. Both 2 or 3 input signals and 4 or 6 .' 
output-signals are provided in this most versatile unit . Complete w1th mams power supply, wooden cabme_t_,, panel, knobs, etc. · .. : 

· · · Compiete kit, including licence fee £49.50 + VAT 
or ready built and tested £67.50 !- VAT 

NEW s·so50A STEREO AMP 
50 w_a~s rr"D.s-channeL 0 .015% THD. S/N 90 dB, Mags/n 80 dB. 
Output device ratin·g-36-0w per channel 

Tone cancel switch. 2 tape monitor switches. 
Metal case-comprehensive. heatsi_nks 
Complete kit only £63.90 + VAT. 

INTRUDER 1 Mk. 2 RADAR ALARM 
With Home Office Type approval 

The original "Wireless World" published Intruder 1 has been re-designed by lntegrex to incorporate several new features, along 
with improved performance. The kit is even easier to build. The internal audible alarm turns off after approximately 40 seconds and 

the unit re-arms. 240V ac mains or 1 2V battery operated. Disguised as a hard-backed book. Detection range up to 45 feet. 

Complete kit £49.50 plus VAT. 

ireles·s World Dolby· noise reducer 

Featuring:-

eswitching for both encoding (low-level h .f. compression) and decoding 
e a switchable f .m. stereo multiplex and bias filter. 
e provision for decoding Dolby f.m. radio transmissions (as in USA). 
·e no equipment needed for alignment . 
e suitability for both open-reel and cassette tape machines. '· 
e check tape switch for encoded monitoring in three-head machmes. 

~ 'Also available ready built and tested ....... ... . . 

Typical performance 
Noise reduction better than 9dB weighted . 
Clipping level 16.5dB above Dolby level {measured 
at 1% third harmonic content) 

Harmonic distortion 0 .1% at Dolby level typically 
0.05% over most of band, rising to a maximum ot 
0.12% 

Signal-to-noise ratio: 75dB (20Hz to 20kHz. signal 
at Dolby level) at Monitor output 

Dynamic Range >90db 

_30mV sensitivity. 

. . Price £59.40 + VAT · 

.Calibration tapes are available for open-reel use and for cassette (specify which) ..... . ·. . . Price £2.40_ VAT 

Single ~hannel plug-in Dol-by6) PROCESSOR BOA~ OS (9~ ~- 8;~m} with gold p~at~~ contacts and all component's 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Price £9.00 +VAT. 

Please add VAT@ 15% 

·we guarantee full after-sales technical and servicing facilities--on ·all our kits, havel 
you c~ecked th~t these ser-v:_ices are available from other suppliers? . _ 

. ........____ ,-~---~-·-=;;-
: . . .,. 
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All kits are carriage free. 

:INTEGREX LTD. 
"Pleiise send SAE for complete lists and specif!Cauons 
··Portwood lncfustrlal Estate. Church G-re-sley. 
Burton-on-Trent. Staffs DE 11 9 PT 
'Burton-on-Trent (0283} 2.15~32 Telex 377106. 

.S_-_2020TA STEREO T NER/ AMPLIFIER KIT 
I·SOLID MAHOGANY CABINE:r _J 

A high-quality push.-button 
FM Varicap Stereo Tuner combined 
with a 24W r.m.s. per channel Stereo 
,Amplifier. 

Brief Spec. · Amplifier OLow field Toroidal transformer, Mag; input, Tape In /Out -facility (for noise reduction un ' 
etc.), THO less than 0.1 Yo at 20W mto 8 ohms. Power on/ off FET transient protection. All sockets, fuses, etc ., are PC 
mounted for ease of assembly . Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF, 

,I N'f_I:_R?T A_T_ION . M!:JT~. and phase~locked IC stereo . de_c<?der. LED tuning and . stereo indicators. Tuning range 
88-104MHz. 30d8 mono S/N@ ~ .2/J.V. THO 0.3%. Pre-decoder 'birdy' filter. PRICE: £59.95 +VAT 

NELSON-~ONES MK.2 STEREO fM TUNER KIT Price: £69.95 +VAT 
Improved performance w1th lmear phase IF and second generation IC decoder. · 

NELSON-JONES MK. I STEREO FM TUNER KIT 

A very high performance tuner with dual 
gate MOSFET RF and Mixer front end, · 
triple gang varicap tuning, and dual cer­
amic filter I duai/C IF amp. 

~~~~~~:::=======a:~;:~~~~~~~ .. ~~~~.,~~~:~ii~~~ii~ 
Brief Sp,ec. _Tuning range 88~1~4MHz . 20dB mono quieting@ 0.751-iV. 
Image reJeCtion- 70dB . IF reJeCtion- 85dB. THO typically 0.4%. 
IC .stabili~ed PS~ and LED tuning indicators. Push-button tuning and AFC 
un1t. Cho1ce of e1ther mono or stereo with a choice of stereo decoders . Mono £36.40-+VAT 

With ICPL Decoder £40.6'7 +VAT 
With Portus-Haywood Decoder 

£44.20 +VAT 

Compare this spec. with tuners costing twice the price. 

Sens. 30dB S/N mono@ 1.2,uV 
THO typically 0.3% 
Tuningrange88-1 04MHz 
.LED sig. strength and stereo indicator 

STE~EO MODU-LE TUNER' KIT 
A low-cost Stereo Tuner based on the 3302 FET RF . 

module requiring no alignment. The IF comprises a ceramic · 
filter and high-performance IC Variable INTERSTATION MUTE. 

, ~LL stereo decoder /C. Pre-decoder 'birdy' filter 
Push-button tuning t · 

PRICE: Stereo £33.95 +VAT 

·s-2020A AMPLIFIE-R KIT: 
l:ieveliipeilln our laboratories lrom the highly succ-essful 

''!EXAN" design. PC mounting potentiometers, · 
sw1tches, sockets and fuses are used for ease ofi 

ass~mbly and to minimize wiring 
·Power 'on/off' FETtransient protection: 

'Typ S.P~- 2~~?4\JV-~.m . s . lnto8-oh~_lo~? at le~s '!~an oj~~.tH_g_. M~iJ- P~ _input.SJr\f60(fB.~Ffa.dTo input-SIN 
7LdB':'Fieaapno~e output . Tape I~ /Out facility (for no1se reduct1o_n unit, etc.). Toroidal mains transformer. _ · . _ .: 

PRICE: £35.95 +VAT 

.BASIC NELSON-JONES TUNER KIT £15.70 +VAT PHASE-LOCKED IC DECODER KIT ... £4.47+VAT 

BASIC MODULE- TUNER KIT (stereo} £18.50 +VAT PUSH-BUTTON UNIT 

-P-ORTUS-H-AYWO.OP PHASE-LOCKED STE_REO [)ECODER KIT ...... .. . 

WW- 033 FOR FURTHER DETAILS 

.£6.00 +VAT 

£8.80 +VAT 
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DELTA OSCAR NANCY TANGO FOXTROT OSCAR ROMEO GOLF ECHO 
NIE ZAPOMNIJ PAID ANGHOFIO NICHT VERGESSEN NE TANGO 

FORGESU N'OUBLIEZ PAS DON'T FORGET - Whatever language you 
speak, you will be in very good company atthe A.R.R.A. 

EIGHTH NATIONAL 
AMATEUR RADIO AND 

ELECTRONICS EXHIBITION 

at the GRANBY HALLS, LEICESTER 
on NOVEMBER 8, 9 & 10 

£500 in Voucher Prizes PLUS Free Raffle Prizes at 14.00, 15.000, 16.00 and 
17.00 hours each day. OPEN THURSDAY, FRIDAY and SATURDAY, 10.00 
until 18.00 hours. Admission 50p. Concessionary tickets 40p for Clubs and 
Parties of 25 or more. DON'T FORGET . . . 

UNDISPUTEDLY THE FINEST SHOW IN EUROPE!! 

*Specification 
Diaplay: 8 X 1 Ocm with 1 em graticule 
squares 
Tube: 1 30BE I P3 1 
EHT: 1.6kV 
VERTICAL AMPLIFIER 
Sensitivity: 10mV/cm to 50mV/cm in 
12 steps 
BandWidth: DC to 6MHz-3dB; DC to 
10MHz-6dB 
Risetime: 55ns 
Input Impedance: 1 MO and 30pF 
Input: ::':' 400V max 
HORIZONTAL AMPLIFIER 
Sensitivity: 720mV I em to 50V I em 
Bandwidth: DC to 1 .5MHz- 3dB 
X-V Phase Shift: 5° d .c. to 50kHz 

MORE SCOPE 
FOR YOUR 
MONEY 
RADAT 3106C 
lOMHz SCOPE 
5" CRT 
As recommended by Practical 

Wireless 
TIME BASE 
Range : 0 .51's/cm to 1 Oms/em in 
ranges 
Magnifier: X 5 ( 1 OOns I em fastest sweep 
speed) 
Calibration: 5% 
Vernier: 12:1 continuous 
Trigger Senllitivity:l em deflection 1OHz 
to BMHz 
Automatic no manual controls 
Power Supplies: 100 to 135V and 200 
to 265V 
48-440Hz 1 5W 
Dimensions: 182 X 200 x 405mm 
4 .5kg 
Accessories: Main test prods and leads, 
Handbook 
Price: £169.95 inc. 15% VAT and 
carriage. 

Company orders welcome by phone or Telex. S.a.e . for brochure· 

KRAMER 8t CO. 
9 OCTOBER PLACE, HOLDERS HILL ROA.D 

LONDON NW4 1 EJ 
Tel: 01-203 2473_ Telex 888941 attn. K7 

Callers welcome by appointment only 

Please send me Radat 31 06C 1OM Hz Scope 

1/We enclose 
Please send me details of 5MHz + 6MHz Scopes YES NO 

Name 

Address 

TRADE ENQUIRIES WELCOME 

Full range available to replace 1 .'5 volt dry ceifs im.d 9 volt PP type~ 
batteries, SAE for lists and prices . £1.25 for booklet. "Nickel 
.Cadium Power, " plus catalogue. 

·· · Write or call at: 

SAN DWELL PLANT L TO . . 
2 Union Drive, Boldmere 

Sutton Coldfield, West Midlands 021-354 9764 
.See full rang·e at TLC. 32 -Craven .street, Charing Cross. London': 

WC2. 

ww 

TV TUBE REBUILDING 
Faircrest Engineering Ltd .. manufacture a comprehensive 
range of equipment for processing all types of picture tubes. 
colour and mono. Standard · or custom built units for estab~ 
lished or new businesses . We export world-wide and have an 
excellent spares service_ backed by a strong technical team. 

Full training courses are individually tailored to customers ' 
requirements . . 

For full details of our service contact Neil Jupp 

FAIRCREST ENGINEERING LTD. 
Willis Road , Croydon, CR02XX. 
01-6841422. 01-689' 8741 

WW- 027 FOR FURTHER DETAILS . 
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AC126 £0.21 
AC127 £0.21 
AC128 £0.18 
AC128K '£0.30 
AC132 £0.23 
AC134 £0.23 
AC137 £0.23 
AC141 £0.25 
AC141K £0.35 
AC142 £0.23 
AC176 £0.21 
AC176K £0.30 
AC178 £0.28 
AC179 £0.29 
AC180 £0.23 
AC180K £0.32 
AC181 £0.23 

.AC181 K £0.32 
AC187 £0.21 
AC187K £0.3.2 
AC188 £0.21 
AC188K £0.32 
A0140 £0.69 
A0142 £0.98 
AD143 £0.86 
AQ149 £0.811 
AD161 £0.40 
AD162 £0.40 
AD161 

162MP £0.81 
AF124 £0.35 
AF125 £0.35 
AF126 £0.35 
AF127 £0.37 
AF139 £0.40 
AF186 £0.58 

. AF239 £0.47 
AL102 £1 .38 
AL103 £1.36 
AU104 £1.61 
AU11Q £1.61 
AU113 £1.61 
BC107A £0.09 
8C1078 £0.10 
8C107C £0.12 
BC108A £0.09 
BC1088 £0.11 
BC108C £0.12 
8C109A £0.09 
BC1098 £0.10 
BC109C £0.12 
8C147 £0.08 

Type Price 
7400 £0.10 
7401 £0.12 
7402 £0.12 
7403 £0.12 
7404 £0.1·2 
7405 £0.12 
7406 £0.25 
7407 £0.25 
7408 £0.14 
7409 £0.14 
7410 £0.12 
74 11 £0.19 
7412 £0.17 
7413 £0.27 
7414 £0.57 
74 16 £0.26 
7417 £0.26 
7420 ~g:~~ ·7421 
7422 £0.18 
74 23 £0.24 
74 25 £0.21 
74 26 £0.26 

Type Price 
CD4000 £0.16 
CD4001 £0.17 
CD4002 £0.18 
C04006 £1.05 
CD4007 £0.19 
C04008 £1.05 
CD4009 £0.51 
C040 10 £0.55 
CD40 11 £0.17 
C04012 £0.18 
C0 40 13 £0.48 

Type Price 
CA301 I £0.92 
C03014 £1.55 
CA3018 £0.74 
CA3020 £1.95 
CA3028 £0.92 
CA3035 £1.61 
CA3036 £1.15 
CA3042 £1.72 
CA3043 £2. I 2 
CA3046 £0.811 
CA3052 £1.84 
CA3054 £1.26 
CA3075 £1.72 
CA3081 £1.72 
CA3ll89 £2.30 
CA3090 £4.14 
CA3113 £2.18 

BC148 £0.08 BC549 £0.12 BU105 £1 .84 
DC149 £0.08 8C550 £0.16 8U 105102 £2.24 
BC157 £0.12 BC556 £0.16 BU204 £1.61 
BC158 £0.12 BC557 £0.15 8U205 £1 .61 
8C159 £0.12 BC558 £0.14 BU208102 £2.58 
8C167 £0.14 8C559 £0.16 MJE2955 £1.04 
8C168 £0.14 80115 £0.58 MJE3055 £0.69 
8C169 £0.10 60116 £0.92 MJE3440 £0.60 
BC169C £0.12 80121 £0.75 MPF102 £0.32 
8C170 · £0.10 80124 £0.81 MPF104 £0.40 
6C171 £0.10 80131 £0.40 MPF105 £0.40 
8C172 £0.10 80132 £0.40 MPSA05 £0.23 
6C173 £0.10 60133 £0'.46 MPSA06 £0.23 
BC177 £0.18 80135 £0.44 MPSA55 £0.23 
8C178 £0.18 60136 £0.40 MPSA56 £0.23 
BC179 £0.18 60137 £0.40 OC22 £1.73 
BC180 £0.211 60138 £0.41 OC23 £1.73 
8C181 £0.10 80139 £0.41 OC24 £1.55 
BC182L £0.10 80140 £0.41 OC25 £1.15 
BC183 £0.10 80155 £0.82 OC26 £1.15 
6C183L £0.10 60175 £0.88 OC28 £0.82 
6C184 £0.10 80176 £0.89 OC29 £1 .09 
BC207 £0.13 80177 £0.78 OC35 £1.03 
8C208 £0.13 80178 £0.78 OC36 £1.03 
6C209 £0.14 60179 £0.88 OC70 £0.27 
6C212 £0.10 60203 £0.92 OC71 £0.17 
8C212L £0.10 80204 £0.92 TIC44 £0.33 
6C213 £0.10 8DY20 £0.92 TIC45 £0.40 
BC213L £0.10 8F457 £0.43 TIP2(}A £0.48 
8C214 £0.10 8F458 £0.43 TIP298 £0.48 
BC214L £0.10 8F459 £0.44 TIP29C £0.51 
BC227 £0.18 8F594 £0.35 TIP30A £0.48 
8C238 £0.18 8F596 £0.32 TIP306 £0.48 
BC251 £0.17 8FR39 £0.28 TIP30C £0.50 
BC251A 10.18 8FR40 £0.29 TIP31A £0.48 
6C30 1 £0.32 8RR79 £0.32 TIP31B £0.48 
8C302 £0.33 8FR80 £0.32 TIP31C £0.50 
6C303 £0.32 6FX29 £0.25 TIP32A £0.46 
8C304 £0.44 8FX30 £0.35 TIP32B £0.48 
8C327 £0.18 BFXB4 £0.25 TIP32C £0.50 
8C328 £0.17 BFX85 £0.28 TIP41A £0.50 
8C337 £0.17 BFX86 £0.29 TIP418 £0.52 
BC338 £0.17 BFX87 £0.25 TIP41C £0.55 
8C440 £0.35 8FX88 £0.25 TIP42A £0.50 
8C441 £0.35 BFYSO £0.18 TIP426 £0.52 
6C460 £0.44 8FY51 £0.18 TIP42C £0.55 
8C461 £0.44 BFY52 £0.18 TIP2955 £0.69 
BC477 £0.23 BIP1 9 £0.44 TIS43 £0.25 
BC478 £0.23 BIP20 £0.44 TIS90 £0.20 
8C479 £0.23 BIP19/ UT46 £0.23 
6C547 £0.12 20MP .£0.92 ZTX107 £0.11 
BC548 £0.12 BRY39 £0.51 ZTX108 ~0.11 

--1ype Price Type Price Type Price 
7427 £0.27 7472 £0.23 74105 £0.43 
7428 £0.29 7473 £0.28 74107 £0.27 
7430 £0.12 7474 £0.28 74110 £0.41 
7432 £0.25 7475 £0.33 74111 £0.86 
7433 £0.34 7476 £0.28 74118 £0.92 
7437 £0.25 7480. £0.50 74119 £1.35 
7438 £0.24 7481 £0.97 74121 £0.27 
7440 £0.13 7482 £0.78 74122 £0.44 
7441 £0.57 7483 £0.86 74123 £0.46 
7442 £0.46 7484 £1.01 74136 £0.59 
7443 £0.80 7485 £0.78 74141 £0.63 
7444 £0.80 7486 £0.25 74145 £0.63 
7445 £0.74 7489 £1.95 74150 £0.78 
7446 £0.69 7490 £0.36 74151 £0.55 
7447 £0.55 7491 £0.73 74153 £0.55 
7448 £0.64 7492 £0.40 74154 £0.94 
7450 £0.12 7493 £0.34 74155 £0.57 
7451 £0.12 7494 £0.86 74156 £0.57 
7453 £0.12 7495 £0.57 74157 £0.57 
7454 £0.12 7496 £0.57 74160 £0.86 
7460 £0.12 74100 £0.97 74161 £0.71 
7470 £0.28 74104 £0.44 74162 £0.71 

CMOS ICs 
Type Price Type Price Type Price 
C040 1 5 £0.87 CD4026 £1.38 CD404 3 £1 .01 
CD4016 £0.48 CD402 7 £0.51 C0.4044 £0.94 
CD401 7 £0.86 CD4028 {;0.78 - C0404 5 £1 .61 
CD40 18 £0.97 CD4029 £0.97 C0.4046 £1.49 
CD40 1 9 £0.48 CD4030 £0.55 CD404 7 £1.00 
CD4020 [1 .03 C04031 £2.30 CD4049 £0.48 
CD4021 £0.84 CD4035 £1 .15 CD4050 £0.48 
CD4022 £0.94 CD403 7 £1 .09 CD4D54 £1.26 
CD4023 £0.17 C0.4040 £1.01 CD4055 £1.15 
CD4024 £0.74 CD4041 £0.87 C04056 £1.55 
CD402 5 £0.17 C0404 2 £0.82 C04069 £0.19 

LINEAR 
Type Price Type Price 

CA3130 £1.06 MCI350 £1.38 UA710C £0.4& 
CA3141l £0.80 MCI352 £1.61 72710 £0.34 
LM301 £0.33 MC1409 £3.59 UA711C £0.3& 
LM304 £1.84 MCI496 £1.03 72711 £0.36 
LM308 £1.15 NE536 £3.05 UA723C £0.52 
LM309 £1.72 NE550 £1.09 72723 £0.52 
LM320·5V £1.72 NE555 £0.27 UA741C £0.27 
LM320· 12V £1.72 NE556 £0.69 72741 £0.27 
LMJ20·15V £1.72 NE565 £1.38 741P £0.23 
LM320-Z4V £1.72 NE566 £1.38 UA747C £0.69 
LM380 £0.97 NE567 £1.95 72747 £0.69 
LM381 £1 .66 UA702C £0.52 UA748 £0.40 
LM3900 £0.66 72702 £0.52 72748 £0.40 
MCI303l £0.97 UA703 £0.28 748P £0.40 
MCI304 £2.18 UA709 £0.28 SN76013N £2.01 
MCI310 £1.09 72709 £0.52 SN76023 £2.01 
MCI312 £2.18 709P £0.28 SN76110 £1.72 

ZTX 109 £0.11 
ZTX300 £0.13 
ZTXSOO £0.14 
2N1613 £0.23 
2N1711 £0.23 
2N1 689 £0.51 
2N1 690 £0.51 
2N1 693 £0.35 
2N2147 £0.86 
2N2148 £0.81 
2N2160 £1.15 
2N2192 £0.44 
2N21 93 £0.44 
2N2194 £0.44 
2N2217 £0.25 
2N221 8 £0.25 
2N2218A £0.23 
2N2219 £0.23 
2N2219A £0.25 
2N2904 £0.23 
2N2904A £0.24 
2N2905 £0.20' 
2N2905A £0.23 
2N2906 £0.18 
2N2906A £0.21 
2N2907 £0.23 
2N2907A £0.25 
2N2926G £0.10 
2N2926Y £0.09 
2N29260 £0.09 
2N2926R £0.09 
2N2926B £0.09 
2N3053 £0.18 
2N3054 £0.46 
2N3055 £0.46 
2N3614 £1.15 
2N3615 £1.21 
2N3616 £1.21 
2N3646 £0.10 
2N3702 £0.09 
2N3703 £0.09 
2N3704 £0.08 
2N3705 £0.08 
2N3706 £0.09 
2N3707 £0.09 
2N3708 £0.08 
2N3709 £0.08 
2N371 0 £0.08 
2N3711 £0.08 
2N3819 £0.21 
2N3820 £0.40 

Type 
74163 
74164 
74165 
74166 
74174 
74175 
74176 
74177 
74180 
74181 
74182 
74184 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
741g9 

Type Price 
CD 40 70 £0.19 
CD40 71 £0.19 
CD 40 72 £0.19 
CD4081 £0.19 
C04082 £0.20 
C04510 £1.13 
CD4511 £1.09 
C04516 £1.15 
C04518 £1.15 
C045 20 £1 .15 
C040 14 £0.92 

Type Price 
SN76115 £218 
SN76660 £0.16 
Sl414A . £2.24 
TAA550& £0.40 
TAA621A £2.30 
TAA621B £2.87 
TAA661 £1.72 
TAOIOO £1.49 
TBA540 £2.41 
TBABIOS £0.86 
TBA810 £1.12 
TBA820 £Q.IO 
TBA9200 £2.87 
TCA270S £2.30 
TBABOO £0.92 

Volts No 
. 50 THY1A / 50 
100 THY1A / 100 
200 THYlA/200 ' 
400 THY1A / 400 
600 THY1A1600 
BOO THY1A/800 

Volts No 
50 THY3A / 50 

·1 00 THY3A / 1 00 
200 THY3A I 200 
400 THY3A / 400 
600 THY3A / 600 
800 THY3AI800 

200M A 
IS920 50v 
IS921 100v 
IS922 150v 
IS923 200v 
IS924 300v 
1Amp 
IN4001 50v 
IN4002 100v 
IN4003 200v 
IN4004 400v 
IN4005 600v 
IN4006 800v 
IN4007 1000v 
1.5Amp 
IS015 50v 
IS020 100v 
IS021 200v 
IS023 400v 
IS025 600v 
IS027 800v 
15029 1000v 
IS031 1200v 
lAmp 
IN5400 50v 
IN5401 100v 
IN5402 200v 
IN5404 400v 
IN5406 600v 
IN5407 800v 
IN 5408 1 OOOv 

Amplifiers 

Price 
£0.32 
£0.34 
£0.37 
£0.48 
£0.57 
£0.74 

£0.07 
£0.08 -
£0.09 
£0.10 
£0.11 

£0.05 
£0.05 
£0.07 
£0.08 
£0.09 
£0. 10 
£0.11 

£0. 10 
£0.11 
£0.12 
£0.14 
£0.18 
£0.18 
£0.23 
£0.28 

£0.16 
£0.17 
£0.18 
£0.19 
£0.24 
£0.28 
£0.34 

Volts No. 
50 THY7A I 50 

100 THY7A I 100 
200 THY7 A I 200 
400 THY7 A I 400 
600 THY7Ai600 
800 THY7 A I 800 

Volts No 
50 THY10A 150 

100THY10A I 100 
200 THY10A 1200 
400 THY 1 OA / 400 
600 THY10A I 600 
800 THY 1 OA I 800 

10Amp . 

Price 
£0.55 
£0.,58 
£0.65 
£0.71 
£0.89 
£1.05 

Price 
£0.58 
£0.65 
£0.71 
£0.80 
£1.13 
£1.40 

IS 1 0 !50 50v £0.21 
IS10 / 100 100v £0.24 
IS 10/200 200v £0.26 
IS 10/400 400v £0.40 
IS10/600 600v £0.48 
IS10/800 BOOv £0.58 
IS 10/1000 1 OOOv 

£0.69 
IS10 11200 1200v 

£0.79 
JOAmp 
IS30 / 50 50v £0.64 
IS301100 100v £0.79 
1530/200 200v £1.06 
IS301400 400v £1.43 
IS301600 600v £2.02 
15301800 800v £2.23 
IS3011 000 1 OOOv 

£2.65 
IS30 1 1200 1200v 

£3.31 
60Amp 
IS70/50 50v £0.86 
IS 701100 1 OOv £0.96 
IS701200 200v £1.38 
IS701400 400v £2.01 
IS70 i 600 600v £2.58 
IS 70 1800 800v £2.87 
IS 70 11000 1000v 

. £3.45 

AL20 5 watt amplifier module . £3.73 
AL30A 7-10 watt amplifier 

module · £4.35 
AL60 1 5-25 watt amplifier 

module £5.39 
ALSO 35 watt amplifier module £8.44 
AL 120 50 watt amplifier 

module £13.74 
AL250 125 watt amplifier 

module £19.24 
Pre-amplifiers 
PA 1 2 Stereo pre-amplifier 

module £8.94 
PA 1 00 Stereo pre-amplifier 

module £18.45 
PA200 Stereo pre-amplifier 

module £19.07 
Power Supplies 
PS 1 2 Power supply (24 volts DC) £1.72 
SPM80 Stabilised power supply 

(33v) £5.06 
SPM 120/45 Stabilised power 

supply (45v) £6.67 
SPM120/55 Stabilised power 

supply (55v) £6.67 
SPM 120/65 Stabilised power 

supply (65v) £6.67 
SG30 Power supply for equaliser £4.37 
Miscellaneous 
MPA30 Stereo magnetic cartridge 

pre-amp £4_42 
S.450 Stereo tuner £26.72 
Stereo 30 complete 7 watt 

stereo amplifier board £22.66 
BP 1 24 Siren alarm module 5 

watts £4_02 
G E 1OOM Kll 1 0 channel mono 

graphic equaliser £23-00 

SUPER 'Hi-8rite' Type 
1521 . 125 RED 
1522 2 REO 
1514 ORP12 Light dependent resistor 
1520 OCP71 Photo t ransistor 

£0.11 
£0.11 
£0.83 
£0.40 

- DL703. 7 segment D .P. left (30" height) com: 
monanodc. songledog ot O/N0 . 1523 £0.80 

DL707 REO 7 segment D.P. left (0 .3" height) com· 
mon anode. songle dogot 0 I NO . 1 51 0 £0.92 

DL527 REO 7 segment D.P. left (50" height) com­
mon anode . Two~dig i t reflector 

o/NO . 1524 £1.95 
DL727 REO. 7 segment D.P. rtght (. 510" herght) 

common anode _ Two-d1git light pipe 
OINO . 1521 £2.53 

DL 74 7 RED 7 segment D.P. left ( .630" height) 
common anode . Single-digit light pipe 

O / N0 . 1511 £1.72 

OPTO-ISOLATORS 
- . -
Isolation Breakdown- Vo ltage 150d- continuous fwd 

current 100mA 
CI L74 Single-channel 6 P.in DIP standard type -

optically coupled pa1r with infra-red LED emitter and 
NPN si licon photo trans1stor 0 / NO : 1497 £0.57 

CIL074 Multi-channel 8 p1n DIP two isolated channels 
O I NO : 1498 £1.15 

CILQ74 Multi-channel 16' pin DIP four isolated chan-
nels 0/NO: 1499 £2.53 ' 

A pack of 1 0 standard s1zes and colours wh1ch fail to 
pedorm to the1r very rig1d specification . but which are 
1deal for amateu rs who do not require the full .spec . 

0 NO. 1507£1.72 

1611 8 p;n DIL 
161 2 14 pin OIL 
1613 16pinDIL 
1720 18 pin OIL 
1721 20 pin OIL 
1722 22 pin DIL 
1614 24prnDIL 
1615 28 pin OIL 
1723 40 pin OIL 
1616 TO 18 transistor 
1617 T03 transistor 
1 611 7 ros trans;stor 
1 724 14 pin OIL W1re wrap 

gold plated Camboon 

£0.09 
£0.11 
£0.12 
£0.18 
£0.20 
£0.22 
£0.24 
£0.26 
£0.34 
£0.13 
£0.37 
£0.13 

£0.25 

G.P. SWITCHING 
TRANSISTORS 

T018sim to 2N706 / 8 BSY27128 t 95A 
ALL usuable dev1ces no open and shorts 
A.LSO available 1n PNP s1m to 2N290 / 
8CY70 
20 for 57p; 50 lor £1.15; 1 00 lor £2.07; 
500 for £9.20; 1.000 for £16.10; when 
ordenng slate N PN I PN P 

16 22 - TranSIStors Germ and Silicon 
Rectlf1ers-01odes -T nacs-Thynstors ICs and 
Zene rs ALL NEW & COOED Approx 100 
p1 ec es offer1ng th e amat~"ur a fantastic 
hargam PAK and an enormour savmg £2.58 

1 
, ALL PRICES INCLUDE VAT: ADD 35p POST PER ORDER rr---·- -··- ,; 

. 
JUST QUOTE YOUR ACCESS OR BARCLAYCARD NO. 1 

l .. ·- . ··-.. ·--- ; 
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DELTA OSCAR NANCY TANGO FOXTROT OSCAR ROMEO GOLF ECHO 
NIE ZAPOMNIJ PAID ANGHOFIO NICHT VERGESSEN NE TANGO 

FORGESU N'OUBLIEZ PAS DON'T FORGET - Whatever language you 
speak, you will be in very good company atthe A.R.R.A. 

EIGHTH NATIONAL 
AMATEUR RADIO AND 

ELECTRONICS EXHIBITION 

at the GRANBY HALLS, LEICESTER 
on NOVEMBER 8, 9 & 10 

£500 in Voucher Prizes PLUS Free Raffle Prizes at 14.00, 15.000, 16.00 and 
17.00 hours each day. OPEN THURSDAY, FRIDAY and SATURDAY, 10.00 
until 18.00 hours. Admission 50p. Concessionary tickets 40p for Clubs and 
Parties of 25 or more. DON'T FORGET . . . 

UNDISPUTEDLY THE FINEST SHOW IN EUROPE!! 

*Specification 
Diaplay: 8 X 1 Ocm with 1 em graticule 
squares 
Tube: 1 30BE I P3 1 
EHT: 1.6kV 
VERTICAL AMPLIFIER 
Sensitivity: 10mV/cm to 50mV/cm in 
12 steps 
BandWidth: DC to 6MHz-3dB; DC to 
10MHz-6dB 
Risetime: 55ns 
Input Impedance: 1 MO and 30pF 
Input: ::':' 400V max 
HORIZONTAL AMPLIFIER 
Sensitivity: 720mV I em to 50V I em 
Bandwidth: DC to 1 .5MHz- 3dB 
X-V Phase Shift: 5° d .c. to 50kHz 

MORE SCOPE 
FOR YOUR 
MONEY 
RADAT 3106C 
lOMHz SCOPE 
5" CRT 
As recommended by Practical 

Wireless 
TIME BASE 
Range : 0 .51's/cm to 1 Oms/em in 
ranges 
Magnifier: X 5 ( 1 OOns I em fastest sweep 
speed) 
Calibration: 5% 
Vernier: 12:1 continuous 
Trigger Senllitivity:l em deflection 1OHz 
to BMHz 
Automatic no manual controls 
Power Supplies: 100 to 135V and 200 
to 265V 
48-440Hz 1 5W 
Dimensions: 182 X 200 x 405mm 
4 .5kg 
Accessories: Main test prods and leads, 
Handbook 
Price: £169.95 inc. 15% VAT and 
carriage. 

Company orders welcome by phone or Telex. S.a.e . for brochure· 

KRAMER 8t CO. 
9 OCTOBER PLACE, HOLDERS HILL ROA.D 

LONDON NW4 1 EJ 
Tel: 01-203 2473_ Telex 888941 attn. K7 

Callers welcome by appointment only 

Please send me Radat 31 06C 1OM Hz Scope 

1/We enclose 
Please send me details of 5MHz + 6MHz Scopes YES NO 

Name 

Address 

TRADE ENQUIRIES WELCOME 

Full range available to replace 1 .'5 volt dry ceifs im.d 9 volt PP type~ 
batteries, SAE for lists and prices . £1.25 for booklet. "Nickel 
.Cadium Power, " plus catalogue. 

·· · Write or call at: 

SAN DWELL PLANT L TO . . 
2 Union Drive, Boldmere 

Sutton Coldfield, West Midlands 021-354 9764 
.See full rang·e at TLC. 32 -Craven .street, Charing Cross. London': 

WC2. 

ww 

TV TUBE REBUILDING 
Faircrest Engineering Ltd .. manufacture a comprehensive 
range of equipment for processing all types of picture tubes. 
colour and mono. Standard · or custom built units for estab~ 
lished or new businesses . We export world-wide and have an 
excellent spares service_ backed by a strong technical team. 

Full training courses are individually tailored to customers ' 
requirements . . 

For full details of our service contact Neil Jupp 

FAIRCREST ENGINEERING LTD. 
Willis Road , Croydon, CR02XX. 
01-6841422. 01-689' 8741 

WW- 027 FOR FURTHER DETAILS . 
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AC126 £0.21 
AC127 £0.21 
AC128 £0.18 
AC128K '£0.30 
AC132 £0.23 
AC134 £0.23 
AC137 £0.23 
AC141 £0.25 
AC141K £0.35 
AC142 £0.23 
AC176 £0.21 
AC176K £0.30 
AC178 £0.28 
AC179 £0.29 
AC180 £0.23 
AC180K £0.32 
AC181 £0.23 

.AC181 K £0.32 
AC187 £0.21 
AC187K £0.3.2 
AC188 £0.21 
AC188K £0.32 
A0140 £0.69 
A0142 £0.98 
AD143 £0.86 
AQ149 £0.811 
AD161 £0.40 
AD162 £0.40 
AD161 

162MP £0.81 
AF124 £0.35 
AF125 £0.35 
AF126 £0.35 
AF127 £0.37 
AF139 £0.40 
AF186 £0.58 

. AF239 £0.47 
AL102 £1 .38 
AL103 £1.36 
AU104 £1.61 
AU11Q £1.61 
AU113 £1.61 
BC107A £0.09 
8C1078 £0.10 
8C107C £0.12 
BC108A £0.09 
BC1088 £0.11 
BC108C £0.12 
8C109A £0.09 
BC1098 £0.10 
BC109C £0.12 
8C147 £0.08 

Type Price 
7400 £0.10 
7401 £0.12 
7402 £0.12 
7403 £0.12 
7404 £0.1·2 
7405 £0.12 
7406 £0.25 
7407 £0.25 
7408 £0.14 
7409 £0.14 
7410 £0.12 
74 11 £0.19 
7412 £0.17 
7413 £0.27 
7414 £0.57 
74 16 £0.26 
7417 £0.26 
7420 ~g:~~ ·7421 
7422 £0.18 
74 23 £0.24 
74 25 £0.21 
74 26 £0.26 

Type Price 
CD4000 £0.16 
CD4001 £0.17 
CD4002 £0.18 
C04006 £1.05 
CD4007 £0.19 
C04008 £1.05 
CD4009 £0.51 
C040 10 £0.55 
CD40 11 £0.17 
C04012 £0.18 
C0 40 13 £0.48 

Type Price 
CA301 I £0.92 
C03014 £1.55 
CA3018 £0.74 
CA3020 £1.95 
CA3028 £0.92 
CA3035 £1.61 
CA3036 £1.15 
CA3042 £1.72 
CA3043 £2. I 2 
CA3046 £0.811 
CA3052 £1.84 
CA3054 £1.26 
CA3075 £1.72 
CA3081 £1.72 
CA3ll89 £2.30 
CA3090 £4.14 
CA3113 £2.18 

BC148 £0.08 BC549 £0.12 BU105 £1 .84 
DC149 £0.08 8C550 £0.16 8U 105102 £2.24 
BC157 £0.12 BC556 £0.16 BU204 £1.61 
BC158 £0.12 BC557 £0.15 8U205 £1 .61 
8C159 £0.12 BC558 £0.14 BU208102 £2.58 
8C167 £0.14 8C559 £0.16 MJE2955 £1.04 
8C168 £0.14 80115 £0.58 MJE3055 £0.69 
8C169 £0.10 60116 £0.92 MJE3440 £0.60 
BC169C £0.12 80121 £0.75 MPF102 £0.32 
8C170 · £0.10 80124 £0.81 MPF104 £0.40 
6C171 £0.10 80131 £0.40 MPF105 £0.40 
8C172 £0.10 80132 £0.40 MPSA05 £0.23 
6C173 £0.10 60133 £0'.46 MPSA06 £0.23 
BC177 £0.18 80135 £0.44 MPSA55 £0.23 
8C178 £0.18 60136 £0.40 MPSA56 £0.23 
BC179 £0.18 60137 £0.40 OC22 £1.73 
BC180 £0.211 60138 £0.41 OC23 £1.73 
8C181 £0.10 80139 £0.41 OC24 £1.55 
BC182L £0.10 80140 £0.41 OC25 £1.15 
BC183 £0.10 80155 £0.82 OC26 £1.15 
6C183L £0.10 60175 £0.88 OC28 £0.82 
6C184 £0.10 80176 £0.89 OC29 £1 .09 
BC207 £0.13 80177 £0.78 OC35 £1.03 
8C208 £0.13 80178 £0.78 OC36 £1.03 
6C209 £0.14 60179 £0.88 OC70 £0.27 
6C212 £0.10 60203 £0.92 OC71 £0.17 
8C212L £0.10 80204 £0.92 TIC44 £0.33 
6C213 £0.10 8DY20 £0.92 TIC45 £0.40 
BC213L £0.10 8F457 £0.43 TIP2(}A £0.48 
8C214 £0.10 8F458 £0.43 TIP298 £0.48 
BC214L £0.10 8F459 £0.44 TIP29C £0.51 
BC227 £0.18 8F594 £0.35 TIP30A £0.48 
8C238 £0.18 8F596 £0.32 TIP306 £0.48 
BC251 £0.17 8FR39 £0.28 TIP30C £0.50 
BC251A 10.18 8FR40 £0.29 TIP31A £0.48 
6C30 1 £0.32 8RR79 £0.32 TIP31B £0.48 
8C302 £0.33 8FR80 £0.32 TIP31C £0.50 
6C303 £0.32 6FX29 £0.25 TIP32A £0.46 
8C304 £0.44 8FX30 £0.35 TIP32B £0.48 
8C327 £0.18 BFXB4 £0.25 TIP32C £0.50 
8C328 £0.17 BFX85 £0.28 TIP41A £0.50 
8C337 £0.17 BFX86 £0.29 TIP418 £0.52 
BC338 £0.17 BFX87 £0.25 TIP41C £0.55 
8C440 £0.35 8FX88 £0.25 TIP42A £0.50 
8C441 £0.35 BFYSO £0.18 TIP426 £0.52 
6C460 £0.44 8FY51 £0.18 TIP42C £0.55 
8C461 £0.44 BFY52 £0.18 TIP2955 £0.69 
BC477 £0.23 BIP1 9 £0.44 TIS43 £0.25 
BC478 £0.23 BIP20 £0.44 TIS90 £0.20 
8C479 £0.23 BIP19/ UT46 £0.23 
6C547 £0.12 20MP .£0.92 ZTX107 £0.11 
BC548 £0.12 BRY39 £0.51 ZTX108 ~0.11 

--1ype Price Type Price Type Price 
7427 £0.27 7472 £0.23 74105 £0.43 
7428 £0.29 7473 £0.28 74107 £0.27 
7430 £0.12 7474 £0.28 74110 £0.41 
7432 £0.25 7475 £0.33 74111 £0.86 
7433 £0.34 7476 £0.28 74118 £0.92 
7437 £0.25 7480. £0.50 74119 £1.35 
7438 £0.24 7481 £0.97 74121 £0.27 
7440 £0.13 7482 £0.78 74122 £0.44 
7441 £0.57 7483 £0.86 74123 £0.46 
7442 £0.46 7484 £1.01 74136 £0.59 
7443 £0.80 7485 £0.78 74141 £0.63 
7444 £0.80 7486 £0.25 74145 £0.63 
7445 £0.74 7489 £1.95 74150 £0.78 
7446 £0.69 7490 £0.36 74151 £0.55 
7447 £0.55 7491 £0.73 74153 £0.55 
7448 £0.64 7492 £0.40 74154 £0.94 
7450 £0.12 7493 £0.34 74155 £0.57 
7451 £0.12 7494 £0.86 74156 £0.57 
7453 £0.12 7495 £0.57 74157 £0.57 
7454 £0.12 7496 £0.57 74160 £0.86 
7460 £0.12 74100 £0.97 74161 £0.71 
7470 £0.28 74104 £0.44 74162 £0.71 

CMOS ICs 
Type Price Type Price Type Price 
C040 1 5 £0.87 CD4026 £1.38 CD404 3 £1 .01 
CD4016 £0.48 CD402 7 £0.51 C0.4044 £0.94 
CD401 7 £0.86 CD4028 {;0.78 - C0404 5 £1 .61 
CD40 18 £0.97 CD4029 £0.97 C0.4046 £1.49 
CD40 1 9 £0.48 CD4030 £0.55 CD404 7 £1.00 
CD4020 [1 .03 C04031 £2.30 CD4049 £0.48 
CD4021 £0.84 CD4035 £1 .15 CD4050 £0.48 
CD4022 £0.94 CD403 7 £1 .09 CD4D54 £1.26 
CD4023 £0.17 C0.4040 £1.01 CD4055 £1.15 
CD4024 £0.74 CD4041 £0.87 C04056 £1.55 
CD402 5 £0.17 C0404 2 £0.82 C04069 £0.19 

LINEAR 
Type Price Type Price 

CA3130 £1.06 MCI350 £1.38 UA710C £0.4& 
CA3141l £0.80 MCI352 £1.61 72710 £0.34 
LM301 £0.33 MC1409 £3.59 UA711C £0.3& 
LM304 £1.84 MCI496 £1.03 72711 £0.36 
LM308 £1.15 NE536 £3.05 UA723C £0.52 
LM309 £1.72 NE550 £1.09 72723 £0.52 
LM320·5V £1.72 NE555 £0.27 UA741C £0.27 
LM320· 12V £1.72 NE556 £0.69 72741 £0.27 
LMJ20·15V £1.72 NE565 £1.38 741P £0.23 
LM320-Z4V £1.72 NE566 £1.38 UA747C £0.69 
LM380 £0.97 NE567 £1.95 72747 £0.69 
LM381 £1 .66 UA702C £0.52 UA748 £0.40 
LM3900 £0.66 72702 £0.52 72748 £0.40 
MCI303l £0.97 UA703 £0.28 748P £0.40 
MCI304 £2.18 UA709 £0.28 SN76013N £2.01 
MCI310 £1.09 72709 £0.52 SN76023 £2.01 
MCI312 £2.18 709P £0.28 SN76110 £1.72 

ZTX 109 £0.11 
ZTX300 £0.13 
ZTXSOO £0.14 
2N1613 £0.23 
2N1711 £0.23 
2N1 689 £0.51 
2N1 690 £0.51 
2N1 693 £0.35 
2N2147 £0.86 
2N2148 £0.81 
2N2160 £1.15 
2N2192 £0.44 
2N21 93 £0.44 
2N2194 £0.44 
2N2217 £0.25 
2N221 8 £0.25 
2N2218A £0.23 
2N2219 £0.23 
2N2219A £0.25 
2N2904 £0.23 
2N2904A £0.24 
2N2905 £0.20' 
2N2905A £0.23 
2N2906 £0.18 
2N2906A £0.21 
2N2907 £0.23 
2N2907A £0.25 
2N2926G £0.10 
2N2926Y £0.09 
2N29260 £0.09 
2N2926R £0.09 
2N2926B £0.09 
2N3053 £0.18 
2N3054 £0.46 
2N3055 £0.46 
2N3614 £1.15 
2N3615 £1.21 
2N3616 £1.21 
2N3646 £0.10 
2N3702 £0.09 
2N3703 £0.09 
2N3704 £0.08 
2N3705 £0.08 
2N3706 £0.09 
2N3707 £0.09 
2N3708 £0.08 
2N3709 £0.08 
2N371 0 £0.08 
2N3711 £0.08 
2N3819 £0.21 
2N3820 £0.40 

Type 
74163 
74164 
74165 
74166 
74174 
74175 
74176 
74177 
74180 
74181 
74182 
74184 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
741g9 

Type Price 
CD 40 70 £0.19 
CD40 71 £0.19 
CD 40 72 £0.19 
CD4081 £0.19 
C04082 £0.20 
C04510 £1.13 
CD4511 £1.09 
C04516 £1.15 
C04518 £1.15 
C045 20 £1 .15 
C040 14 £0.92 

Type Price 
SN76115 £218 
SN76660 £0.16 
Sl414A . £2.24 
TAA550& £0.40 
TAA621A £2.30 
TAA621B £2.87 
TAA661 £1.72 
TAOIOO £1.49 
TBA540 £2.41 
TBABIOS £0.86 
TBA810 £1.12 
TBA820 £Q.IO 
TBA9200 £2.87 
TCA270S £2.30 
TBABOO £0.92 

Volts No 
. 50 THY1A / 50 
100 THY1A / 100 
200 THYlA/200 ' 
400 THY1A / 400 
600 THY1A1600 
BOO THY1A/800 

Volts No 
50 THY3A / 50 

·1 00 THY3A / 1 00 
200 THY3A I 200 
400 THY3A / 400 
600 THY3A / 600 
800 THY3AI800 

200M A 
IS920 50v 
IS921 100v 
IS922 150v 
IS923 200v 
IS924 300v 
1Amp 
IN4001 50v 
IN4002 100v 
IN4003 200v 
IN4004 400v 
IN4005 600v 
IN4006 800v 
IN4007 1000v 
1.5Amp 
IS015 50v 
IS020 100v 
IS021 200v 
IS023 400v 
IS025 600v 
IS027 800v 
15029 1000v 
IS031 1200v 
lAmp 
IN5400 50v 
IN5401 100v 
IN5402 200v 
IN5404 400v 
IN5406 600v 
IN5407 800v 
IN 5408 1 OOOv 

Amplifiers 

Price 
£0.32 
£0.34 
£0.37 
£0.48 
£0.57 
£0.74 

£0.07 
£0.08 -
£0.09 
£0.10 
£0.11 

£0.05 
£0.05 
£0.07 
£0.08 
£0.09 
£0. 10 
£0.11 

£0. 10 
£0.11 
£0.12 
£0.14 
£0.18 
£0.18 
£0.23 
£0.28 

£0.16 
£0.17 
£0.18 
£0.19 
£0.24 
£0.28 
£0.34 

Volts No. 
50 THY7A I 50 

100 THY7A I 100 
200 THY7 A I 200 
400 THY7 A I 400 
600 THY7Ai600 
800 THY7 A I 800 

Volts No 
50 THY10A 150 

100THY10A I 100 
200 THY10A 1200 
400 THY 1 OA / 400 
600 THY10A I 600 
800 THY 1 OA I 800 

10Amp . 

Price 
£0.55 
£0.,58 
£0.65 
£0.71 
£0.89 
£1.05 

Price 
£0.58 
£0.65 
£0.71 
£0.80 
£1.13 
£1.40 

IS 1 0 !50 50v £0.21 
IS10 / 100 100v £0.24 
IS 10/200 200v £0.26 
IS 10/400 400v £0.40 
IS10/600 600v £0.48 
IS10/800 BOOv £0.58 
IS 10/1000 1 OOOv 

£0.69 
IS10 11200 1200v 

£0.79 
JOAmp 
IS30 / 50 50v £0.64 
IS301100 100v £0.79 
1530/200 200v £1.06 
IS301400 400v £1.43 
IS301600 600v £2.02 
15301800 800v £2.23 
IS3011 000 1 OOOv 

£2.65 
IS30 1 1200 1200v 

£3.31 
60Amp 
IS70/50 50v £0.86 
IS 701100 1 OOv £0.96 
IS701200 200v £1.38 
IS701400 400v £2.01 
IS70 i 600 600v £2.58 
IS 70 1800 800v £2.87 
IS 70 11000 1000v 

. £3.45 

AL20 5 watt amplifier module . £3.73 
AL30A 7-10 watt amplifier 

module · £4.35 
AL60 1 5-25 watt amplifier 

module £5.39 
ALSO 35 watt amplifier module £8.44 
AL 120 50 watt amplifier 

module £13.74 
AL250 125 watt amplifier 

module £19.24 
Pre-amplifiers 
PA 1 2 Stereo pre-amplifier 

module £8.94 
PA 1 00 Stereo pre-amplifier 

module £18.45 
PA200 Stereo pre-amplifier 

module £19.07 
Power Supplies 
PS 1 2 Power supply (24 volts DC) £1.72 
SPM80 Stabilised power supply 

(33v) £5.06 
SPM 120/45 Stabilised power 

supply (45v) £6.67 
SPM120/55 Stabilised power 

supply (55v) £6.67 
SPM 120/65 Stabilised power 

supply (65v) £6.67 
SG30 Power supply for equaliser £4.37 
Miscellaneous 
MPA30 Stereo magnetic cartridge 

pre-amp £4_42 
S.450 Stereo tuner £26.72 
Stereo 30 complete 7 watt 

stereo amplifier board £22.66 
BP 1 24 Siren alarm module 5 

watts £4_02 
G E 1OOM Kll 1 0 channel mono 

graphic equaliser £23-00 

SUPER 'Hi-8rite' Type 
1521 . 125 RED 
1522 2 REO 
1514 ORP12 Light dependent resistor 
1520 OCP71 Photo t ransistor 

£0.11 
£0.11 
£0.83 
£0.40 

- DL703. 7 segment D .P. left (30" height) com: 
monanodc. songledog ot O/N0 . 1523 £0.80 

DL707 REO 7 segment D.P. left (0 .3" height) com· 
mon anode. songle dogot 0 I NO . 1 51 0 £0.92 

DL527 REO 7 segment D.P. left (50" height) com­
mon anode . Two~dig i t reflector 

o/NO . 1524 £1.95 
DL727 REO. 7 segment D.P. rtght (. 510" herght) 

common anode _ Two-d1git light pipe 
OINO . 1521 £2.53 

DL 74 7 RED 7 segment D.P. left ( .630" height) 
common anode . Single-digit light pipe 

O / N0 . 1511 £1.72 

OPTO-ISOLATORS 
- . -
Isolation Breakdown- Vo ltage 150d- continuous fwd 

current 100mA 
CI L74 Single-channel 6 P.in DIP standard type -

optically coupled pa1r with infra-red LED emitter and 
NPN si licon photo trans1stor 0 / NO : 1497 £0.57 

CIL074 Multi-channel 8 p1n DIP two isolated channels 
O I NO : 1498 £1.15 

CILQ74 Multi-channel 16' pin DIP four isolated chan-
nels 0/NO: 1499 £2.53 ' 

A pack of 1 0 standard s1zes and colours wh1ch fail to 
pedorm to the1r very rig1d specification . but which are 
1deal for amateu rs who do not require the full .spec . 

0 NO. 1507£1.72 

1611 8 p;n DIL 
161 2 14 pin OIL 
1613 16pinDIL 
1720 18 pin OIL 
1721 20 pin OIL 
1722 22 pin DIL 
1614 24prnDIL 
1615 28 pin OIL 
1723 40 pin OIL 
1616 TO 18 transistor 
1617 T03 transistor 
1 611 7 ros trans;stor 
1 724 14 pin OIL W1re wrap 

gold plated Camboon 

£0.09 
£0.11 
£0.12 
£0.18 
£0.20 
£0.22 
£0.24 
£0.26 
£0.34 
£0.13 
£0.37 
£0.13 

£0.25 

G.P. SWITCHING 
TRANSISTORS 

T018sim to 2N706 / 8 BSY27128 t 95A 
ALL usuable dev1ces no open and shorts 
A.LSO available 1n PNP s1m to 2N290 / 
8CY70 
20 for 57p; 50 lor £1.15; 1 00 lor £2.07; 
500 for £9.20; 1.000 for £16.10; when 
ordenng slate N PN I PN P 

16 22 - TranSIStors Germ and Silicon 
Rectlf1ers-01odes -T nacs-Thynstors ICs and 
Zene rs ALL NEW & COOED Approx 100 
p1 ec es offer1ng th e amat~"ur a fantastic 
hargam PAK and an enormour savmg £2.58 

1 
, ALL PRICES INCLUDE VAT: ADD 35p POST PER ORDER rr---·- -··- ,; 

. 
JUST QUOTE YOUR ACCESS OR BARCLAYCARD NO. 1 

l .. ·- . ··-.. ·--- ; 
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Future Film Developments 
36/38 Lexington Street, London, W1R 3HR. Tel : 01 -437 1892/3 Tlx: 21624 ALOFFD G 

WW;_028 FOR FURTHER DETAILS 

TOTAL AMPLIFICATION FROM :CR-IMSON ::.ELEKTRlK . 
WE. NOW OFFER THE \JYIDEST RANGE OF SOUND PRODUCTS~ 

STEREO 
PRE-AMPLIFIER 

POWER 
AMPLIFIER 
MODULE 

CPR 1 _THE ADVANCED PRE-AMPLIFIER. The best pre-amp'.ifier in the U.K . Th_e 
superiority of the CPR 1 is probably the d tsc stage . The overload margtn ts a superb 40dB , thts 
to ether with the high slewing rate ensures clean top, even w 1th h1gh output cartncfges 
tr1cking heavily modulated records . Common-mode distortiOn 1s ehmtnated by an unusual 
design . R.I .A .A . is accurate to 1 dB; signal to no1se rat10 ts 70dB relat1ve to 3 .5mV, dtstorttOn. 
< .005% at 30dB overload 20kHz. 

, Following this stage is the flat gain I balance stage to bring tape, tuner , etc . up to power ~mp . 
signal levels. Signal to noise rat to 86dB; slew-rate 3V/uS: T.H .D. 20Hz-20kHz<008 Yo at 
any level. 

F.E.T . ·muting . No controls are fitted . There is no provision for tone controls. CPR 1 size is 
·138x80x20mm. Supply to be:±" 15 volts . 

MC 1 _ PRE-PRE-AMPLIFIER. Suitable for nearly all moving-coil cartridges . Sensitivity 
?O f 170uV switchable on the p.c .b. This modu le brings s1gnals _from the now popular low 
output moving-coil cartridges up to 3 .5mV (typtcal s1gnal requtred by m ost pre·amp d1sc 
inputs) . Can be powered from a 9V battery or from our REG 1 regulator board . 

X02:X03 -: ACTIVE CROSSOVERS . X02 - two way. X03 - three way . Slope, 

24dB/octave. Crossover potnts set to order wtthin 10% . 

REG 1 _POWER SUPPLY. The regulator module , REG 1 provides 15-0 -15v to power the 
CPR 1 and MC 1 . It can be used with any of our power amp suppli es or our small transformer 
TR 6 . The power amp kit will accommodate 1t. 

POWER AMPLIFIERS. It would be pointless to list in so small a space the number of · 
recording studios, educational and government establishments, etc, w ho have been us t ~g 
CRIMSON amps satisfactorily for quite some t1me. We have a reputat1on for the htghest qual tty 
at the lowest prices . The power amp is available tn ftve types, they . aH have the same 
specification . T.H .D. typically 0.1% any power 1kHz 8 ohms. T.I.D . tns1gn1f1cant, slew rate 
limit 25V 1 uS; signal to noise ratio 11 OdB; frequency response 1OHz-35kHz. - 3d B. stabili ty 
unc<'nditional, protection drives any load safely ; sens1ttvtty 775mV (250mV or 1 OOmV on 

request) . size 120x80·25mm. 

POWER SUPPLIES. We produce sCitable power suppiies which use our superb TOROIDAL 
transformers only 50mm high with a 120-240 primary and smgle bolt f1x1ng (tncludes 

capacitors/ bridge rectifier). 

POWER AMPLIFIER KIT. The kit includes all metalwork, h1eatsinks and hardware to house 
any two of our power amp modules plus a power supply. It )s contemporarily styled and 1ts 
quality is consistent w1th that of our other product~ . Com_wehens1ve .nstruct1ons and full 
back-up services enable a nov1ce to build It w1th confidence 11t1 a few hours . 

PRE-AMP KIT . ! . . . 
This includes all metalwork , pots, knobs, etc ., to make a complete pre-amp with the CPR 1 (S) 
module and the MC 1 (S) module if required . 

POWER AMPLIFIER MODULES 
CE 608 60W / 8 ohms 35-0-35v . 
CE 1004 IOOW/4 ohms 3S.Q. 3 5v 
CE 1008 IOOW/8 ohms 45-0 -45v 
CE 1704 170W/4ohms 45-0 -45v 
CE 1708 1 70W/8 ohms 60-0-60v 

TOROIDAL POWER SUPPLIES 
CPS 1 for 2xCE 608 or TxCE 1 004 
CPS2 for 2xCE 1004 or 2 / 4xCE 608 

·CPS3 for 2xCE 1008 or t xCE 1 704 
CPS4 for 1 xCE t 008 . .. 
CPSS 1 for 1 xCE 1 708 
CPS6 for 2xCE t 704 or 2xCE 1708 

HEATSINKS 
Light duty, 50mm , 2 C/W ... . . 
Medium power, 1 OOmm , 1-4 C / W 
Oisco / group, tSOmm, 1· 1 C/ W 
Fan . 80mm. state 120 or 240v 
Fan mounted on two drilled 1 OOmm heatsinks 
2x4 C/ W, 65 max. with two 170W 
modules 

THERMAL CU!·OFF, 70' C 

£19.52 
£23.02 
£25.96 
£31.00 
£33.97 

£16.56 
£18.80 
£19.75 
£17 .12 
£24.15 
£25.53 

£1 .44 
£2 .35 
£3.04 

£19.70 

£31.05 

£1 .54 

POWER AMP KIT £35.03 

PRE-AMPS 
These are available in two versions -
one uses standard components. and 
the other (the S), uses MO resistor~ 
where necessary and tantalum capac1-

CPR 1 
MC1 
CPR IS 
MC1S 

ACTIVE CROSSOVERS 
,X02 
X03 

POWER SUPPLY 

. . £31.65 

. . £21.28 
. £40.87 

. . £33.17 

. £15.16 

. £Z3.58 

REGI £6.90 TR6 £1.97 

PRE-AMP KIT £38.07 . 

BRIDGE DRIVER, aD1 
Obtain up to 340W using 2x 170W 
amps and th is module 
801 . £5.75 

CRI MSON ELEKTRIK 
1A STAMFORD STREET, LEICESTER LE1 8NL. Tel. (0533) 5535_08 

U.K. - Please allow up to 21 daya for delivery .... _ . 
A·~ p r•ces shown a·~e· UKo-;:;ryancr. ncTude VAT and post COD 90Pextra £100 lim•t Export is no problem . please wrtte 

for spec•f•c quote . Send large SAE or 3 International Reply Coupons for detailed tnformatton 

0 1 stnbutors . Mtmc Teleprodukter. Box 12035 . $.750 12 Uppsala 12 . Sweden . Badger Sound Servtces Ltd .. 46 
W ood Street . Lyt ham St . Annes. La ncash tre. FYB 1 QG 

To obtain further details of any of 
the coded items mentioned in the 
Editorial or Advertisement pages 
of this ~ue, please complete one 
or more of the attached cards 
entering the reference number(s). 
Your enquiries will be passed on to 
the manufacturers concerned and 
you can expect to hear from them 
direct in due course. Cards posted 
from abroad require a stamp. 
These Service Cards are valid for 
six months from the date of 
publication. 

Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one year's subscription 
you may apply direct to us by 
using the card at the bottom of 
this page. You may also apply to 
the agent nearest to you, their 
address is shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

Australia: Gordon & 
Gotch (Australasia) Ltd, 
380 Lonsdale Street. 
Melbourne 3000, Victoria 

Belgium: Agence et 
Messageries de Ia Presse, 
1 Ruedela Petite-ILE 
Brussels7 

Canada: Davis Circulation 
Agency, 153 St. Clair 
Avenue West. Toronto 195, 
Ontario 

Cyprus: General Press 
Agency Ltd, 131 Pro­
dromou Street, P.O. Box 
4528, Nicosia 

Denmark: Oansk 
Bladdistribution, 
Hovedvagtsgade 8, 
Dk. 1103 Kobenhavn. 

Finland: Rautakirja OY, 
Koivuvaarankuja 2, 
01840 Vantaa 64, Finland. 

Franca: Dawson-France 
S.A., B .P.40, F-91121, 
Palaiseau 

Garmany: W. E. Saarbach 
GmbH, 5 Koln 1. 
FollarstraSM 2 

Greece: Hellenic 
Distribution Agency, 
P .0. Box 316, 245 
Syngrou Avenue, 
Nee Smyrni, Greece. 

Holland:Van DltmarN.V., 
Oostelilka Handalskada11. 
Amsterdam 1004 · 

India: ln"rnational Book 
House, Indian Mercantile 
Mansio11 Ext, Madame 
Cama Road, Bombey 1 

Iran: A.O.A., 151 Khiaban 
Soraya, Tehran 

Israel: Stelmatzky's 
Agency Ltd, Citrus House, 
P.O. Box 628, Tel Aviv 

Italy: Intercontinental 
s.a.s. Via Veracini 9, 
20124 Milano 

Japan : Western Publica­
tions Distribu1ion Agency, 
170 Nishi-Okubo 
4-chome, Shinjuku-Ku, 
Tokyo160 

Lebanon: levant Distri­
butors Co., P.O. Box 1181, 
Makdesi Street. Halim 
Hanna Bldg, Beirut 

Malaysia: Times 
Distributors· Sdn. Bhd., 
Times House, 
390 Kim Sang Road. 
Singapore 9, Malaysia . 

Malta: w. H. Smith 
Contlnentelltd, 
18a Scots Street, Valleta 

New Zealand: Gordon & 
Gotch (New Zealand) ltd, 
102 Adelaide Road. 
Wellington2 

Nigeria: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street, P.O. Box 139, 
Lagos 

) 

Norway: A/S Narvesens 
Kloskompani, Benrand 
Narvesens vei 2, Oslo 6 

Ponugal: Livaria 
Bertrand s.a.r.l 
Apartado 37, Amadora 

South Africa: Central 
News Agency Ltd, P.O. 
Box 1033, Johannesburg 

Spain: Comercial 
Atheneum 1.1. ConseJo de 
Ciento,1·30-136 Barcelona 
115 

Sweden: Wennegren 
Williams A B. Fack S-104, 
25 Stockholm 30 

Switzerland: Neville & 
Cie SA; Rue Levrier5-7, 
CH-1211 Geneve 1 
Schmidt Agence AG, 
Savogelstrasse 34, 
4002 Basle 

U.S.A. : John Barios, 
IPC Business Press, 
205 East 42nd Street, 
New York, N.Y.10017 
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Please arrange for me to receive further details of the products listed, 

the appropriate reference numbers of which have been enteied in the 

space provided. · 

Name .. 

Name of Company ......... . . .. . .. . 

Address ................ . 

Telephone Number . . . 

I PUBLISHERS I 
USE ONLY 

Position in Company ..... 

I I 
Nature of Company/Business ..... . ... ..... . . .... . ........... . 

No. of emp.loyees at this establishment .... .. .. . .... ....... . ....• 

I wish to subScribe to Wireless World 0 
VALID . FOR SIX MONTHS ONLY 

~----~-------CUTHU£ _________ _ 
I 
·I 
I 
I 
I 
I 
I a .. 
I 
I 
I 
I 
I 
I 
I 

Wireless World: 
Subscription Order Form 

To become a subscriber to Wireless World 
please complete the reverse side of 
this form and return it with your 
remittance to: 

Subscription Manager, 
I PC Business Press, 
Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
England 
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Please arrange for me. to receive further details of the products listed, 
the appropriate reference numbers of which have been entered in the 
space provided. 

I 
I 
I 

Name .........•.. . ........... ····· · ···~·················· I ww .... ww .... ww .. . . 
ww .... ww .... ww ... 

Position in Company . . . . . . . . . • . • . • • . . . • . . . . . • . . . .. . . . . . . . . .. 

'WW •••• ww .... ww .... 
ww ..... . ww .... ww .... Name of Company . . ............•.•.......... .. .....• : •.••.. 

ww .... ww .... ww ... Address, ........... . .......•............................ . 

ww .... 'WW •••• ww .... 
ww .... W'll •.•• ww .... 
ww .... ww .... ww .. · .. Telephone Number .........•.•..•.•.........•...•. · ·• • .•.. · 

ww .... ww .... ww .... 
ww .... ww .... ww .... Nature of Company/Business .. .............................. . 

ww .... ww .... ww .... No. of employees at this establishment ............•...••........ 

ww .... 'WW •••• ww .. ~. 
ww .... ww .... ww .... 
ww ... ww .... ww .... 

VALID FOR SIX MONTHS ONLY -----------CUT H£RE ___________ _ 
Postap will 
be paid by 
Licensee 

Do not affix Postage Stamps if posted in 
Gt. Britain, Channel Islands or N. Ireland 

BUSINESS REPLY SERVICE. 
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WIRELESS WORLD, 
PRODUCT REPLY SERVICE, 

429 BRIGHTON ROAD, 
SOUTH CROYDON, 
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Wireless World Subscription Order Form Wireless World. October 1979 WW 970 

UK subscription rates 
1 year: £9.00 

Overseas 1 .year: £12.00 

USA & Canada subscription rates 
1 yesr: $31.00 

Please enter my subscription to Wireless World for 1 year 

1 enclose remittance value ............................................................................. made payable to 

IPC BUSINESS PRESS Ltd. 

Name .......................................................................................................... .-............................................. . 

Address ...................................................................................................................... : ............................ .. 

I 
I 
I 
I 
I 
I 
I 
('\ 

c .... 
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OVERSEAS ADVERTISEMENT 
AGENTS 

Hungary Mrs. Edit Bajusz, Hungexpo 
Advertising Agency, Budapest XIV, 

Varosliget- Telephone: 225 008-

Telex: Budapest 22-4525 INTFOIRE 

Italy Sig. C. Epis Etas-Kompass, S.p.a.­
Servizio Estero, Via Mantegna 6, 

20154 Milan- Telephone 347051-

Telex: 37342 Kompass 

Japan Mr. lnatsuki, Trade Media- IBPA 
(Japan), B212 Azabu Heights, 1-5-10 

Roppongi, Minato-Ku, Tokyo 106-

Telephone : (03) 585-0581 

United States of America Ray Barnes, 
*I PC Business Press 205 East 42nd Street. 

New York, NY 10017- Telephone: 

(212) 689 5961 -Telex : 421710 
Mr. Jack Farley Jnr., The Farley Co .. 
Suite 1 548, 35 East Wacker Drive, 

Chicago, Illinois 60601 -Telephone: 

(312) 6 3074 

Mr. Victor A Jauch. 
Elmatex International, 

P.O. Box 34607, 

Los Angeles Calif. 90034 U.S .A. 
Telephone: (213) 821 8581 

Telex: 18-1059. 
Mr. Jack Mentel, The Farley Co., Suite 605, 
Ranna Buildin'g, Cleveland, Ohio 4415-

Telephone: (216) 621 1919 

Mr. Ray Rickles, Ray Rickles & Co., 
P.O. Box 2008, Miami Beach Florida 
33140- Telephone: (305) 532 7301 

Mr. Jim Parks, Ray Rickles & Co., 

3116 Maple DriveN. E., Atlanta, Georgia 

30305. Telephone: (404) 237 7432 

Mike Loughlin, IPC Business Press, 
15055 Memorials, Ste 119, Houston, Texas 

77079- Telephone: (713) 783 8673 

Canada Mr. Colin H. MacCulloch, 
International Advertising Consultants Ltd .• 

.915 Carlton Tower, 2 Carlton Street, 

Toronto 2- Telephone ( 416) 364 2269. 

*Also subscription agents 

WIRELESS WORLD. OCTOBER 1979 1 13 

4S6 

4D-10B. 40-25. 

There's a range of answers. 
There's something every one of our scopes has in 

common. Great accuracy, tremendous reliability and 
keener pricing, plus free delivery on UK mainland. 

Take the new 40-1 OB. The fully stabilised power .. . 
supply gives 3%accuracy. There's a full XY facility using 
CMOS ICs for extra reliab~lity, Z modulation for . 
brightening or dimming the trace, 1OM Hz scan at fu ll 
bandwidth over the full screen area, trace locate and TV 
field trigger. At £21 0.00* it's astonishing value. 

Or the 40-25. A dual trace model with DC-25M Hz 
bandwidth and 1 OmV /em sensitivity. Signal delay 
allows you to trigger from and see the leading edge of 
any signal. Trigger level and slope are selected on one 
dual function control. 3% accuracy and still only 
£360.bb*. 

Plus the 4S6 single beam 6MHz bandwidth model 
with easy to use controls. 1 OmV sensitivity and timebase 
range of 1 us to 1 OOms I em. Lightweight, com pact and 
a very good price. £144.00*. 

Return the coupon for full details of the range that 
gives you a lot more scope . 

*UK list price excluding VAT. 

~OPEX 
I Scopex Sale;,- - - - - - - -~ 

I Pixmore Avenue, Letchwort h, Herts SG6 lJJ. 1 
Tel: (04626) 72771. 

I Please send me fu ll details of the Scopex range. I 
I I I Name I 
1 Company I 
I Add ress I 
I t 
I I 
1..:: Tel: . ww 1ong ___________ ::..~ 

WW-090 FOR FURTHER DETAILS 

C2002 1336 
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BD131 BF257 0.28 OAZ201 1.15 

i ~g:~ 0.44 BF258 0.30 GEX66 1.73 OAZ206 1.15 OC264 2.88 
AA119 0.12 ASZ15 1.44 BCI72 8.12 0.39 BF259 0.37 GEX541 2.02 OAZ207 1.15 OC205 2.88 
AAY30 0.31 ASZI6 1.44 BC173 8.14 BD136 0.39 BF336 11.35 GJ3M 0.88' OC16 2.30 OC206 2.88 
AAY32 0.48 ASZI7 1.44 BC177 8.17 BD137 0.40 BF337 0.35 GMIJ378A 2.02 OC20 2.811' OC207 2.02 . 
AAZI3 0.21 ASZ20 1.72 BCI78 8.18 BDI38 0.48 BF338 9.38 KS100A 0.52 OC22 2.88 OCP11 1.44 
AAZ15 0.39 ASZ21 2.30 BCI79 8.18 BD139 0.49 BFS21 4.55 MJE340 0.92 OC23 3.16 ORP12 1.15 
AAZ11 0.31 AU113 1.96 BC182 8.13 BD140 8.51 BFS28 2.58 MJE370 1.35 OC24 3.45 R2008B 2.02 
AC107 0.89 . AUY10 2.30 BC183 8.12 BDI44 2.30 BFSSI 11.23 MJE371 0.71 OC25 1.04 R2009 2.59 
ACI25 0.23 · AUIIO 1.86 . BCI84 D.l3 BD181 1.26 BFS98 0.23 MJE520 0.60 OC26 1.04 R2010B 2.02 
AC126 0.23 BAI45 0.15 BC212 0.15 BD182 1.36 BFW!O 0.74 ' MJE521 0.83 OC28 2.30 TIC44 0.35 
AC127 0.23 BAI48 0.15 BC2!'3 8.14 BD237 0.48 BFWll 0.74 MJE2955 1.44 OC29 %.30 TIC226D 1.38 . 

AC128 0.23 BA154 0.10 BC214 8.17 BD238 0.83 BFX84 o.zs MJE3055 0.88 OC35 1.73 TIL209 0.23 
ACI41 0.29 BA155 0.12 BC237 0.10 BDX!O 1.05 BFX85 0.28 MPFI02 0.35 OC36 1.73 TIP29A 0.47 
ACI41K 0.40 BA156 0.10 BC238 0.14 BDX32 2.30 BFX87 0.24 MPFI03 8.35 OC41 0.92 TIP30A 0.48 
AC142 0.23 BAWS2 0.06 BC301 0.29 BDY20 1.44 BFX88 0.24 MPF104 0.35 OC42 0.88 TIP3JA 0.51 
AC142K 0.35 BAX13 0.07 BC303 0.28 BDY60 1.72 BFY50 0.30 MPFI05 0.35 OC43 2.59 TIP32A 0.55 
AC17S 0.23 BAX1S 0.10 BC307 0.12 BFI15 0.29 BFY51 0.30 MPSA06 0.28 OC44 0.89 TIP33A 0.79 
ACI87 0.23 BC107 0.14 BC308 0.12 BF152 0.21 BFY52 0.30 MPSA56 0.30 OC45 0.63 TIP34A 0.84 
ACI88 0.23 BCI08 0.14 BC327 0.23 . BF153 0.23 BFY64 0.30 MPSU01 0.41 OC71 0.63 TIP41A 0.72 
ACY17 0.98 BCI09 0.15 BC328 0.21 BF154 0.20 BFY90 1.44 MPSU06 0.53 OC72 0.63 TIP42A 0.81 
ACY18 0.92 BC113 0.14 · BC337 8.21 BFI59 0.29 BSX19 0.24 MPSU56 0.56 OC73 1.15 TIP2955 0.77 
ACY19 0.88 BC114 0.15 BC338 0.20 BF160 0.18 BSX20 0.23 NE555 0.52 OC74 0.74 TIP3055 0.64 
ACY20 0.80 BC115 0.16 BCY30 1.15 BF167 0.23 BSX21 0.23 NKT401 uo OC75 0.74 TIS43 0.52 
ACY21 0.88 BC116 0.17 BCY31 . 1.15 BF173 0.23 BT106 1.44 NKT403 1.99 OC7S D.63 ZSI40 0.29 

- ACY39 1.72 BC117 0.20 BCY32 1.15 BF177 0.28 BTY79/ 400R NKT404 1.99 OC77 1.38 ZS170 o.u 
AD149 0.80 BC118 0.12 BCY33 1.04 BF178 0.28 3.67 OA5 1.08• OC81 8.74 ZS178 0.82 
ADI61 0.52 BC125 0.18 BCY34 1.04 BFI79 0.29 BU205 2.02 OA7 0.83 OC81Z 1.38 ZS271 0.28 
ADIS2 0.52 BC12S 0.23 BCY39 3.45 BFISO 0.35 BU206 2.59 OAIO 0.74 OC82 0.74 ZS278 0.65 
AFI06 0.52 BC135 0.16 BCY40 1.15 BFISI 0.35 BU208 2.30 OA47 0.18 OC83 0.74 ZTXI07 0.13 
AF114 0.88 BC136 0.17 BCY42 0.29 ' BFI82 0.35 BYIOO 0.52 OA70 8.35 OC84 0.7.4 ZTXIOB 0.12 
AF115 0.88 BC137 0.17 BCY43 0.29 BFI83 0.29 BY126 0.18 OA79 0.35 OC122 1.73 ZTX109 0.14 
AF116 0.86 BC147 0.10 BCY58 8.18 BF184 0.29 . BY127 0.17 OASI 0.35 _ 'octzs 2.02 ZTXJOO 0.14 
AF117 0.88 BC148 0.09 BCY70 o.J7 BFI85 0.29 BZX61 0.21 OA85 0.35 OCI39 2.59 ZTX301 0.15 
AFI39 0.48 BC149 0.10 BCY71 0.20 BF194 0.10 Series OA90 1.09 OC140 3.141 ZTX302 0.17 
AFI86 1.38 BC157 0.10 BCY72 0.15 BF195 0.10 BZY88 0.15 OA91 0.09 OCI41 3.74 ZTX303 o.zo 
AF239 0.52 BC158 0.09 BCZII 1.72 BFI96 0.12 Series OA95 0.08 OC170 1.15 ZTX304 0.22 
AFZll 3.16 BC159 O.IZ BD115 0.52 BFI97 8.14 , CRSI/40 OA200 0.10 OCI71 us·. ZTX311 0.14 
AFZ12 3.16 BC167 0.14 BDI21 1.38 BF200 0.31 CRS3/06 OA202 0.10 OC200 1.73· ZTX314 0.23 
ASY26 0.48 BC170 0.13 BD123 1.38 BF224 0.23 CRS3/40 OA211 1.15 OC201 2.82 ZTX500 0.15 
ASY27 0.46 BC171 O.IZ BD124 1.50 OAZ200 1.15 2.02 ZTX501 0.16 · 

E130L 19.39 EF86 1.74 GXUI 16.10 PC97 1.36 QY5-3000A 1.44 5B254M 23.12 
E1BOCC 8.88 EF89 . 1.84 GXU2 28.43 PC900 1.38 112.56 1.20 5B255M 23.12 

AIB24 10.35 El80F 7.83 EF91 2.07 GXU3 ».49 PCC84 1.15 QZOS.20 27.72 Vl.S631 15.24 5C22 48.00 
A:JlJ87 13.58 El82CC 9.34 EF92 6.03 GXU4 32.77 PCC85 1.38 RIO 5.75 XGI-2500 3Z.37 5Jl80E 851.00 
A2134 10.08 E188F 11.82 EF93 1.15 GXU50 12.80 PCC88 1.38 Rl7 1.89 XG2-6400 12.98 5R7GY 2.30 
A2293 8.82 EI88CC 7.36 EF94 1.24 GY501 us PCC89 1.56 RIB 4.118 XG$-500 19.32 5U4G 4.35 
A2426 13.50 E280F 25.88 EF95 5.25 GZ32 1.44 PCCI89 ,1.61 Rl9 1.38 XGQ2-MOO 5U4G8 2.111 
A2521 11.62 E283CC 9.82 EF98 1.44 GZ33 uo PCC805 1.51 R20 1.88 1118.15 5V4G 1.75 
A2900 18.98 E288CC 17.25 EFI83 0.92 GZ34 2.18 PCC606 2.07 RG3-250 3Z.49 XRI-1600A 5Y3GT 0.88 
A3343 25.56 EA52 19.43 oEFI84 0.98 GZ37 4.111 PCEB2 2.07 RG3-250A 34.09 27.54 5Z3 1.73. 

. AZJI 1.28 EA7S 2.02 EFB04S 7.47 KT61 4.82 PCF80 1.15 RG3-1250 28.58 XRI-3200 7U4 5Z4G 1.75 
AZ41 1.32 EABC80 1.38 EF805S 8.05 KT66 7.18 PCFB2 1.15 RG4-1250 13.13 XRI-3200A 5Z4G7 1.75 
BK448 88.43 EAC91 0.92 EH90 1.81 KTB8 1.20 PCF86 1.84 RG4-3000 75.44 711.94 6-301.2 1.79 
BK484 111.54 EAF42 1.44 EK90 1.24 KTW61 2.12 PCF87 1.84 RR3·250 48.68 XRI·6400 64.24 6AB4 1.44 
BS90 31.33 ' EAF801 2.02 EL32 1.73 KTW62 2.82 PCF200 ·2.82 RR3-1250 88.20 XR1-6400A 6AB7 1.73 
BSBIO 35.24 EB41 2.30 EL33 4.02 KTW63 2.82 PCF201 2.45 SIIEI2 38.48 Je.30 · . 6AC7 1.81 
BT5 43.47 EB91 1.01 EL34TH 2.53 M8079 11.59 PCF801 1.84 Sl30 2.30 YD1120 ZZII.60 6AF4A 1.84 
BTI7 79.29 EBC33 2.02 EL34M 2.57 M8080 7.88 PCF802 1.82 SIJOP 2.88 ' YD1240 241.50 6AG7 2.311 
BT19 27.08 EBC41 1.44 EL36 1.64 M8081 9.15 PCF805 1.84 SIV280-4011.50 Z759 11.04 6AH6 5.52 
BT29 242.113 EBC81 1.26· EIAI 1.44 M8082 6.41 PCF806 1.84 S'IV280-80Z4.15 ZMIOOO 6.03 6AK5 3.18 
BT'69 247.30 EBC90 11.97 ElA2 2.02 M8083 7.59 PCF808 1.84 SU41 2.88 ZMIOOI 8.19 6AK6 2.81 
BT75 102.46 EBF60 0.58 ELBI 1.28 M8091 11.85 PCL82 1.15 SU42 11.35 ZMI020 10.83 6AL5 1.01 
BT95 95.18 EBF83 1.44. EL83 1.44 M8096 4.31 PCL83 1.82 TDOJ.IO 24.73 ZMI021 10.17 6AM4 2.85 
CBLJI 2.30 EBF89 o.&7 EL84 1.15 M8097 4.89 PCL84 1.15 TO OJ. I OE 28.18 ZMI022 IUO 6AM5 4.43 
CL33 2.30 EBLJI 2.88 EL86 2.48 M8096 4.37 PCL85 1.24 TDOJ.IOF 27 •• ZMI023 8.81 6AM6 2.tr1 
CY31 l .U EC90 1.28 EL90 1.10 M8099 5.18 PC1.86 1.24 TTI5 34.50 ZMI040 22.28 SANS 8.12 
CIK 11.50 EC91 7.87 EL91 7.44 MSIOO 8.23 PCL805/85 1.24 TT21 14.18 ZMI041 19.1. 6AN8A 3.80 
C3A 11.50 EC92 1.44 EL95 1.51 M8136 8.46 PD500 4.14 TT22 14.16 ZMI042 211.44 6AQ5 uo. 
CJJA 23.23 EC157 278.82 ELl 56 18.68 M8137 8.72 P£06-40N 31.40 TTIOO 511.51 ZMI051 1011.116 SAR5 1.84 
DA41 21.50 ECC33 4.02 ELJOO 6.3Z M8140 b.17 PFL200 2.07 TY2-125 85.33 IB3GT 2.58 6AS6 6.42 
DA42 12.30 ECC35 4.02 EL500/504 2.18 MB141 5.52 PL36 1.38 TW4-400 71.61 1B24 11.50 SAS7G 7.76 
DAIOO 52.90 . ECC40 1.44 EL509 3.83 MBI42 6.15 PLBI 1.38 TY4-500 95.40 IB35A 28.75 GATS 0.98 
DAF91 0.48 ECCSI 1.01 EL821 11.06 MBI44 4.31 PLBIA l.S8 TY5-500 147.20 1863 57.50 6AU5CZT 4.81 
DAF96 1.15 ECC82 0.82 El.822 11.38 MBI49 5.86 Pl.82 1.38 TY6-l!OO 185.70 1R5 1.21 SAUS 1.24 
DET22 24.15 ECC83 1.01 EM34 5.75 M81Sl 7.67 . PL83 2.55 TY6-5000A 1S5 0.-M SAV5GT 4.36 
DET24 52.90 ECC84 1.36 EM80 1.28 M8162 7.59 PL84 1.24 283.05 IT4 0.-M 6AV6 0.18 
DF91 0.48 ECC85 1.38 EMS! 1.15 M8163 5.17 PL504/5 1.61 TY6-5000B 2ASI5 11.50 6AX5GT :1.57 
DF96 1.15 ECC86 2.30 EM84 1.15 M8190 5.28 PL50B 2.07 238.90 2C39A 21.85 6B7 1.73 
DK91 l.Zl ECC88 2.07 EM85 1.44 M8195 4.25 PL509 3.45 TY6-5000W 2C43 211.70 688 2.02 
DK92 1.44 ECC89 1.88 EM87 1.73 M8196 7.47 PL519 3.73 236.44 2021 2.94 6BAS 1.15 
DK96 1.28 ECC91 8.72 EN32 14.80 M8204 6.57 PL801 1.27 TY7:6000A 2E26 7.82 6BA7 5.89 
01.92 1.26 ECC189 1.90 EN91 2..94 M8212 11.78 PL802 3.40 288.93 2J42 89.70 .6BABA 4.31 
DL94 1.38 ECC907 2.02 EN92 5.81 MB223 3.18 PY33 1.27 TY7-6000W 2J55 201.25 6BC4 4.27 
01.96 1.26 ·ECC606 2.59 EYSI 2.02 M8224 3.85 PY81 0.97 232.47 2J70A 270.25 IilES 1.24 
DLSIO 9.48 ECF80 1.24 EY81 1.89 MB225 2.911 PY82 0.92 TZ40 17.25 2J70B 287.50 SBHS 1.75 
DLS15 12.37 ECFB2 1.38 EY83 2.0Z MB248 11.55 PY83 0.81 U1S-20 2.88 2K25 40.25 6BJS 1.24 
DLS1S 12.37 ECF86 1.73 EY84 9.75 MU14 1.73 PY88 1.01 U19 10.33 3-400Z 51.75 6BK4 4.84 
DLSI9 12.37 ECH35 2.30 EY88 O.M MX119 53.82 PY500A 2.07 U25 1.33 3-500Z 63.25 6BL6 97.75 
DM711 1.44 ECH42 1.32 EY88 2.02 MX123 83.25 PYSOO 0.97 U26 1.68 3A5 1.55 6BL7GT 4.44 
DM71 1.44 ECH81 1.38 EY500A 2.23 MX145 . 50.40 PY801 0.97 U37 10.35 3824 9.20 6BM6 97.75 
DM160 3.96 ECH83 1.44 EY802 94 MX151 15.18 QQV02-S 13.16 UABC80 1.44 3828 5.18 6BNS 1.811 
DY88n 0.73 ECH84 1.47 EZ35 97 MX152 llS.OO QQV03-6 5.44 UAF42 1.44 3B29 11.50 SBQ7A 4.14 
DYB02 0.96 ECLBO 1.15 EZ40 1.44 MX1Sl 128.72 QQV03-20A UB41 1.44 3B240M 17.25 6BR7 4.60 
E55L 25.17 ECLBI 1.73 EZ41 1.44 MX163 19.55 20.13 UBC41 1.73 3B241M 17.25 6BRB 2.02 
ESOCC 9.27 EC1.82 1.15 EZ80 0.96 MXI64 21.14 QQV06-40A UBF89 1.38 3C23 13.89 6BS7 4.60 
E80CF ll.96 ECL83 1.73 EZ81 D.M MX166 126.50 40.25 UCC84 1.26 3C45 22.77 6BW6 4.60 
EBOF 9.75 ECL84 1.61 EZ90 1.38 MXI68 40.25 QQV07-50 50.14 UCC85 1.38 3CXIOOA5 23.00 6BW7 1.75 
E80l. 9.51 ECL85 1.28 FW4-500 2.88 N78 IUS QQZ03-20A UCF80 1.32 3E29 29.87 6BX7Gr 5.70 
EBICC 8.82 EC1.86 1.38 FW4-SOO 2.88 OA2 1.78 58.80 UCH42 1.38 3S4 1.28 . 6BZ6 2.62 
EBIL 10.28 EF37A 4.02 Gl.371K 23.23 OA3 5.83 QQZ06-40A UCH81 2.87 3V4 1.38 . 6C4 1.01 
E82CC 7.03 EF39 3.16 G551K 12.65 OA4 4.02 55.10 UCL82 1.20 465A 28.13 6CB6A 2.78 
E83CC 7.16 EF40 1.3Z Gl80.2M 18.42 OB2 1.44 14.38 UCL83 1.68 4-125A 41.99 6CD6GA 5.64 
E86C 12.48 EF41 1.38 G240.2D 12.85 OB3 2.20 4.31 UF41 1.15 4-250A 41.08 6CG7 2.55 
E88C 6.71 EF42 2.30 G400.1K 19.28 OC2 3.04 2.88 UF42 1.44 4-400A 52.05 6CH6 7.48 
EBBCC 3.86 EF50 1.73 GN4 8.82 OC3 2.20 ll8.45 UF80 1.68 4832 29.16 6CL6 4.12 
E90CC 9.34 EF54 5.75 GN4A 8.82 003 2.20 53.74 UF85 1.68 4C35 -M.OO 6CW4 8.33 
E90F 9.71 EF55 2.88 GS16 111.35 OZ4 1.84 56.78 UF89 1.68 4CX250B 28.53 602 1.01 
E91H 5.34 EF80 D.92 GTIC 18.81 PC88 1.61 65.93 UUI 1.84 4CX350A 48.88 SDKS 2.59 
E92CC 8.88 EF83 2.02 GU50 14.31 PC88 1.61 75.67 UL84 1.38 4X150A 24.41 6DQ6B 4.49 

. E99F 9.3t 0.92 PC95 1.49 58.39 UM~ 1.15 . 4Xl50D 28.75 6EA8 131 

INTEG CUlTS 7495 0.83 

BASES CRTs 
5ADPI 40.25 7400 0.18 7423 0.37 7460 0.21 7496 0.92 
5BPI 11.50 7401 0.18 7425 . 0.35 7470 0.40 7497 3.45 
SCP! I !.SO 7402 0.18 7427 0.33 7472 0.38 74100 t.n 

B7G unskirted 0.17 ZAP! 9.78 5ADPI 40.25 VCR138A 14.38 7403 0.18 7428 0.49 7473 0.41 74107 0.52 
87Gskirted 0.35 2BP1 10.35 5BP1 11.50 VCR139A 9.20 7404 0.20 7430 0.20 7474 0.46 74109 0.81 
B9A unskirted 0.17 3BPI 9.20 5CP1 5.75 VCR517A 11.50 7405 0.18 7432 0.35 7475 0.62 74110 0.58 
B9Askirted 0.35 3D PI 5.75 5CP1A 48.00 v·cR.s11s tl.5o 7406 0.48 7433 0.41 747S 0.48 74111 0.81 
IntOctal 0.29 3EGI 8.05 5FP15A 17.25 VCR517C 11.50 7407 0.46 7437 0.37 7480 0.83 7411S 2.02 
Loctal 0.83 3FP7 6.90 5UP7 16.10 Tube Bases 8.86 7408 0.23 7438 0.37 7482 0.8ti. 74118 1.15 
Nuvistor base 0.86 3GPI 6.90 DG7-5 28.75 7409 0.23 7440 0.21 7483 l.CM 74119 1.73 
Spin DIL 0.17 3JP1 9.20 DG7-32 41.40 7410 0.18 7441 0.97 7484 1.15. 74120 0.95 
l4pln DIL 0.17 3JP2 9.20 DH3-9! 35.65 7412 0.30 7442 0.83 7486 0.40 74121 0.48 
16pin on.. 0.20 3JP7 11.50 DH7-\I 78.20 7413 0.37 7447AN 1.04 7490 0.60 74122 0.89 
Valve screening 3KPI 17.25 VCR97 13.80 7416 0.37 7450 O.Zl 7491 0.92 74123 1.15 
cans all sizes 0.35 3RP1 40.25 VCR138 ll.50 7417 0.37 7451 0.21 7492 0.89 74125 0.83 

3WPI 23.00 7420 0.20 7453 0.21 7493 0.69 74126 0.83 
7422 0.23 7454 0.21 7404 74128 0.89 

Terms of bwiinaa: CWO. Postage and packing valvM and. semiconductors lOp per order. CRTa £1. All prices include VA't. 
Price ruling at time of despatch. 
In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to prells. 
Account facilities available to approved companies w ith minimum order charge £1 0. Carriage and packing £1 on credit orders. 
Over 10,000 types of valves, tubes and semiconductor s in stock. Quotations for any types not listed. S.A.E. 

Open to callers Monday· Friday 9 a.m.-5 p.m. 
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8.18 2Nl309 0.63 
0.28 2Nl613 0.29 

ZTX504 11.23 2Nl671 1.73 
ZTX531 0.23 2NI893 0.29 
ZTX550 0.18 2N2147 2.02 
1N914 0.08 2N2148 1.89 
1N916 o.os 2N22!8 0.29 
1N4001 0.07 2N2219 0.28 
IN4002 0.07 2N2220 0.21 
IN4003 0.08 2N2221 O.ZI 
IN4004 0.08 2N2222 0.21 
IN4005 0.08 2N2223 3.16 
1N4006 0.08 2N2368 0.20 
1N4007 0.10 2N2369A 0.24 
1N4000 0.07 2N2484 0.23. 
1N4148 8.07 2N2646 0.83 
1N5400 0.15 ·2N2904 0.29 
1N5401 0.15 2N2905 0.29 
1544 0.05 2N2906 0.24 
15920 0.08 2N2907 0.24 
15921 o.os 2N2924 0.24 
2G301 1.15 2N2925 0.25 
2G302 1.15 2N2926 8.16 
2G306 1.27 2N3053 0.29 
2N404 1.15 2N3054 0.58 
2N696 0.29 2N3055. 0.81 
2N697 0.29 2N3440 0.89 
2N698 0.35 2N3441 0.92 
2N705 1.38 2N3442 1.28 
2N706 0.17 · 2N3614 1.73 
2N708 0.23 2N3702 0.13 
2N930 0.23 2N3703 0.15 
2Nll31 0.30 2N3704 0.15 
2Nll32 0.30 2N3705 0.15 
2Nl302 0.40 2N3706 0.15 
2Nl303 0.40 2N3707 0.15 
2Nl304 0.52 2N3708 0.12 
2Nl305 0.52 2N3709 0.15 
2Nl306 0.58 2N3710 0.12 
2Nl307 0.58 2N371.1 __ "-12 

0.83 

2.44 12El4 '34.50 
6EW6 1.73 13El 82.20 
6FS 2.0Z 19H4 2&75 
6F23 1.84 19H5 411.25 
6F28 1.33 2489 43.87 
6F33 22.08 30Cl5 1.84 
6Hl 14.38 30Cl7 1.84 
SH2N 1.21 30Cl8 1.84 
6H3N 1.21 30F5 1.113 
6HS 1.73 -JOFLI/2 1.28 
6J4 6.10 30FLI2 2.07 
6J6 8.%1 30FLI4 1.64 
6J7 9.04 . 301.1 1.15 
6K4N 1.44 30Ll5 2.07 
6K6GT 1.50 30Ll7 2.07 
6K7 1.73 30P4 1.08 
6K8 • 2.02 30Pl9 1.38 
6KD6 7.08 30PLI 1.52 
6L6G 2.88 30PLI3 2.07 
6L6GA 1.73 30PLI4 1.113 
6L6GT 2.24. 30PLI5 2.07 

' 6L6GC 2.24 35W4 0.89 
6L7 2.30 50C5 0.81 
6N2P 1.21 75Bl 4.26 
6N3P 1.21 75Cl 2.24 
6N7 1.73 85Al 11.63 
SP25 4.14 85A2 2.19 
6Q7 2.53 90AG 9.15 
6R7 2.07 90AV 9.15 
6SA7 1.67 90Cl 2.24 
6SC7 1.73 90CG 15.73 
6SF7 1.84 90CV 15.30 
6SH7 1.73 92AG 9.15 
6SJ7 1.84 92AV 9.15 
6SK7 1.50 95Al 5.118 
6SK7GT 3.08 15082 2.78 
6SN7GT 1.84 15083 5.118 
6SQ7 1.50 150C2 1.73 
6SR7 1.73 150C4 2.19 
6SS7 2.07 f 2ll 6.90 
6U5G 2.30 723AB 40.25 
6U8 0.92 803 11.50 
6U8A 3.24 805 23.00 
6V6GT 1.84 807 2.30 
6X4 1.38 BllA 1.78 
6X5GT 8.97 812A 9.60 
7B7 1.98 813 38.80 
7C5 2.02 833A 88.25 
7C6 1.44 886A 6.81 
7H7 2.30 872A 15.81 
7R7 1.73 922 5.01 
7S7 2.59 931A 14.08 
7Y4 1.84 1624 2.59 
7Z4 2.13 1625 I.M 
11E3 80.82 2050 8.00 
12ATS .1.38 4212E 189.90 
12AT7 1.01 4212H 207.00 
12AU6 2.83 5544 82.10 
12AU7 0.63 5545 87.85 
12AV6 2.30 5551A 88.44 
12AV7 3.98 5552A 119.34 
12AX7 1.01 5553A 259.10 
12AY7 5.24 5642 8.05 
12B4A 3.50 5654 4.05 
12BA6 2.42 5651 2.07 
12BE6 2.55 5670 5.29 
12BH7 1.29 5675 14.03 
12BY7 101 5e87 7.08 
12El 8.17 5696 4.53 
12El!TI .. 19.26 5718 7.36 

74132 0.81 74173 1.61 
74136 0.83 74174 1.73 
74141 0.92 74175 1.04 
74142 2.65 74176 1.26 
74143 2.88 7417& 1.44 

' 74144 2.88 
74145 1.04 

74179 1.44 
74180 1.32 

74147 2.30 74190 1.73 
74148 2.02 74191 ·1.73 
74150 1.84 74192 1.55 
74151 0.97 . 74193 1.55 
74154 2.02 74194 . 1.44 
74155 0.97 74195 1.15 
74156 . 0.97 74196 1.38 
74157 0.88 74197 1.26 
74159 2.42 74198 2.59 
74170 2.65 'M199 2.59 
74172 76013N 2.02 

Telephone 01-677 2424/7 
Telex 946708 
E. 8t O.E. 

2N3772 2.30 . 
2N3773 3.45 
2N3819 0.41 
2N3820 0.52 
2N3823 0.63. 
2N3866 0.83 

. 2N3904 o;J5 
2N3905 0.15 
2N3906 0.15 
ZN4058 0.16 
2N4059 0.12 
2N4060 0.14 
2N4061 0.14 
2N4062 0.15 
2N4124 0.17 
2N4126 0.17 

• 2N4288 0.23 
2N4288 0.25 
2N4289 0.28 
2N5457 0.40 
2N5458 0.40 
2N5459 0.40· 
25017 7.48 
25019 7.48 
25026 13.80' 
25103 1.73 
2S302 0.86 
25303 0.86 
25322 0.92 
25324 1.44 
25701 1.73 
25745A 0.40 
25746A 0.40 

5725 6.28 
5726 4.05 

. 5727 5.52 
5749 5.73 
5751 5.36 
5763 4.14 
5814A 4.81 
5840 5.08 
5842 15.59 
5876A 13.08 
5879 5.57 
5886 12.08 
5963 3.45 
5965 4.07 
60ffi 6.33 
6021 5.13 
6057 4.02 
6058 10.40 
6059 4.111 
6061 4.89 
6062 4.31 
0063 4.20 . 
6064 8.50 
6067 4.1Q· 
fH12 8.$3 
6080 7.88 
6097AXBXC 

Sl46A 
S1488 
Sl59 
S189 
6201 
6442 
6883B 
6973 
7025 
7551 
7588 
7587 
7609 
7868 
7895 
8005 
8068 
S122 
8136 
8417 
18042 
111045 

46.00 
. 5.89 

6.42 
9.18 
9.25 
5.93 

17.25 
8.81 
4.05 
2.82 
8.83 

13.08 
22.54 
38.57 
4.53 

14.84 
34.50 
8.33 

48.30 
2.81 
8.14 
6.92 

10.66 

Tested 
Ex-Equipment 

4CX2508 5. 75 

TAA570 2.65 
TAA630S 4.02 
TAA700 4.50 
TBA480Q 2.12 
TBA520Q 2.65 
TBA530 2.28 
TBA540Q 2.65 
TBA550Q 3.70 
1'BA560CQ 3.70 
TBA673 2.52 
TBA700 1.75 
TBA 720Q 2.65 
TBA750Q 2.38 
TBASOO 1.38 
TBA920 3.34 
TBA920Q 3.34 
TBA990Q 3.34 
TCA270Q 3.34 
TCA760A 1.59 
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SERVICE TRADING co-GE-AR-ED_M_O-TO-RS---.. 
FT3 NEON FLASH TUBE ' . v~~IABLE VOLTA~NE TTR~~~!cos~~~RS 100 R.P.M. 1151bs. ins.!! ~--: . 

115 

. H1gh intens•ty, mult•·turn. h•gh voltage neon glow PU 115 lb. ins., 110 volt. 50Hz, 2 .8 amp, single phase, •.. ·- ~ 
d1scharge flash tube. Des1.Qn for JQn1t1on t1m1~g etc. E 1 .50. OUTPUT VARIABLE 0/260¥ AC ~;~~caf~~i11~r 9~~~.t::~r.F~~n:~of~t"I~-~~;~~~~~~~Y . ,r. .· ... 
P&P 25p (£2.01 me . VAT). 3 for £3. P&P 50p (£4.03 inc BRAND NEW. All types- Length 250mm. Dia. 135mm. Spindle Dia. 1 5.5mm . 

VAT & P) . . 200W (1 Amp) f'stted A / C Length 1 1 5mm, ex-equipment tested £12.00 Post · · 

Voltmeter ••• • • • • ·; •- £14.50 £1 .50 (£15.53 inc . VAT & P) . Su ita.ble transforme·r··· ,· . · • ...., 
WHY PAY MORE?! 
MULTI RANGE METERS Type Mf15A . 
AC/OC volts 10 . 50. 250. 500. 1000. Ma . 0-5 
0 -10. 0-100 . Sens it ivity 2000V. 24 ranges, 
dimens1ons 133 X 93 x 46mm. Price£7.00plus 
SOp P&P (£8.63 me . VAT & P) . 

TRIAC. 
Raytheon tag symmetrical Triac . Type Tag 250/500V. 10 amp 500 piv 
Glass passivated plastic triac. Swiss precision product for long term 
reliability £1.25 P&P 10p (£.'-65 inc. VAT & P) (inclusive· of date and 
application sheet) . SUitable D1ac 22p. 

0 to 60 MINUTES CLOCKWORK TIMER. 
Double pole 15 amp 230V AC . Contacts (n'O dial). £1.50. P&P 30p 
(£2.07 inc. VAT & P). N.M.S. 

MERCURY SWITCH 
Size 27m x 5mm, 10 for £5.00 P&.P 30p, total 
including VAT £6.10. Min. quantity 10 . 
N.M.S 

230 VOLT AC FAN 
ASSEMBLY 
POW'erful continuously rated AC motor complete 
with 5 blade 6Y2" or 4 blade 3 '~ aluminium fan 
New reduced price £3.00 P&P 65p (£4.20 inc. 
VAT &P). 
N.M .S 

21-WAY SELECTOR 
SWITCH with reset coil 
The ingenious electro mectianical device can be 
switched up to 21 positions and can be reset from 
any position by energising the reset coil. 
230 /240V AC operation . Unit is mounted on 
strong chassis. Complete with cover. Price £5.50 
P&P 75p (£7.19 inc. VAT & P) . N.M .S . 

• - · 
. 

" 

A.E.G. CONTACTOR 
Type LSS/ L 1 1. Coi l 240V 50Hz. Contacts- 3 make: 600V .: 20 amp . 1 
break: 600V.: 20 amp . Price: £5.50 + 50p P&.P (£6 .90 inc . VAT . & P) 

• N.M.S. 

TORIN BLOWER 
2201240V AC Aperture 10X4\'zcm ove rall size 
16X 14cm. Pr ice £3.75 P&P 75p (i nc \ VAT 
£5.18) . Other types available . SAE for details 
N.M.S 

24V DC BLOWER UNIT 
USA made 24V DC 0.8 amp blower that operates well on 12V 0 .4 amp 
DC producing 30 cu ft min at normal atr pressure . Max imum housing dia 
11 Omm, depth inc motor 75mm, nozzle length 19mm, dia 22mm. Ideal 
for cooling mobile equipment , car, caravan . etc. £4.50 P&P 75p (£8.04 
1nc VAT & P). N.M.S 

SMITH BLOWER. 
Type FFB 1706 . Small quiet smooth runni ng . 240V. AC operation . 
Output aperture 4 5 X40cm . Overall size 135x 1 65cm . Flange 
mounting . Pnce £4.25 P&P 75p. (Total. £5.75 mel. P & VAT) . N.M.S. 

MINIATURE UNISELECTOR 
12V 1 1 way 4 bank (3 non-bridging. 1 homing). £3.00 P&P 35p (£3.85 
inc . VAT & P) 

MICRO SWITCHES . . .. 
Sub min lever m/sw1tch type MML46 . 10 for £2.50 • • 
+VAT=£2.88 (£3.22 inc . VAT & P) . 
Type 3 115M 906T 10 for £2.50 po. st paid (£2.88 inc . VAT 
&~ •· 
SF lever operated 20A . c/o . mf. Un1max USA. 10 for £4.00 
P&P 50p (min. order 10) (£5 .18 inc. VAT & P) . 
D.P. C/0 lever m/switch, mfg. by Cherry Co, USA. Precious metal, low 

· resistance contacts . 10 for £2.50. P&P 30p. Total inc. VAT £3.22 (min 
10). N.M .S . 

HEAVY DUTY 
SOLENOID 
Mfg . by Magnetic Devices . 240V AC 
Intermittent operation. Approx . 201b. pull at 
1. 25in. Ex. equip . Tested . Price £4.75 + 
75p P&P (£8.33 inc . VAT & P). R & T. 
PYE EYTHER 
240V AC Solenoid . Approx 1 \b pull. 14" 
travel, intermitant rating . Price £1.00 P&P 
20p (£1.38 inc VAT&. P) N.M.S 
WESTOOL TYPE M M8 MODEL 2 
240V AC. Approx . 1 '4 lb pull at v, inch. Rating 1 Price £1.50 P&P 20po 
(£1.96 inc. VAT & P). N.M.S . 
18-24V DC 70 ohm Coil Solenoid. Push or Pull. Adjustable travel to 
3/16in . Fitted with mounting brackets and spark suppressor . Size : 100 
X 65 X 25mm. Price : 3 for £2.40 + 30p P&P (m in . 3 off) (£3.1 0 inc . 
VAT & P) 

240V AC SOLENOID OPERATEDfl 
FLUID VALVE 
Rated 1 p.s.i. will handle up to 7 p.s.i. Forged brass · 
body, stainl_ess steel core_and spring % in. b .s .p. inlet 
outlet. Precision made. Bntish mfg . 
Price £3.50 Post 50p (£4.60 inc. VAT & P) . N.M.S . I 
INSULATION TESTERS 
(NEW) 
Test to lEE spec . Rugged metal construction. suitable 
for bench or field work, constant speed clutch . Size L. 
Bin. W. 4in, H. 6in , weigh! 61b . 
500.VOLTS 500 megohms 

. £49.00 Post BOp (£57.27 inc . VAT & P) 
1000 VOLTS 1000 megohms 

£55 .00 Post BOp (£64.17 inc . VAT & P) 
SAE for leaflet 

0.5 KVA (Max. 2Vz Amp) - £17.00 R23&0T/240volt m.oo Post 75p (£10.06 inc. VAT & P) . •:B ' . ., 
1 KVA (Max. 5 Amp) • •••• £22.50 ~ 
2 KVA (Max. 10 Amp) • • • - £37.00 GEARED MOTORS '- • 
3 KVA (Max. 15 Amp) - • - - £45.50 28 r.p.m .. 201b. inch 1 15V AC Reversible motor. !_:. . ( 

Carriage and 
VAT extra 

5KVA(Max.25Amp} •• --£74.00 71r.p.m.101b.inch. 115VACReversJb\emotor. ' 
10 KVA (Max_ 50 Amp) •• £188.00 ~~~3~~~s~~~o::~t drawing. Price eithertype£4.75 + 75p P&P. 

17 KVA (Max. 75 Amp) • • £280.00 Supplied with transformer for 240V AC operation £7.25 + P&P £1 . 
L T TRANSFORMERS (£9.49 inc. VAT+ P&P) . 
0-1 OV-1 5V at 3 amp (e• new equip) £2.50 P&P 50p (£3.45 inc . VAT) N.M .S. 
13-0-1 3V at 1 amp £2.50 P&P 50p (£3.45 inc VAT) 
25-0-25V at 2V• amp £4.50 P&P 75p (£6.04 inc . VAT & P) 
0-4V /6V /24V /32V at 12 amp £18.50 P&P £1 .90 (£23.46 inc . VAT & P) 
0.6V /12V at 20 amp £14.70 P&P £1 .50 (inc. VAT £16.63) 
~~~Vat 20amp or 0-24V at 1 Damp £1 z.oo P&P £1 .50 (£15.53 inc. VAT 

0-6V I 1 2V at 10 amp £8.25 P&P £1.25 (inc . VAT £10.93) 
~;,Y~1p~V/17V/18V/20V at 20 amp £19.00 P&P £1 .50 (£23.58 inc. 

0-10V/1 7V /18Vat 10 amp £10.50 P&P £1 .50 (inc. VAT £13.80) 
JOB LOT1 Pnmary 240V. Secondary 6V at 1 .66 amp. Size : 3X 2 X 2in. 
Pnce: £1.50 P&P 50p. (Total £2.30 mel. p & VAT). N.M .S. 
Other types m stock; phone for enquiries or send SAE for leaflet . 

ew ceramic constr-~ction, vitreous enamel 
embedded winding, heavy duty brush assembly, 
conti.nuously rated . 

25 WATT 10. 25, 100, 150. 250. 500. 1 k. 1.5k ohm £2.40 Post 
20p (£2.99 me. VAT & P). 50 WATT 250 ohm £2.90 Post 25p 
(£3.62 me . VAT & P) . 100 WATT 1/5/10/25 / 50/100/250/ 
~~~~~~;1o0/1k11.5k/2.5k/5k ohm . £5.90 Post 35p (£7.19 inc . 

Black Silver Skirted Knob calibrated-in Nos. 1-9. 1 Y2 in . dia brass 
bush . Ideal for above Rheostats, 28p e•. 

SPECIAL OFFER 
BERCO type L RHEOSTAT . 
~5rJ.~m 300 watt 1.86 amp £7 .50 P&P 50p (Total £9-.20 inc VAT) . 

BLOWER / M PU 
3 phaseAC motor, 220/ or 380/440V, 1,425 rpm V. hp cont . Dire~t 
coupled to William Allday Alcosa carbon vane blower/vacuum pump. 0 .9 
dm 8 hg. Price £22.00 P&P £2.00 (£27.60 inc. VAT & P) N.M.S. 

EQUIPMENT S.A.E.IFoolscap)fordetails 

XENON FLASH 
GUN TUBES 
Range of Xenon tubes available from 
stock . S.A.E. for full details 

R E LAYS Wi.de range of AC and DC !ela_ys available 
from stock . Phone or write 10 your en· 
qutries. 

230/240V AC Relays: Arrow. 2 c/o. 15 amp £1.50 (£1.96 inc . VAT 
& P). 
T.E .C. open type 3 c/o. 10amp £1 .10 (£1.50 inc. VAT & P) . 

. DC Relays: Open type 9/1 2V 3 c/o 7 amp £1.00 (£1 .38 inc. VAT & P) . 
Sealed 1 2V 1 c I o 7 amp octal base. £1 .00 (£ 1 .38 inc. VAT & P) . Sealed 
1 2V 2 c/o 7 amp octal base. £1.25 (£1.67 inc. VAT & P) Sealed 1 2V 3 
c/o 7 amp 11 -pl n, £1.35.(£1.78 inc. VAT & P). 24V. Sealed 3 c/o 7 
=~:R1e:~~~;~~.'35 (£1.78 Jnc . VAT & P) (amps= contact rating). P&P on 

Other types available- phone.for details . . N.M .S . 
Very "f'ecial off .... 9-1 2V D.C., 2 make contacts. new ITT3 to· £1.75 
+ 25p P&P (inc . VAT £2.30) . 
Diamond H heavy duty AC relay 230/240V AC. two c/o contacts 25 
amps res at 250V AC £2.50 P&P SOp. (£3 .45 in c . VAT+ P&P). SMcial 
base50p. 1 

FRACMO MOTOR . . fq__:, . - ~: "' 
sharplength 35mm, dia. 16mm, weight 6 kilos · ' · ) 
56rpm 50\bs inch 240V AC revers1ble. 0. 7 amp .. ' ,17. . 1. ..· .·. 
600 grams. Price £15.00 P&P £1 .50 (£18.98). : 
N.M.S. ; . . . _ j 

FRACMO MOTOR 
1400 rpm HP 1-30 continuously rated 11 5V AC fitted w it h 
anti-vibration cradle mounting. Supplied complete with transformer 
for 230-24DV AC op . £10.00 P&P £1 .00 (Total £12.65 inc . VAT) . 
N.M.S . 

PARVALUX MOTOR TYPE 
S.D.2 
12V DC shunt 1 /30th ph motor. Continuously 
rated 4.000 rpm . Price £10.00 P&P 75p 
(£12.36 inc VAT & P) . N.M.S . 

PARVALUX 230/250V AC 
MOTOR 
Type SD1 B 240V AC reversible 30 rpm 501ba 
inch. Price £15.00 P&P £1 .50 (£18.98 inc. VAT). 
N.M.S 

CITENCO 
FHP motor type C 7333/15 220 fi40V AC 19 
rpm reversible motor, torque 14.5 kg . Gear ratio 
144 : 1 . Brand new incl. capacitor , our price 
~1~~~5 + £1 .25 P&P (£11.83 inc. VAT & P). 

-..... . ~ .. ; . ' 

~..· .... .... -. 

CROUZET- 230/240V AC 2 rpm synchronous geared motor £2.90 
P&P 30p (Total £3.68 inc VAT) . N.M.S 
HAYDON - 230/240V AC 1 rpm synchronous geared motor £2.90 

· P&P 3Dp (Total £3.68 inc VAT) N.M.S ... 

REVERSIBLE MOTOR 230V AC 
General Electric 230V AC, 1 ,600 r .p .m. 0 .25 amp. Complete with 
anti·vibration mounting bracket and capacitor. 0/A size 1 10mm x 
90mm. Spindle 5/16 dia. 20mm long . Ex-equipment tested £3.00. Post 
50p (£4.03 inc. VAT & P). 

BIG INCH 
Tiny precision·built 3 rpm USA motor size only 1 x 1, 11 1 OOV. AC 
operation supplied with resistor for 230V. AC. Price: £2.00 P&P 20p 
(£2.53 incl. P & VAT). 4 for £5 .00 postpaid (£5.75 incl. VAT) . N.M.S . 

12V DC GEARED MOTOR 
Precision built min iature motor . 6/1 2V DC operation . Incredibly 
powerful for size. 
Approx speed at 6V 60 rpm 40 ma 
Approx speed at 9V 80 rpm 50 ma 
Approx speed at 1 2V 1 20 rpm 60 ma 
Size 27mm dia. 38mm length. weight 55 gram. Drive spindle 5 mm x 2 
mmdta. 
Price: £2.50 post paid (£2.88 inc . VAT) . 

REDUCTION DRIVE 
GEARBOX 
Ratio 72:_1 . Input spindle 1A X V2in . Output spindle % X 3in . ·long 
Overall SIZe approx . · 120 X 98 X 68mm. All metal construction. 
Ex-equip. tested. Price: £2.00 +50~ P&P (£2.88 inc . VAT)~-.. - . .. ,;. 

'VENNER TYPE' ERD TIME . ) .·. 
SWITCH : :I J~ • 
200/250V AC 30 amp. 2 on I 2 off every 24 hrs . at any · , ...... . 
manu~lly pre·set time . 36·ho~r spring reserv~ and day · 1 
omtt_ttng. device . Built to h1ghest Electric1ty Board . !IIIJIIii 
specificatiOn. Price £8.00 P&P 75p. (£11.21 ). R & T. , . . .' 

SANGAMO WESTON TIME SWITCH 
Type S251 200/ 250VAC 2 on 2 off every 24 hours. 20 amps contacts 
w1th overnde sw1tch, diameter 4" x 3 ·, pnce £8.00 P&.P 50p (£9.78 
me. VAT & P) . Also available w1th solar d1a l. R & T 

AEG TIMESWITCH 
200 /250V AC 1 on I 1 off every 24 hours. 80 amp contact (ideal storage 
heaters). Sprmg reserve £10.00 P&.P SOp (Total £12.08 inc . VAT) 
N.M.S. 

AC MAINS TIMER UNIT 
Based on an electric clock, with 25 amp, single· 
pole switch, which can be preset for any period up 
t? 12 hrs. ahead to switch on for any length of 

~~~i i~r~aT 61g :~.s~~0di~l:r~i·~:~7s s:~~~n~~~:o~ ~.~ . . ~~~~)1 
rated. Ideal for Tape Recorders. Lights. Electric •:--
Blankets etc . Attractive sat in copper finish. Size 
135 mm x 130 mm x 60 mm. Price £2.25. Post 
40p. (Tota l inc . VAT & Post £3.05). N.M .S . 

2-CAM PROGRAMMER 
Crouzer 1 rpm . 115V. A .C Motor operating 2 Roi iP.r Micro switches (4 
amp) . Can be used on 240V AC w1th e1ther 0.25 mfd 2 50V Condenser 
or 5.6K w1rewound Res istor 7 watt (not suppl1ed) Pnce £2.50 + SOp 
P&P (£3.45 mc VAT & Pi 

MINIATURE 24-HOUR 
TIMESWITCH (German mfr.) 
240V A C operauon . Spnng reserve 10 
amp contacts. one on-off every 24 hours 

METF.RS (New)- 90mm ;~~~~~a~ee~ ~ ~~ t;~ohuor~r ~:~s 0~1i~~.~;_ 
DIAMETER ~·· Unusual feaiUre wiJh these swJtches •s that 

AC Amp •• Type 62T2: 0-lA, 0-5A, 0 -20A. AC Voh. · .~ . ( ~~1gi~ 1~uaar ~aey~e~~b~P.~r~~r;~~~~a~~~~;;_ 
YET ANOTHER OUTSTANDING OFFER ~~gX: g_-~g~cicD;o:~tf-·1;~:~-~g~sAI?·t;~~s0£~~5A0 ~~ •.- .' qUJred . Size only 3 " x 4" Depth 2W' Pnce 
New IMFD 600V Dubilier wire ended capacitors, 10 for £1.50 P&P 50p ea . + P&P 50p. (£4.60 Incl. VAT). 0 -SOA DC. 0_1 OOA DC. - - · £6 .50 ., SOp P&P (£8.05 '~cl. VAT & P) 

~~': ://':::::~::: •: Callus SERViCE"TRADING co _____ N_._~_&s•T•-:.=_•~-~-~0-~-~-i~iu.ofn•a~-~u_;~-~s-~-~s.ut~.P~.us_ .. 
-Ample Parking 

57 BRIDGMAN ROAD CHISWICK LONDON W4 588 01 -9951560 

. Showroom open Mon-Fri. ACCOUNT CUSTOMERS MIN. ORDER £10.00 

PERSONAL CALLERS ONLy 
9 LITTLE NEWPORT STREET. 

LONDON. WC2H 7JJ 
Tel. 01-437 0576 
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BD131 BF257 0.28 OAZ201 1.15 

i ~g:~ 0.44 BF258 0.30 GEX66 1.73 OAZ206 1.15 OC264 2.88 
AA119 0.12 ASZ15 1.44 BCI72 8.12 0.39 BF259 0.37 GEX541 2.02 OAZ207 1.15 OC205 2.88 
AAY30 0.31 ASZI6 1.44 BC173 8.14 BD136 0.39 BF336 11.35 GJ3M 0.88' OC16 2.30 OC206 2.88 
AAY32 0.48 ASZI7 1.44 BC177 8.17 BD137 0.40 BF337 0.35 GMIJ378A 2.02 OC20 2.811' OC207 2.02 . 
AAZI3 0.21 ASZ20 1.72 BCI78 8.18 BDI38 0.48 BF338 9.38 KS100A 0.52 OC22 2.88 OCP11 1.44 
AAZ15 0.39 ASZ21 2.30 BCI79 8.18 BD139 0.49 BFS21 4.55 MJE340 0.92 OC23 3.16 ORP12 1.15 
AAZ11 0.31 AU113 1.96 BC182 8.13 BD140 8.51 BFS28 2.58 MJE370 1.35 OC24 3.45 R2008B 2.02 
AC107 0.89 . AUY10 2.30 BC183 8.12 BDI44 2.30 BFSSI 11.23 MJE371 0.71 OC25 1.04 R2009 2.59 
ACI25 0.23 · AUIIO 1.86 . BCI84 D.l3 BD181 1.26 BFS98 0.23 MJE520 0.60 OC26 1.04 R2010B 2.02 
AC126 0.23 BAI45 0.15 BC212 0.15 BD182 1.36 BFW!O 0.74 ' MJE521 0.83 OC28 2.30 TIC44 0.35 
AC127 0.23 BAI48 0.15 BC2!'3 8.14 BD237 0.48 BFWll 0.74 MJE2955 1.44 OC29 %.30 TIC226D 1.38 . 

AC128 0.23 BA154 0.10 BC214 8.17 BD238 0.83 BFX84 o.zs MJE3055 0.88 OC35 1.73 TIL209 0.23 
ACI41 0.29 BA155 0.12 BC237 0.10 BDX!O 1.05 BFX85 0.28 MPFI02 0.35 OC36 1.73 TIP29A 0.47 
ACI41K 0.40 BA156 0.10 BC238 0.14 BDX32 2.30 BFX87 0.24 MPFI03 8.35 OC41 0.92 TIP30A 0.48 
AC142 0.23 BAWS2 0.06 BC301 0.29 BDY20 1.44 BFX88 0.24 MPF104 0.35 OC42 0.88 TIP3JA 0.51 
AC142K 0.35 BAX13 0.07 BC303 0.28 BDY60 1.72 BFY50 0.30 MPFI05 0.35 OC43 2.59 TIP32A 0.55 
AC17S 0.23 BAX1S 0.10 BC307 0.12 BFI15 0.29 BFY51 0.30 MPSA06 0.28 OC44 0.89 TIP33A 0.79 
ACI87 0.23 BC107 0.14 BC308 0.12 BF152 0.21 BFY52 0.30 MPSA56 0.30 OC45 0.63 TIP34A 0.84 
ACI88 0.23 BCI08 0.14 BC327 0.23 . BF153 0.23 BFY64 0.30 MPSU01 0.41 OC71 0.63 TIP41A 0.72 
ACY17 0.98 BCI09 0.15 BC328 0.21 BF154 0.20 BFY90 1.44 MPSU06 0.53 OC72 0.63 TIP42A 0.81 
ACY18 0.92 BC113 0.14 · BC337 8.21 BFI59 0.29 BSX19 0.24 MPSU56 0.56 OC73 1.15 TIP2955 0.77 
ACY19 0.88 BC114 0.15 BC338 0.20 BF160 0.18 BSX20 0.23 NE555 0.52 OC74 0.74 TIP3055 0.64 
ACY20 0.80 BC115 0.16 BCY30 1.15 BF167 0.23 BSX21 0.23 NKT401 uo OC75 0.74 TIS43 0.52 
ACY21 0.88 BC116 0.17 BCY31 . 1.15 BF173 0.23 BT106 1.44 NKT403 1.99 OC7S D.63 ZSI40 0.29 

- ACY39 1.72 BC117 0.20 BCY32 1.15 BF177 0.28 BTY79/ 400R NKT404 1.99 OC77 1.38 ZS170 o.u 
AD149 0.80 BC118 0.12 BCY33 1.04 BF178 0.28 3.67 OA5 1.08• OC81 8.74 ZS178 0.82 
ADI61 0.52 BC125 0.18 BCY34 1.04 BFI79 0.29 BU205 2.02 OA7 0.83 OC81Z 1.38 ZS271 0.28 
ADIS2 0.52 BC12S 0.23 BCY39 3.45 BFISO 0.35 BU206 2.59 OAIO 0.74 OC82 0.74 ZS278 0.65 
AFI06 0.52 BC135 0.16 BCY40 1.15 BFISI 0.35 BU208 2.30 OA47 0.18 OC83 0.74 ZTXI07 0.13 
AF114 0.88 BC136 0.17 BCY42 0.29 ' BFI82 0.35 BYIOO 0.52 OA70 8.35 OC84 0.7.4 ZTXIOB 0.12 
AF115 0.88 BC137 0.17 BCY43 0.29 BFI83 0.29 BY126 0.18 OA79 0.35 OC122 1.73 ZTX109 0.14 
AF116 0.86 BC147 0.10 BCY58 8.18 BF184 0.29 . BY127 0.17 OASI 0.35 _ 'octzs 2.02 ZTXJOO 0.14 
AF117 0.88 BC148 0.09 BCY70 o.J7 BFI85 0.29 BZX61 0.21 OA85 0.35 OCI39 2.59 ZTX301 0.15 
AFI39 0.48 BC149 0.10 BCY71 0.20 BF194 0.10 Series OA90 1.09 OC140 3.141 ZTX302 0.17 
AFI86 1.38 BC157 0.10 BCY72 0.15 BF195 0.10 BZY88 0.15 OA91 0.09 OCI41 3.74 ZTX303 o.zo 
AF239 0.52 BC158 0.09 BCZII 1.72 BFI96 0.12 Series OA95 0.08 OC170 1.15 ZTX304 0.22 
AFZll 3.16 BC159 O.IZ BD115 0.52 BFI97 8.14 , CRSI/40 OA200 0.10 OCI71 us·. ZTX311 0.14 
AFZ12 3.16 BC167 0.14 BDI21 1.38 BF200 0.31 CRS3/06 OA202 0.10 OC200 1.73· ZTX314 0.23 
ASY26 0.48 BC170 0.13 BD123 1.38 BF224 0.23 CRS3/40 OA211 1.15 OC201 2.82 ZTX500 0.15 
ASY27 0.46 BC171 O.IZ BD124 1.50 OAZ200 1.15 2.02 ZTX501 0.16 · 

E130L 19.39 EF86 1.74 GXUI 16.10 PC97 1.36 QY5-3000A 1.44 5B254M 23.12 
E1BOCC 8.88 EF89 . 1.84 GXU2 28.43 PC900 1.38 112.56 1.20 5B255M 23.12 

AIB24 10.35 El80F 7.83 EF91 2.07 GXU3 ».49 PCC84 1.15 QZOS.20 27.72 Vl.S631 15.24 5C22 48.00 
A:JlJ87 13.58 El82CC 9.34 EF92 6.03 GXU4 32.77 PCC85 1.38 RIO 5.75 XGI-2500 3Z.37 5Jl80E 851.00 
A2134 10.08 E188F 11.82 EF93 1.15 GXU50 12.80 PCC88 1.38 Rl7 1.89 XG2-6400 12.98 5R7GY 2.30 
A2293 8.82 EI88CC 7.36 EF94 1.24 GY501 us PCC89 1.56 RIB 4.118 XG$-500 19.32 5U4G 4.35 
A2426 13.50 E280F 25.88 EF95 5.25 GZ32 1.44 PCCI89 ,1.61 Rl9 1.38 XGQ2-MOO 5U4G8 2.111 
A2521 11.62 E283CC 9.82 EF98 1.44 GZ33 uo PCC805 1.51 R20 1.88 1118.15 5V4G 1.75 
A2900 18.98 E288CC 17.25 EFI83 0.92 GZ34 2.18 PCC606 2.07 RG3-250 3Z.49 XRI-1600A 5Y3GT 0.88 
A3343 25.56 EA52 19.43 oEFI84 0.98 GZ37 4.111 PCEB2 2.07 RG3-250A 34.09 27.54 5Z3 1.73. 

. AZJI 1.28 EA7S 2.02 EFB04S 7.47 KT61 4.82 PCF80 1.15 RG3-1250 28.58 XRI-3200 7U4 5Z4G 1.75 
AZ41 1.32 EABC80 1.38 EF805S 8.05 KT66 7.18 PCFB2 1.15 RG4-1250 13.13 XRI-3200A 5Z4G7 1.75 
BK448 88.43 EAC91 0.92 EH90 1.81 KTB8 1.20 PCF86 1.84 RG4-3000 75.44 711.94 6-301.2 1.79 
BK484 111.54 EAF42 1.44 EK90 1.24 KTW61 2.12 PCF87 1.84 RR3·250 48.68 XRI·6400 64.24 6AB4 1.44 
BS90 31.33 ' EAF801 2.02 EL32 1.73 KTW62 2.82 PCF200 ·2.82 RR3-1250 88.20 XR1-6400A 6AB7 1.73 
BSBIO 35.24 EB41 2.30 EL33 4.02 KTW63 2.82 PCF201 2.45 SIIEI2 38.48 Je.30 · . 6AC7 1.81 
BT5 43.47 EB91 1.01 EL34TH 2.53 M8079 11.59 PCF801 1.84 Sl30 2.30 YD1120 ZZII.60 6AF4A 1.84 
BTI7 79.29 EBC33 2.02 EL34M 2.57 M8080 7.88 PCF802 1.82 SIJOP 2.88 ' YD1240 241.50 6AG7 2.311 
BT19 27.08 EBC41 1.44 EL36 1.64 M8081 9.15 PCF805 1.84 SIV280-4011.50 Z759 11.04 6AH6 5.52 
BT29 242.113 EBC81 1.26· EIAI 1.44 M8082 6.41 PCF806 1.84 S'IV280-80Z4.15 ZMIOOO 6.03 6AK5 3.18 
BT'69 247.30 EBC90 11.97 ElA2 2.02 M8083 7.59 PCF808 1.84 SU41 2.88 ZMIOOI 8.19 6AK6 2.81 
BT75 102.46 EBF60 0.58 ELBI 1.28 M8091 11.85 PCL82 1.15 SU42 11.35 ZMI020 10.83 6AL5 1.01 
BT95 95.18 EBF83 1.44. EL83 1.44 M8096 4.31 PCL83 1.82 TDOJ.IO 24.73 ZMI021 10.17 6AM4 2.85 
CBLJI 2.30 EBF89 o.&7 EL84 1.15 M8097 4.89 PCL84 1.15 TO OJ. I OE 28.18 ZMI022 IUO 6AM5 4.43 
CL33 2.30 EBLJI 2.88 EL86 2.48 M8096 4.37 PCL85 1.24 TDOJ.IOF 27 •• ZMI023 8.81 6AM6 2.tr1 
CY31 l .U EC90 1.28 EL90 1.10 M8099 5.18 PC1.86 1.24 TTI5 34.50 ZMI040 22.28 SANS 8.12 
CIK 11.50 EC91 7.87 EL91 7.44 MSIOO 8.23 PCL805/85 1.24 TT21 14.18 ZMI041 19.1. 6AN8A 3.80 
C3A 11.50 EC92 1.44 EL95 1.51 M8136 8.46 PD500 4.14 TT22 14.16 ZMI042 211.44 6AQ5 uo. 
CJJA 23.23 EC157 278.82 ELl 56 18.68 M8137 8.72 P£06-40N 31.40 TTIOO 511.51 ZMI051 1011.116 SAR5 1.84 
DA41 21.50 ECC33 4.02 ELJOO 6.3Z M8140 b.17 PFL200 2.07 TY2-125 85.33 IB3GT 2.58 6AS6 6.42 
DA42 12.30 ECC35 4.02 EL500/504 2.18 MB141 5.52 PL36 1.38 TW4-400 71.61 1B24 11.50 SAS7G 7.76 
DAIOO 52.90 . ECC40 1.44 EL509 3.83 MBI42 6.15 PLBI 1.38 TY4-500 95.40 IB35A 28.75 GATS 0.98 
DAF91 0.48 ECCSI 1.01 EL821 11.06 MBI44 4.31 PLBIA l.S8 TY5-500 147.20 1863 57.50 6AU5CZT 4.81 
DAF96 1.15 ECC82 0.82 El.822 11.38 MBI49 5.86 Pl.82 1.38 TY6-l!OO 185.70 1R5 1.21 SAUS 1.24 
DET22 24.15 ECC83 1.01 EM34 5.75 M81Sl 7.67 . PL83 2.55 TY6-5000A 1S5 0.-M SAV5GT 4.36 
DET24 52.90 ECC84 1.36 EM80 1.28 M8162 7.59 PL84 1.24 283.05 IT4 0.-M 6AV6 0.18 
DF91 0.48 ECC85 1.38 EMS! 1.15 M8163 5.17 PL504/5 1.61 TY6-5000B 2ASI5 11.50 6AX5GT :1.57 
DF96 1.15 ECC86 2.30 EM84 1.15 M8190 5.28 PL50B 2.07 238.90 2C39A 21.85 6B7 1.73 
DK91 l.Zl ECC88 2.07 EM85 1.44 M8195 4.25 PL509 3.45 TY6-5000W 2C43 211.70 688 2.02 
DK92 1.44 ECC89 1.88 EM87 1.73 M8196 7.47 PL519 3.73 236.44 2021 2.94 6BAS 1.15 
DK96 1.28 ECC91 8.72 EN32 14.80 M8204 6.57 PL801 1.27 TY7:6000A 2E26 7.82 6BA7 5.89 
01.92 1.26 ECC189 1.90 EN91 2..94 M8212 11.78 PL802 3.40 288.93 2J42 89.70 .6BABA 4.31 
DL94 1.38 ECC907 2.02 EN92 5.81 MB223 3.18 PY33 1.27 TY7-6000W 2J55 201.25 6BC4 4.27 
01.96 1.26 ·ECC606 2.59 EYSI 2.02 M8224 3.85 PY81 0.97 232.47 2J70A 270.25 IilES 1.24 
DLSIO 9.48 ECF80 1.24 EY81 1.89 MB225 2.911 PY82 0.92 TZ40 17.25 2J70B 287.50 SBHS 1.75 
DLS15 12.37 ECFB2 1.38 EY83 2.0Z MB248 11.55 PY83 0.81 U1S-20 2.88 2K25 40.25 6BJS 1.24 
DLS1S 12.37 ECF86 1.73 EY84 9.75 MU14 1.73 PY88 1.01 U19 10.33 3-400Z 51.75 6BK4 4.84 
DLSI9 12.37 ECH35 2.30 EY88 O.M MX119 53.82 PY500A 2.07 U25 1.33 3-500Z 63.25 6BL6 97.75 
DM711 1.44 ECH42 1.32 EY88 2.02 MX123 83.25 PYSOO 0.97 U26 1.68 3A5 1.55 6BL7GT 4.44 
DM71 1.44 ECH81 1.38 EY500A 2.23 MX145 . 50.40 PY801 0.97 U37 10.35 3824 9.20 6BM6 97.75 
DM160 3.96 ECH83 1.44 EY802 94 MX151 15.18 QQV02-S 13.16 UABC80 1.44 3828 5.18 6BNS 1.811 
DY88n 0.73 ECH84 1.47 EZ35 97 MX152 llS.OO QQV03-6 5.44 UAF42 1.44 3B29 11.50 SBQ7A 4.14 
DYB02 0.96 ECLBO 1.15 EZ40 1.44 MX1Sl 128.72 QQV03-20A UB41 1.44 3B240M 17.25 6BR7 4.60 
E55L 25.17 ECLBI 1.73 EZ41 1.44 MX163 19.55 20.13 UBC41 1.73 3B241M 17.25 6BRB 2.02 
ESOCC 9.27 EC1.82 1.15 EZ80 0.96 MXI64 21.14 QQV06-40A UBF89 1.38 3C23 13.89 6BS7 4.60 
E80CF ll.96 ECL83 1.73 EZ81 D.M MX166 126.50 40.25 UCC84 1.26 3C45 22.77 6BW6 4.60 
EBOF 9.75 ECL84 1.61 EZ90 1.38 MXI68 40.25 QQV07-50 50.14 UCC85 1.38 3CXIOOA5 23.00 6BW7 1.75 
E80l. 9.51 ECL85 1.28 FW4-500 2.88 N78 IUS QQZ03-20A UCF80 1.32 3E29 29.87 6BX7Gr 5.70 
EBICC 8.82 EC1.86 1.38 FW4-SOO 2.88 OA2 1.78 58.80 UCH42 1.38 3S4 1.28 . 6BZ6 2.62 
EBIL 10.28 EF37A 4.02 Gl.371K 23.23 OA3 5.83 QQZ06-40A UCH81 2.87 3V4 1.38 . 6C4 1.01 
E82CC 7.03 EF39 3.16 G551K 12.65 OA4 4.02 55.10 UCL82 1.20 465A 28.13 6CB6A 2.78 
E83CC 7.16 EF40 1.3Z Gl80.2M 18.42 OB2 1.44 14.38 UCL83 1.68 4-125A 41.99 6CD6GA 5.64 
E86C 12.48 EF41 1.38 G240.2D 12.85 OB3 2.20 4.31 UF41 1.15 4-250A 41.08 6CG7 2.55 
E88C 6.71 EF42 2.30 G400.1K 19.28 OC2 3.04 2.88 UF42 1.44 4-400A 52.05 6CH6 7.48 
EBBCC 3.86 EF50 1.73 GN4 8.82 OC3 2.20 ll8.45 UF80 1.68 4832 29.16 6CL6 4.12 
E90CC 9.34 EF54 5.75 GN4A 8.82 003 2.20 53.74 UF85 1.68 4C35 -M.OO 6CW4 8.33 
E90F 9.71 EF55 2.88 GS16 111.35 OZ4 1.84 56.78 UF89 1.68 4CX250B 28.53 602 1.01 
E91H 5.34 EF80 D.92 GTIC 18.81 PC88 1.61 65.93 UUI 1.84 4CX350A 48.88 SDKS 2.59 
E92CC 8.88 EF83 2.02 GU50 14.31 PC88 1.61 75.67 UL84 1.38 4X150A 24.41 6DQ6B 4.49 

. E99F 9.3t 0.92 PC95 1.49 58.39 UM~ 1.15 . 4Xl50D 28.75 6EA8 131 

INTEG CUlTS 7495 0.83 

BASES CRTs 
5ADPI 40.25 7400 0.18 7423 0.37 7460 0.21 7496 0.92 
5BPI 11.50 7401 0.18 7425 . 0.35 7470 0.40 7497 3.45 
SCP! I !.SO 7402 0.18 7427 0.33 7472 0.38 74100 t.n 

B7G unskirted 0.17 ZAP! 9.78 5ADPI 40.25 VCR138A 14.38 7403 0.18 7428 0.49 7473 0.41 74107 0.52 
87Gskirted 0.35 2BP1 10.35 5BP1 11.50 VCR139A 9.20 7404 0.20 7430 0.20 7474 0.46 74109 0.81 
B9A unskirted 0.17 3BPI 9.20 5CP1 5.75 VCR517A 11.50 7405 0.18 7432 0.35 7475 0.62 74110 0.58 
B9Askirted 0.35 3D PI 5.75 5CP1A 48.00 v·cR.s11s tl.5o 7406 0.48 7433 0.41 747S 0.48 74111 0.81 
IntOctal 0.29 3EGI 8.05 5FP15A 17.25 VCR517C 11.50 7407 0.46 7437 0.37 7480 0.83 7411S 2.02 
Loctal 0.83 3FP7 6.90 5UP7 16.10 Tube Bases 8.86 7408 0.23 7438 0.37 7482 0.8ti. 74118 1.15 
Nuvistor base 0.86 3GPI 6.90 DG7-5 28.75 7409 0.23 7440 0.21 7483 l.CM 74119 1.73 
Spin DIL 0.17 3JP1 9.20 DG7-32 41.40 7410 0.18 7441 0.97 7484 1.15. 74120 0.95 
l4pln DIL 0.17 3JP2 9.20 DH3-9! 35.65 7412 0.30 7442 0.83 7486 0.40 74121 0.48 
16pin on.. 0.20 3JP7 11.50 DH7-\I 78.20 7413 0.37 7447AN 1.04 7490 0.60 74122 0.89 
Valve screening 3KPI 17.25 VCR97 13.80 7416 0.37 7450 O.Zl 7491 0.92 74123 1.15 
cans all sizes 0.35 3RP1 40.25 VCR138 ll.50 7417 0.37 7451 0.21 7492 0.89 74125 0.83 

3WPI 23.00 7420 0.20 7453 0.21 7493 0.69 74126 0.83 
7422 0.23 7454 0.21 7404 74128 0.89 

Terms of bwiinaa: CWO. Postage and packing valvM and. semiconductors lOp per order. CRTa £1. All prices include VA't. 
Price ruling at time of despatch. 
In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to prells. 
Account facilities available to approved companies w ith minimum order charge £1 0. Carriage and packing £1 on credit orders. 
Over 10,000 types of valves, tubes and semiconductor s in stock. Quotations for any types not listed. S.A.E. 

Open to callers Monday· Friday 9 a.m.-5 p.m. 
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8.18 2Nl309 0.63 
0.28 2Nl613 0.29 

ZTX504 11.23 2Nl671 1.73 
ZTX531 0.23 2NI893 0.29 
ZTX550 0.18 2N2147 2.02 
1N914 0.08 2N2148 1.89 
1N916 o.os 2N22!8 0.29 
1N4001 0.07 2N2219 0.28 
IN4002 0.07 2N2220 0.21 
IN4003 0.08 2N2221 O.ZI 
IN4004 0.08 2N2222 0.21 
IN4005 0.08 2N2223 3.16 
1N4006 0.08 2N2368 0.20 
1N4007 0.10 2N2369A 0.24 
1N4000 0.07 2N2484 0.23. 
1N4148 8.07 2N2646 0.83 
1N5400 0.15 ·2N2904 0.29 
1N5401 0.15 2N2905 0.29 
1544 0.05 2N2906 0.24 
15920 0.08 2N2907 0.24 
15921 o.os 2N2924 0.24 
2G301 1.15 2N2925 0.25 
2G302 1.15 2N2926 8.16 
2G306 1.27 2N3053 0.29 
2N404 1.15 2N3054 0.58 
2N696 0.29 2N3055. 0.81 
2N697 0.29 2N3440 0.89 
2N698 0.35 2N3441 0.92 
2N705 1.38 2N3442 1.28 
2N706 0.17 · 2N3614 1.73 
2N708 0.23 2N3702 0.13 
2N930 0.23 2N3703 0.15 
2Nll31 0.30 2N3704 0.15 
2Nll32 0.30 2N3705 0.15 
2Nl302 0.40 2N3706 0.15 
2Nl303 0.40 2N3707 0.15 
2Nl304 0.52 2N3708 0.12 
2Nl305 0.52 2N3709 0.15 
2Nl306 0.58 2N3710 0.12 
2Nl307 0.58 2N371.1 __ "-12 

0.83 

2.44 12El4 '34.50 
6EW6 1.73 13El 82.20 
6FS 2.0Z 19H4 2&75 
6F23 1.84 19H5 411.25 
6F28 1.33 2489 43.87 
6F33 22.08 30Cl5 1.84 
6Hl 14.38 30Cl7 1.84 
SH2N 1.21 30Cl8 1.84 
6H3N 1.21 30F5 1.113 
6HS 1.73 -JOFLI/2 1.28 
6J4 6.10 30FLI2 2.07 
6J6 8.%1 30FLI4 1.64 
6J7 9.04 . 301.1 1.15 
6K4N 1.44 30Ll5 2.07 
6K6GT 1.50 30Ll7 2.07 
6K7 1.73 30P4 1.08 
6K8 • 2.02 30Pl9 1.38 
6KD6 7.08 30PLI 1.52 
6L6G 2.88 30PLI3 2.07 
6L6GA 1.73 30PLI4 1.113 
6L6GT 2.24. 30PLI5 2.07 

' 6L6GC 2.24 35W4 0.89 
6L7 2.30 50C5 0.81 
6N2P 1.21 75Bl 4.26 
6N3P 1.21 75Cl 2.24 
6N7 1.73 85Al 11.63 
SP25 4.14 85A2 2.19 
6Q7 2.53 90AG 9.15 
6R7 2.07 90AV 9.15 
6SA7 1.67 90Cl 2.24 
6SC7 1.73 90CG 15.73 
6SF7 1.84 90CV 15.30 
6SH7 1.73 92AG 9.15 
6SJ7 1.84 92AV 9.15 
6SK7 1.50 95Al 5.118 
6SK7GT 3.08 15082 2.78 
6SN7GT 1.84 15083 5.118 
6SQ7 1.50 150C2 1.73 
6SR7 1.73 150C4 2.19 
6SS7 2.07 f 2ll 6.90 
6U5G 2.30 723AB 40.25 
6U8 0.92 803 11.50 
6U8A 3.24 805 23.00 
6V6GT 1.84 807 2.30 
6X4 1.38 BllA 1.78 
6X5GT 8.97 812A 9.60 
7B7 1.98 813 38.80 
7C5 2.02 833A 88.25 
7C6 1.44 886A 6.81 
7H7 2.30 872A 15.81 
7R7 1.73 922 5.01 
7S7 2.59 931A 14.08 
7Y4 1.84 1624 2.59 
7Z4 2.13 1625 I.M 
11E3 80.82 2050 8.00 
12ATS .1.38 4212E 189.90 
12AT7 1.01 4212H 207.00 
12AU6 2.83 5544 82.10 
12AU7 0.63 5545 87.85 
12AV6 2.30 5551A 88.44 
12AV7 3.98 5552A 119.34 
12AX7 1.01 5553A 259.10 
12AY7 5.24 5642 8.05 
12B4A 3.50 5654 4.05 
12BA6 2.42 5651 2.07 
12BE6 2.55 5670 5.29 
12BH7 1.29 5675 14.03 
12BY7 101 5e87 7.08 
12El 8.17 5696 4.53 
12El!TI .. 19.26 5718 7.36 

74132 0.81 74173 1.61 
74136 0.83 74174 1.73 
74141 0.92 74175 1.04 
74142 2.65 74176 1.26 
74143 2.88 7417& 1.44 

' 74144 2.88 
74145 1.04 

74179 1.44 
74180 1.32 

74147 2.30 74190 1.73 
74148 2.02 74191 ·1.73 
74150 1.84 74192 1.55 
74151 0.97 . 74193 1.55 
74154 2.02 74194 . 1.44 
74155 0.97 74195 1.15 
74156 . 0.97 74196 1.38 
74157 0.88 74197 1.26 
74159 2.42 74198 2.59 
74170 2.65 'M199 2.59 
74172 76013N 2.02 

Telephone 01-677 2424/7 
Telex 946708 
E. 8t O.E. 

2N3772 2.30 . 
2N3773 3.45 
2N3819 0.41 
2N3820 0.52 
2N3823 0.63. 
2N3866 0.83 

. 2N3904 o;J5 
2N3905 0.15 
2N3906 0.15 
ZN4058 0.16 
2N4059 0.12 
2N4060 0.14 
2N4061 0.14 
2N4062 0.15 
2N4124 0.17 
2N4126 0.17 

• 2N4288 0.23 
2N4288 0.25 
2N4289 0.28 
2N5457 0.40 
2N5458 0.40 
2N5459 0.40· 
25017 7.48 
25019 7.48 
25026 13.80' 
25103 1.73 
2S302 0.86 
25303 0.86 
25322 0.92 
25324 1.44 
25701 1.73 
25745A 0.40 
25746A 0.40 

5725 6.28 
5726 4.05 

. 5727 5.52 
5749 5.73 
5751 5.36 
5763 4.14 
5814A 4.81 
5840 5.08 
5842 15.59 
5876A 13.08 
5879 5.57 
5886 12.08 
5963 3.45 
5965 4.07 
60ffi 6.33 
6021 5.13 
6057 4.02 
6058 10.40 
6059 4.111 
6061 4.89 
6062 4.31 
0063 4.20 . 
6064 8.50 
6067 4.1Q· 
fH12 8.$3 
6080 7.88 
6097AXBXC 

Sl46A 
S1488 
Sl59 
S189 
6201 
6442 
6883B 
6973 
7025 
7551 
7588 
7587 
7609 
7868 
7895 
8005 
8068 
S122 
8136 
8417 
18042 
111045 

46.00 
. 5.89 

6.42 
9.18 
9.25 
5.93 

17.25 
8.81 
4.05 
2.82 
8.83 

13.08 
22.54 
38.57 
4.53 

14.84 
34.50 
8.33 

48.30 
2.81 
8.14 
6.92 

10.66 

Tested 
Ex-Equipment 

4CX2508 5. 75 

TAA570 2.65 
TAA630S 4.02 
TAA700 4.50 
TBA480Q 2.12 
TBA520Q 2.65 
TBA530 2.28 
TBA540Q 2.65 
TBA550Q 3.70 
1'BA560CQ 3.70 
TBA673 2.52 
TBA700 1.75 
TBA 720Q 2.65 
TBA750Q 2.38 
TBASOO 1.38 
TBA920 3.34 
TBA920Q 3.34 
TBA990Q 3.34 
TCA270Q 3.34 
TCA760A 1.59 
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SERVICE TRADING co-GE-AR-ED_M_O-TO-RS---.. 
FT3 NEON FLASH TUBE ' . v~~IABLE VOLTA~NE TTR~~~!cos~~~RS 100 R.P.M. 1151bs. ins.!! ~--: . 

115 

. H1gh intens•ty, mult•·turn. h•gh voltage neon glow PU 115 lb. ins., 110 volt. 50Hz, 2 .8 amp, single phase, •.. ·- ~ 
d1scharge flash tube. Des1.Qn for JQn1t1on t1m1~g etc. E 1 .50. OUTPUT VARIABLE 0/260¥ AC ~;~~caf~~i11~r 9~~~.t::~r.F~~n:~of~t"I~-~~;~~~~~~~Y . ,r. .· ... 
P&P 25p (£2.01 me . VAT). 3 for £3. P&P 50p (£4.03 inc BRAND NEW. All types- Length 250mm. Dia. 135mm. Spindle Dia. 1 5.5mm . 

VAT & P) . . 200W (1 Amp) f'stted A / C Length 1 1 5mm, ex-equipment tested £12.00 Post · · 

Voltmeter ••• • • • • ·; •- £14.50 £1 .50 (£15.53 inc . VAT & P) . Su ita.ble transforme·r··· ,· . · • ...., 
WHY PAY MORE?! 
MULTI RANGE METERS Type Mf15A . 
AC/OC volts 10 . 50. 250. 500. 1000. Ma . 0-5 
0 -10. 0-100 . Sens it ivity 2000V. 24 ranges, 
dimens1ons 133 X 93 x 46mm. Price£7.00plus 
SOp P&P (£8.63 me . VAT & P) . 

TRIAC. 
Raytheon tag symmetrical Triac . Type Tag 250/500V. 10 amp 500 piv 
Glass passivated plastic triac. Swiss precision product for long term 
reliability £1.25 P&P 10p (£.'-65 inc. VAT & P) (inclusive· of date and 
application sheet) . SUitable D1ac 22p. 

0 to 60 MINUTES CLOCKWORK TIMER. 
Double pole 15 amp 230V AC . Contacts (n'O dial). £1.50. P&P 30p 
(£2.07 inc. VAT & P). N.M.S. 

MERCURY SWITCH 
Size 27m x 5mm, 10 for £5.00 P&.P 30p, total 
including VAT £6.10. Min. quantity 10 . 
N.M.S 

230 VOLT AC FAN 
ASSEMBLY 
POW'erful continuously rated AC motor complete 
with 5 blade 6Y2" or 4 blade 3 '~ aluminium fan 
New reduced price £3.00 P&P 65p (£4.20 inc. 
VAT &P). 
N.M .S 

21-WAY SELECTOR 
SWITCH with reset coil 
The ingenious electro mectianical device can be 
switched up to 21 positions and can be reset from 
any position by energising the reset coil. 
230 /240V AC operation . Unit is mounted on 
strong chassis. Complete with cover. Price £5.50 
P&P 75p (£7.19 inc. VAT & P) . N.M .S . 

• - · 
. 

" 

A.E.G. CONTACTOR 
Type LSS/ L 1 1. Coi l 240V 50Hz. Contacts- 3 make: 600V .: 20 amp . 1 
break: 600V.: 20 amp . Price: £5.50 + 50p P&.P (£6 .90 inc . VAT . & P) 

• N.M.S. 

TORIN BLOWER 
2201240V AC Aperture 10X4\'zcm ove rall size 
16X 14cm. Pr ice £3.75 P&P 75p (i nc \ VAT 
£5.18) . Other types available . SAE for details 
N.M.S 

24V DC BLOWER UNIT 
USA made 24V DC 0.8 amp blower that operates well on 12V 0 .4 amp 
DC producing 30 cu ft min at normal atr pressure . Max imum housing dia 
11 Omm, depth inc motor 75mm, nozzle length 19mm, dia 22mm. Ideal 
for cooling mobile equipment , car, caravan . etc. £4.50 P&P 75p (£8.04 
1nc VAT & P). N.M.S 

SMITH BLOWER. 
Type FFB 1706 . Small quiet smooth runni ng . 240V. AC operation . 
Output aperture 4 5 X40cm . Overall size 135x 1 65cm . Flange 
mounting . Pnce £4.25 P&P 75p. (Total. £5.75 mel. P & VAT) . N.M.S. 

MINIATURE UNISELECTOR 
12V 1 1 way 4 bank (3 non-bridging. 1 homing). £3.00 P&P 35p (£3.85 
inc . VAT & P) 

MICRO SWITCHES . . .. 
Sub min lever m/sw1tch type MML46 . 10 for £2.50 • • 
+VAT=£2.88 (£3.22 inc . VAT & P) . 
Type 3 115M 906T 10 for £2.50 po. st paid (£2.88 inc . VAT 
&~ •· 
SF lever operated 20A . c/o . mf. Un1max USA. 10 for £4.00 
P&P 50p (min. order 10) (£5 .18 inc. VAT & P) . 
D.P. C/0 lever m/switch, mfg. by Cherry Co, USA. Precious metal, low 

· resistance contacts . 10 for £2.50. P&P 30p. Total inc. VAT £3.22 (min 
10). N.M .S . 

HEAVY DUTY 
SOLENOID 
Mfg . by Magnetic Devices . 240V AC 
Intermittent operation. Approx . 201b. pull at 
1. 25in. Ex. equip . Tested . Price £4.75 + 
75p P&P (£8.33 inc . VAT & P). R & T. 
PYE EYTHER 
240V AC Solenoid . Approx 1 \b pull. 14" 
travel, intermitant rating . Price £1.00 P&P 
20p (£1.38 inc VAT&. P) N.M.S 
WESTOOL TYPE M M8 MODEL 2 
240V AC. Approx . 1 '4 lb pull at v, inch. Rating 1 Price £1.50 P&P 20po 
(£1.96 inc. VAT & P). N.M.S . 
18-24V DC 70 ohm Coil Solenoid. Push or Pull. Adjustable travel to 
3/16in . Fitted with mounting brackets and spark suppressor . Size : 100 
X 65 X 25mm. Price : 3 for £2.40 + 30p P&P (m in . 3 off) (£3.1 0 inc . 
VAT & P) 

240V AC SOLENOID OPERATEDfl 
FLUID VALVE 
Rated 1 p.s.i. will handle up to 7 p.s.i. Forged brass · 
body, stainl_ess steel core_and spring % in. b .s .p. inlet 
outlet. Precision made. Bntish mfg . 
Price £3.50 Post 50p (£4.60 inc. VAT & P) . N.M.S . I 
INSULATION TESTERS 
(NEW) 
Test to lEE spec . Rugged metal construction. suitable 
for bench or field work, constant speed clutch . Size L. 
Bin. W. 4in, H. 6in , weigh! 61b . 
500.VOLTS 500 megohms 

. £49.00 Post BOp (£57.27 inc . VAT & P) 
1000 VOLTS 1000 megohms 

£55 .00 Post BOp (£64.17 inc . VAT & P) 
SAE for leaflet 

0.5 KVA (Max. 2Vz Amp) - £17.00 R23&0T/240volt m.oo Post 75p (£10.06 inc. VAT & P) . •:B ' . ., 
1 KVA (Max. 5 Amp) • •••• £22.50 ~ 
2 KVA (Max. 10 Amp) • • • - £37.00 GEARED MOTORS '- • 
3 KVA (Max. 15 Amp) - • - - £45.50 28 r.p.m .. 201b. inch 1 15V AC Reversible motor. !_:. . ( 

Carriage and 
VAT extra 

5KVA(Max.25Amp} •• --£74.00 71r.p.m.101b.inch. 115VACReversJb\emotor. ' 
10 KVA (Max_ 50 Amp) •• £188.00 ~~~3~~~s~~~o::~t drawing. Price eithertype£4.75 + 75p P&P. 

17 KVA (Max. 75 Amp) • • £280.00 Supplied with transformer for 240V AC operation £7.25 + P&P £1 . 
L T TRANSFORMERS (£9.49 inc. VAT+ P&P) . 
0-1 OV-1 5V at 3 amp (e• new equip) £2.50 P&P 50p (£3.45 inc . VAT) N.M .S. 
13-0-1 3V at 1 amp £2.50 P&P 50p (£3.45 inc VAT) 
25-0-25V at 2V• amp £4.50 P&P 75p (£6.04 inc . VAT & P) 
0-4V /6V /24V /32V at 12 amp £18.50 P&P £1 .90 (£23.46 inc . VAT & P) 
0.6V /12V at 20 amp £14.70 P&P £1 .50 (inc. VAT £16.63) 
~~~Vat 20amp or 0-24V at 1 Damp £1 z.oo P&P £1 .50 (£15.53 inc. VAT 

0-6V I 1 2V at 10 amp £8.25 P&P £1.25 (inc . VAT £10.93) 
~;,Y~1p~V/17V/18V/20V at 20 amp £19.00 P&P £1 .50 (£23.58 inc. 

0-10V/1 7V /18Vat 10 amp £10.50 P&P £1 .50 (inc. VAT £13.80) 
JOB LOT1 Pnmary 240V. Secondary 6V at 1 .66 amp. Size : 3X 2 X 2in. 
Pnce: £1.50 P&P 50p. (Total £2.30 mel. p & VAT). N.M .S. 
Other types m stock; phone for enquiries or send SAE for leaflet . 

ew ceramic constr-~ction, vitreous enamel 
embedded winding, heavy duty brush assembly, 
conti.nuously rated . 

25 WATT 10. 25, 100, 150. 250. 500. 1 k. 1.5k ohm £2.40 Post 
20p (£2.99 me. VAT & P). 50 WATT 250 ohm £2.90 Post 25p 
(£3.62 me . VAT & P) . 100 WATT 1/5/10/25 / 50/100/250/ 
~~~~~~;1o0/1k11.5k/2.5k/5k ohm . £5.90 Post 35p (£7.19 inc . 

Black Silver Skirted Knob calibrated-in Nos. 1-9. 1 Y2 in . dia brass 
bush . Ideal for above Rheostats, 28p e•. 

SPECIAL OFFER 
BERCO type L RHEOSTAT . 
~5rJ.~m 300 watt 1.86 amp £7 .50 P&P 50p (Total £9-.20 inc VAT) . 

BLOWER / M PU 
3 phaseAC motor, 220/ or 380/440V, 1,425 rpm V. hp cont . Dire~t 
coupled to William Allday Alcosa carbon vane blower/vacuum pump. 0 .9 
dm 8 hg. Price £22.00 P&P £2.00 (£27.60 inc. VAT & P) N.M.S. 

EQUIPMENT S.A.E.IFoolscap)fordetails 

XENON FLASH 
GUN TUBES 
Range of Xenon tubes available from 
stock . S.A.E. for full details 

R E LAYS Wi.de range of AC and DC !ela_ys available 
from stock . Phone or write 10 your en· 
qutries. 

230/240V AC Relays: Arrow. 2 c/o. 15 amp £1.50 (£1.96 inc . VAT 
& P). 
T.E .C. open type 3 c/o. 10amp £1 .10 (£1.50 inc. VAT & P) . 

. DC Relays: Open type 9/1 2V 3 c/o 7 amp £1.00 (£1 .38 inc. VAT & P) . 
Sealed 1 2V 1 c I o 7 amp octal base. £1 .00 (£ 1 .38 inc. VAT & P) . Sealed 
1 2V 2 c/o 7 amp octal base. £1.25 (£1.67 inc. VAT & P) Sealed 1 2V 3 
c/o 7 amp 11 -pl n, £1.35.(£1.78 inc. VAT & P). 24V. Sealed 3 c/o 7 
=~:R1e:~~~;~~.'35 (£1.78 Jnc . VAT & P) (amps= contact rating). P&P on 

Other types available- phone.for details . . N.M .S . 
Very "f'ecial off .... 9-1 2V D.C., 2 make contacts. new ITT3 to· £1.75 
+ 25p P&P (inc . VAT £2.30) . 
Diamond H heavy duty AC relay 230/240V AC. two c/o contacts 25 
amps res at 250V AC £2.50 P&P SOp. (£3 .45 in c . VAT+ P&P). SMcial 
base50p. 1 

FRACMO MOTOR . . fq__:, . - ~: "' 
sharplength 35mm, dia. 16mm, weight 6 kilos · ' · ) 
56rpm 50\bs inch 240V AC revers1ble. 0. 7 amp .. ' ,17. . 1. ..· .·. 
600 grams. Price £15.00 P&P £1 .50 (£18.98). : 
N.M.S. ; . . . _ j 

FRACMO MOTOR 
1400 rpm HP 1-30 continuously rated 11 5V AC fitted w it h 
anti-vibration cradle mounting. Supplied complete with transformer 
for 230-24DV AC op . £10.00 P&P £1 .00 (Total £12.65 inc . VAT) . 
N.M.S . 

PARVALUX MOTOR TYPE 
S.D.2 
12V DC shunt 1 /30th ph motor. Continuously 
rated 4.000 rpm . Price £10.00 P&P 75p 
(£12.36 inc VAT & P) . N.M.S . 

PARVALUX 230/250V AC 
MOTOR 
Type SD1 B 240V AC reversible 30 rpm 501ba 
inch. Price £15.00 P&P £1 .50 (£18.98 inc. VAT). 
N.M.S 

CITENCO 
FHP motor type C 7333/15 220 fi40V AC 19 
rpm reversible motor, torque 14.5 kg . Gear ratio 
144 : 1 . Brand new incl. capacitor , our price 
~1~~~5 + £1 .25 P&P (£11.83 inc. VAT & P). 

-..... . ~ .. ; . ' 

~..· .... .... -. 

CROUZET- 230/240V AC 2 rpm synchronous geared motor £2.90 
P&P 30p (Total £3.68 inc VAT) . N.M.S 
HAYDON - 230/240V AC 1 rpm synchronous geared motor £2.90 

· P&P 3Dp (Total £3.68 inc VAT) N.M.S ... 

REVERSIBLE MOTOR 230V AC 
General Electric 230V AC, 1 ,600 r .p .m. 0 .25 amp. Complete with 
anti·vibration mounting bracket and capacitor. 0/A size 1 10mm x 
90mm. Spindle 5/16 dia. 20mm long . Ex-equipment tested £3.00. Post 
50p (£4.03 inc. VAT & P). 

BIG INCH 
Tiny precision·built 3 rpm USA motor size only 1 x 1, 11 1 OOV. AC 
operation supplied with resistor for 230V. AC. Price: £2.00 P&P 20p 
(£2.53 incl. P & VAT). 4 for £5 .00 postpaid (£5.75 incl. VAT) . N.M.S . 

12V DC GEARED MOTOR 
Precision built min iature motor . 6/1 2V DC operation . Incredibly 
powerful for size. 
Approx speed at 6V 60 rpm 40 ma 
Approx speed at 9V 80 rpm 50 ma 
Approx speed at 1 2V 1 20 rpm 60 ma 
Size 27mm dia. 38mm length. weight 55 gram. Drive spindle 5 mm x 2 
mmdta. 
Price: £2.50 post paid (£2.88 inc . VAT) . 

REDUCTION DRIVE 
GEARBOX 
Ratio 72:_1 . Input spindle 1A X V2in . Output spindle % X 3in . ·long 
Overall SIZe approx . · 120 X 98 X 68mm. All metal construction. 
Ex-equip. tested. Price: £2.00 +50~ P&P (£2.88 inc . VAT)~-.. - . .. ,;. 

'VENNER TYPE' ERD TIME . ) .·. 
SWITCH : :I J~ • 
200/250V AC 30 amp. 2 on I 2 off every 24 hrs . at any · , ...... . 
manu~lly pre·set time . 36·ho~r spring reserv~ and day · 1 
omtt_ttng. device . Built to h1ghest Electric1ty Board . !IIIJIIii 
specificatiOn. Price £8.00 P&P 75p. (£11.21 ). R & T. , . . .' 

SANGAMO WESTON TIME SWITCH 
Type S251 200/ 250VAC 2 on 2 off every 24 hours. 20 amps contacts 
w1th overnde sw1tch, diameter 4" x 3 ·, pnce £8.00 P&.P 50p (£9.78 
me. VAT & P) . Also available w1th solar d1a l. R & T 

AEG TIMESWITCH 
200 /250V AC 1 on I 1 off every 24 hours. 80 amp contact (ideal storage 
heaters). Sprmg reserve £10.00 P&.P SOp (Total £12.08 inc . VAT) 
N.M.S. 

AC MAINS TIMER UNIT 
Based on an electric clock, with 25 amp, single· 
pole switch, which can be preset for any period up 
t? 12 hrs. ahead to switch on for any length of 

~~~i i~r~aT 61g :~.s~~0di~l:r~i·~:~7s s:~~~n~~~:o~ ~.~ . . ~~~~)1 
rated. Ideal for Tape Recorders. Lights. Electric •:--
Blankets etc . Attractive sat in copper finish. Size 
135 mm x 130 mm x 60 mm. Price £2.25. Post 
40p. (Tota l inc . VAT & Post £3.05). N.M .S . 

2-CAM PROGRAMMER 
Crouzer 1 rpm . 115V. A .C Motor operating 2 Roi iP.r Micro switches (4 
amp) . Can be used on 240V AC w1th e1ther 0.25 mfd 2 50V Condenser 
or 5.6K w1rewound Res istor 7 watt (not suppl1ed) Pnce £2.50 + SOp 
P&P (£3.45 mc VAT & Pi 

MINIATURE 24-HOUR 
TIMESWITCH (German mfr.) 
240V A C operauon . Spnng reserve 10 
amp contacts. one on-off every 24 hours 

METF.RS (New)- 90mm ;~~~~~a~ee~ ~ ~~ t;~ohuor~r ~:~s 0~1i~~.~;_ 
DIAMETER ~·· Unusual feaiUre wiJh these swJtches •s that 

AC Amp •• Type 62T2: 0-lA, 0-5A, 0 -20A. AC Voh. · .~ . ( ~~1gi~ 1~uaar ~aey~e~~b~P.~r~~r;~~~~a~~~~;;_ 
YET ANOTHER OUTSTANDING OFFER ~~gX: g_-~g~cicD;o:~tf-·1;~:~-~g~sAI?·t;~~s0£~~5A0 ~~ •.- .' qUJred . Size only 3 " x 4" Depth 2W' Pnce 
New IMFD 600V Dubilier wire ended capacitors, 10 for £1.50 P&P 50p ea . + P&P 50p. (£4.60 Incl. VAT). 0 -SOA DC. 0_1 OOA DC. - - · £6 .50 ., SOp P&P (£8.05 '~cl. VAT & P) 

~~': ://':::::~::: •: Callus SERViCE"TRADING co _____ N_._~_&s•T•-:.=_•~-~-~0-~-~-i~iu.ofn•a~-~u_;~-~s-~-~s.ut~.P~.us_ .. 
-Ample Parking 

57 BRIDGMAN ROAD CHISWICK LONDON W4 588 01 -9951560 

. Showroom open Mon-Fri. ACCOUNT CUSTOMERS MIN. ORDER £10.00 

PERSONAL CALLERS ONLy 
9 LITTLE NEWPORT STREET. 

LONDON. WC2H 7JJ 
Tel. 01-437 0576 
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J. L. Linsley-Hood High Quality 
Record~r 

We are the Designer Approved suppliers of kits for this excellent design . The Author"s . 
reputation tells all you need to know about the circuitry and Hart expertise and 
experience guarantees the engineering design of the kit. Advanced features includ~ : 

High quality separate VU meters with excellent ballistics . Controls, switches and 
sockets mounted on PCB to eliminate difficult wiring . Proper moulded escutcheon 
for cassette aperture improves appearance and removes the need for the cassette 
transport to be set back behind a [larrow finger trapping slot . Easy to use, robust 
Lenco mechanism. Switched bias and equalisation for d1fferent tape formulations . 

All wiring is terminated with plugs and sockets for easy assembly and test . 

Sophisticated modular PCB system gives a spacious, easily built and tested layout. 

All these features added to the high quality metalwork make this a most satisfying kit 

to build. Also included at no extra cost is our new HS15 Sendust Alloy record/play 
head, available separately at £7.60 plus VAT, but included FREE as part of the· 
complete kit at £81.50 plus VAT . 
REPRINTS of the 3 articles describing this design 45p No VAT. 
REPRINT of Postscript article lOp No VAT. 

. TEST CASSETTE TC1 
Special Hart Copyright test tape makes it easy to set up VU level. head azimuth and ' 

tape speed, without test instruments. Suitable for any cassette recqrder. ~omplete 
with instructions £2.70 inc. VAT. 

LINSLEY HOOD CASSETTE RECORDER 
Our new improved performance .model of the Linsley Hood Cassette Recorder 
incorporates our VFL 91 0 vertical front mechanism and circuit modifications to 

increase dynamic range . Board layouts have been altered and improved but retain 

the outstandingly successful mother and daughter arrangement used on our Linsley 
Hood Cassette Recorder 1 . 
This latest version has the following extra features : Ultra low wow-and-flutter of 

.09%- easily meets DIN Hi-fi spec . Deck controls latch in rewind modes and do not 
have to be held. Full Auto stop on all modes. Tape counter with memory rewind. Oil 
damped cassette door. Latching record button for level setting. Dual concentri.c input 
level controls . Phone output . Microphone input facility if required. Record interlock 

prevents re-recording on valued cassettes. Frequency generating feedback servo 

drive motor with built-in speed control for thermal stability. All these desirable and 

useful features added to ·the excellent design of the Linsley-Hood circuits and the 

quality of the components used makes this new kit comparable with bu ilt-up units of 

much higher cost than the modest £94.90 +VAT we ask for the complete kit . 

SUPER BARGAIN OFFER 
LENCO FFR CASSETTE DECK 

For those who missed our recent bargain CT4s, we now are delighted to be able to 

offer Brand New Lenco FFR decks complete with motor speed and solenoid control 

boards fitted and tested . This deck is almost identical to the·CRV lacking only the 

pause control and record button . 
A mono head is fitted but we can supply a stereo head, bought at the same time, for 

only £2 + VAT. 
This deck would normally cost about £25, and we are offering it complete with a free 

escutcheon for the incredibly low price of £9.99 +VAT. 

VR ~JC 

~VFL 910. Vertical front loading Super Hi-fi deck, as used in our new Linsley-Hood 

Cassette Recorder 2. £31 .99 +VAT. Set of knobs £1.46 +VAT. 

LENCO CASSETTE MECHANISMS 
We hold stocks of a range of Lenco tape transports for all uses, we can also supply 

spare parts . For exampl~: 
CRV Motors complete £4.00 plus VAT. 
CRV Drive Belts 90p plus VAT. 

CASSETTE HEADS 
A large range of .cassette heads for domestic, industrial and audio visual purposes is 
available from us. The very best stereo head that we can find is our HS 1 5 Sendust 

Alloy Super Head . This has an even better high frequency response than our H S 14 
which it replaces . Unlike cheaper and ferrite types this excellent high frequency 

performance is combined with a high output, thus maintaining the best possible 
signal to noise ratio. Price £7.60 plus VAT. 
4-TRACK Record/play head . Scans all 4 tracks on cassette tape . Suitable for 

auto-reverse mechanisms, film sync, quadrophonics and many other purposes. 
Standard impedance £7.40 plus VAT. 
Full details of these and other heads are in our lists . 

ALL UK ORDERS ARE POST FREE 

Hi'RiSAEE'L'ECfR'fi'NICs 
Penylan Mill, Oswestry, Salop 

Personal callers are always welcome 
but please note we are closed all day Saturday 

Instant easy ordering . telephone your requirements and credit card number to us on 
Oswestry (0691) 2894. 

WIRELESS WORLD, OCTOBER 1979 

IN 

DEVON! 
~URA SOUNDS ARE BRINGING 
WERSI ORGANS & KITS TO THE 

ROUGEMONT HOTEL 
EXETER 

CONCERT FRIDAY, SEPTEMBER 28th 
7.30 p.m. to 10.00 p.m. 

Admission Free 

DEMONSTRATIONS SATURDAY, SEPTEMBER 
29th 

10.00 a.m. to 5.00 p.m. 

CD4015. 
CD4016 

MOSgg~g~~ 
Mllinly RCA CD40 1 9 
CD4000 0 .15 CD402D 
CD4001 0 .17 CD4021 
CD40D2 0 .1 7 CD4022 
CD4006 1.04 CD4023 
CD4007 0.18 C04024 
C04008 0 .87 CD4025 
CD4009 0 .50 CD4026 
CD4010 O.SO CD4027 

. CD40 11 0 .1 8 CD4028 
C04012 0 .20 C04029 
C040 1 3 0 .43 CD4030 
C04014 0 .83 CD4Q31 

0 .83" CD4032 
0.48 CD4033 
0 .79 CD4034 
0.83 CD4035 
0 .50 C04036 
1.11 CD4037 
0 .90 CD4038 
0 .82 C04039 
0 .18 CD4040 
0 .70 CD4041 
0.20 CD4042 
1.55 .CD4043 
0.44 CD4044 
0 .77 CD4045 
1 .03 C04046 
0.50 C04047 
2.00 C04048 

0.89 C04049 
1.25 CD4050 
1.71 C04051 
1.06 C04052 
2.86 C04053 
0.85 CD4054 
0.96 CD4055 
2 .78 CD4056 
0.97 CD4059 
0.75 CD4060 
0.69 CD4063 
0.88 CD4066 
0.84 CD4067 
128 CD4068 
120 C04069 
0.89 CD4070 
0 .50 CD4071 

0.50 C04072 
0.43 C04073 
0.82 CD4075 
0.82 CD4076 
0 .82 CD4077 
1.04 CD4078 
1.18 CD4081 
1 .18 CD4082 
4.29 CD4085 
1.00 CD4086 
0.98 CD4089 
0.55 C04093 
3 .35 CD4094 
0 .20 CD409 5 
0.20 CD4096 
0.4& CD4097 
0 .20 CD4098 

0.20 CD4099 
0.20 CD4502 
0.20 CD4510 
1.17 CD4511 
0.39 C04514 
0.20 CD4515 
0.20 CD4516 
0.20 CD4518 
0.64 CD4520 
0 .64 CD4527 
1.39 CD4532 
0 .80 CD4555 
1.69 C04556 0.78 . 
0.94 MC14528 0.13 
0.94 MC14553 4.43 
3.35 
0 .98 

ASSE'M·BLED LATCHED COUNTER MODULES 

Our.range Of Industrial Latched Counter Module Krts is now aVailable ready-built. These counters use 

both CMOS and TTL ICs and will save you considerable design. purchasing. building and de-bugging 

time. Each module uses a set of red LED displays and features a single in-line plug and socke1. 

Instructions are p_rovided . For full details please send for Catalogue . 

Kit 

· Our offices are at Chapel Street, Oxford, but please 'do not use this as a posts/ addre&s · ··ot 

FAST SERVICE. We gu8t8nt- thllt Telephone Orden for goods in ltock. received by 4.15 

p.m . (Mon.-Fri.) will be diapetched on the aeme day by 1at Cl .. a Poat (aome heavy Item• by · 

parcel pollt) end our atocking ia good. Prlv11te cuatom..,.. should telephone and pay by giving 

~eir Acc.esa Or B•cla.yt;ard n~mber w"" • minimu~ valu~ of£ 5. Official orders no ~ini~':'~~ 
Official~. ~nietl, Oovt., N-. lnds .. end Unlvs. 
ORDERS: C.W .O. addVATat8% + 35pp&p. TELEPHONE and CREDIT invoicedORDERSaddVAT 

at 8% + SOp p&p minimum charga (the balance will ba charged at cost) . Plea"" sond. FAST 

SERVICE . EXPORT ORDERS weJcome, no VAT but add 10% (Europe) . 15% (Overseas) for Atr Mail 

p&p. For export postage rates on heavy items - contact us first. . 

~~~~:~~R ~~N:~~ 75C OXFORD~~ I: i i ~I 
Tel; 0865 49791 

. .. . ~ . ) 

WIRELESS WORLD, OCTOBER 1979 

I<EIT~iLEY 
ltltl :y taattt\lments Ltd. 

1, 8o;ufto-n ~,t>ad 
1'38-Ftu'dtng, 8e.rkshlre 8132 lf):N;L ' 
UN:t'fiQ f~tN~t>tQ:M 
{t'i78A:t 8t:ll ~3.7 "'f eJex : 0~51] 841!047 
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for cassette aperture improves appearance and removes the need for the cassette 
transport to be set back behind a [larrow finger trapping slot . Easy to use, robust 
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All wiring is terminated with plugs and sockets for easy assembly and test . 

Sophisticated modular PCB system gives a spacious, easily built and tested layout. 

All these features added to the high quality metalwork make this a most satisfying kit 
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complete kit at £81.50 plus VAT . 
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incorporates our VFL 91 0 vertical front mechanism and circuit modifications to 

increase dynamic range . Board layouts have been altered and improved but retain 

the outstandingly successful mother and daughter arrangement used on our Linsley 
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This latest version has the following extra features : Ultra low wow-and-flutter of 

.09%- easily meets DIN Hi-fi spec . Deck controls latch in rewind modes and do not 
have to be held. Full Auto stop on all modes. Tape counter with memory rewind. Oil 
damped cassette door. Latching record button for level setting. Dual concentri.c input 
level controls . Phone output . Microphone input facility if required. Record interlock 

prevents re-recording on valued cassettes. Frequency generating feedback servo 

drive motor with built-in speed control for thermal stability. All these desirable and 

useful features added to ·the excellent design of the Linsley-Hood circuits and the 

quality of the components used makes this new kit comparable with bu ilt-up units of 

much higher cost than the modest £94.90 +VAT we ask for the complete kit . 

SUPER BARGAIN OFFER 
LENCO FFR CASSETTE DECK 

For those who missed our recent bargain CT4s, we now are delighted to be able to 

offer Brand New Lenco FFR decks complete with motor speed and solenoid control 

boards fitted and tested . This deck is almost identical to the·CRV lacking only the 

pause control and record button . 
A mono head is fitted but we can supply a stereo head, bought at the same time, for 

only £2 + VAT. 
This deck would normally cost about £25, and we are offering it complete with a free 
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VR ~JC 

~VFL 910. Vertical front loading Super Hi-fi deck, as used in our new Linsley-Hood 

Cassette Recorder 2. £31 .99 +VAT. Set of knobs £1.46 +VAT. 
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We hold stocks of a range of Lenco tape transports for all uses, we can also supply 

spare parts . For exampl~: 
CRV Motors complete £4.00 plus VAT. 
CRV Drive Belts 90p plus VAT. 

CASSETTE HEADS 
A large range of .cassette heads for domestic, industrial and audio visual purposes is 
available from us. The very best stereo head that we can find is our HS 1 5 Sendust 

Alloy Super Head . This has an even better high frequency response than our H S 14 
which it replaces . Unlike cheaper and ferrite types this excellent high frequency 

performance is combined with a high output, thus maintaining the best possible 
signal to noise ratio. Price £7.60 plus VAT. 
4-TRACK Record/play head . Scans all 4 tracks on cassette tape . Suitable for 
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DE .LUXE EASY TO BUILD LINSLEY-HOOD 
75W STEREO AMPLIFIER £99.30 + VAT 
This easy to bui ld version of our world-wide acclaimed '75W amplifier kit based upon circuit 
boards interconnected with gold plated contacts resulting in m inimal w1nng anddconstru ctlo~ 
delightfully straightforward . The design was published 1n H1-F1 News and Recor Rev1ew an 
features include rumble filter. variable scratch filter. versat1le tone controls and tape 
monitoring whilst distortion is less than 0 . 01 % . 

WIRELESS WORLD FM TUNER £70.20 +VAT 
A pre-aligned front-end module makes this Wireless World published design very simple. to 
construct and adjust w ithout special instruments. Features include an excellent a.m . re1e~t1on 
push-button station select1on as well as infin ~~ely v~.riable tun1ng and a phase locked oop 
stereo decoder. incorporating act1ve filters for b1rdy suppress1on. 

LINSLEY-HOOD CASSETTE DECK £79.60 + VAT 
This design publish~d in Wireless World, although straightforward and relatively low cost 
provides a ;ery high standard of performance. The~e are sel?arate record and replay amphf1ers 
and switchable equalisation together w1th a ch01ce of b1as levels are also prov1ded . The 
mechanism is the Goldring-Lenco CRV with electronic speed control. 
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~TRANSCENDENT 2000 SINGLE BOARD SYNTHESI~ER : 
As featured in Electronics Today lnt'!_rnat1onal . ~ 
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Cabinet size 24.6"x15. 7"x4.8" (raar) 3.4 " (front) 

The kit inclutles fully f inished metalwork. fully assembled solid ' 
teak cabinet, filter sweep pedal , professiOnal qua.llty comp.onents . 
(all resistors either 2% metal oxide or Y2% metal f1lm!) and 11 really 
is complete - right down to the last nut and bolt and l;~st p1ece of 
wire! There is even a 13A plug m the k1t - you need buy 
absolutely no more parts before plugging in and makmg weat 
music! Virtually all the components are on the one professional 
quality fibre glass PCB printed with component locatiOns. All the 
controls mount directly on the main board. all connections to the 
board are made with connector plugs and construction IS so 
simple it can be built easily in a few .evenings by almost anyone 
capable of neat soldering ! When fm 1shed you Will possess a 
synthesizer comparable in performance and quahty w1th ready 
built units selling for between £500 and £700! 

COMPLETE KIT 
ONLY 

£172.00 + VAT! 
Comprehensive handbook supplied with all complete kits! This 
fully describes construction and tells you how to set up your 
synthesizer with nothing more than a mult1-meter and a pa1r of 
ears! 

CHROMATHEQUE 5000 ~:~!~~a~5~~~!~~a~n~e~~h~~i~~~!v~c~!~!~~channei.Controlofthe This versatile system featured as a constructiOnal art1cle m ELECTRONICS TODAY INTE~- -1' ht or have it strobe all the lights at a speed dependent upon mus1c level or front l>anel control lights is comprehensive to say the least. You can run the umt as a straightforward soun to 1g ff 1 Each channel handles up to 500W and as the k1t IS a smgle board des1gn Wlnng IS . setting or use the internal di@ital circuitry which produces some superb random and sequencing e ec s. 
mininial and construction very straightforward . 

. Kit includes fully finished metalwork. fibre9lass 
' PCB, controls, wire. etc -Complete right down to 
the last nut and bolt! 

COMPLETE KIT ONLY 
£49.50 +VAT 
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MPA200 1 DOW MIXER/ AMPLIFIER . . .. . . . . ' · 200 · exce tiona II low-priced but professiona lly finished general purpose . rugged .. h1gh-power ampllf1er Featured as a constructional article m Electronlcs-:[oday International the MPATh IS a~ 'dp e~one controls and a master volume control. Mechanically the design IS Simplicity In the ' which has an adaptable range of inputs such as d1sc. 'microphone, guitar . . etc. ere r~ fw! ~ r~ng 1 I ark fib reg lass PCB 's. controls·. wire. etc . - Complete right down to the last nut and extreme with minimal wiring making construct ion very straightforward . Kit Includes u Y m1s e me a w • 
bolt! · 

Panel s ize 19.0"x3.5". Depth 7.3" 

COMPLETE KIT ONLY 
£49.90 +VAT 

All kits also available as separate packs (e .g. 
P.C.B . component sets, hardware sets, etc .). 
Prices in FREE CATALOGUE 
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· ~ . :T20 + 20 AND T30 + 30 E 

oesig~ed by ·Texa~ engineers and desc_ribed in Pract~cal Wireless, the Texan _was an immediate success . Now developed further 1n otlr laboratories to 1nclude a Toro1dal transformer and add1tional improvements, the sliml1ne T20+20 delivers 20W rms per channe l of true Hi-Fi at exceptionally low cost. The N8yto build design is based 
on a single F/ Giass PCB and features all the normal facilities found on quality amplif iers including scratch and 
rumble filters, adaptable input selector and headphones sqcket. In a follow-up article h1 Practical W ireless further modificati ons were sugges~ed and these have been ii1corporated into the T30 + 30. These include RF ' 
interference filters and a tape monitor facility . Power output of this model is 30W rms per channel . 

; :~ 20W, 30W AMPLIFIERS 
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SPECIAL PRICES FOR COMPLET E KITS 

T20+20 KIT PRICE £33.10 +VAT 

T30+30 KIT PRICE £38.40 +VAT 

AVAILABLE AS SEPARATE PACKS - PR ICES IN OUR FREE CATALOGUE 

POWERTRAN SFMT TUNER 

• I 

+VAT ~ SPECIAL PRICE FOR COMPLETE KIT £47.70 +VAT 
c:l 

'PRICE FOR COMP~E~E ~IT £35.90 
AVAILA BLE AS COMPLETE KIT ONLY 

This is a simple, low cost des ign which can be constructed easily without special alignment 
equipment but wh ich still g ives a first-class output suitable for feeding any of our very popular 
amplifier~ or any other high quality audio equipment. A phase-locked-loop is used for stereo 
decoding and controls include switchable ate, switchable muting and push-button channel 
selection (adjustable by controls on the front panel) . Th1s umt matches well w1th the T20 + 20 
and T30+30 amplifiers . 

AVAILABLE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

C Following the success of our Wire less Wo rld FM Tuner Kit this cost reduced model was ~ designed to complement the T20 + 20 and T30+30 amplifiers and the cabinet size, front a: p<Jnel format and electrical characteristics make this tuner compatible wi th either. · 
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lEW! 
Another superb design by synthesizer expert Tim Orr! 

T-RANSCENDENT DPX 
As featured in Electronics Today International August, September 

October, 19 77 issues 

DIGITALLY CONTROLLED, TOUCH SENSITIVE, POLYPHONIC, MULTI-VOICE SYNTHESIZER 
The Transcendent POX is a really versatile new 5 octave keyboard ·instrument . There are two audio outp~ts which can be used simultaneously. On the first there is a beautiful harpsichord or reed sound - fully polyphonic i .e. you can play chords with as many notes as you like . On the second output there is a wide range of different voices, still fully polyphonic . It can be a straightforward piano or a honky tonk piano or even a mixture of the two! Alternatively you can play str ings over the whole range of the keyboard or brass over the whole range of the keyboard· or should you prefer - strings on the top of the keyboard and brass at the lower end (the keyboard is electronically split after the first two octaves) or vice versa or even a combination of strings and brass sounds simultaneously . And on all voices you can switch in circuitry to make the keyboard touch sensitive? The harder you .press down a key the louder it sounds- just like an acoustic piano. The digitally controlled multiplexed system makes practical sensitivity with the complex dynamics law necessary for a high degree of realism . There is a master volume and tone control , a separate control for the brass sounds and also a vibrato circuit w ith .variable depth control together with a variable delay control so that the vibrato comes in only after waiting a short time after the note is struck for even more realistic string sounds. 

Cabinet aize 36.3"x15.0"x5.0" (rear) 3.3" (front) 
Also available as separate packs - prices in free catalgoue COMPLETE KIT ONLY £365.00 +VAT! 

To add interest io the sounds and make them more natura l there is a chorus / ensemb le unit"' hich is a complex phasing system using. CCD (charge coupled device) analogue delay line;. The overall effect of th1s is s1m1lar to that of several acoustic Instruments· playing the same pieci1 of music . The ensemble circu itry can be switched in with either strong or mild effects. As the system is based on digital circuitry data can be easily taken to and from a computer (for storing and playing back accompan iment with or without pitch or key change, computer composing etc .. etc.) and an interface socket (25 way D type) is provided for this purpose. . . Although the DPX is an advanced design using a very large amount of Circuitry , much of it very sophist icated . the kit is mechanically extremely Simple with excellent access to all the circuit boards which interconnect w1th multiway connectors , just four of wh 1ch are removed to separate the keyboard circuitry and the panel circu1try from the main CirCUitry 1n the cabinet . The kit includes fully finished metalwork. solid teak cabinet. professional quality components (all resistors 2% metal oxide). nuts. bolts. etc .. even a 1 3A plug -you need buy absol utely no more parts before plugging in and making great music! When finished you will possess an inst rument comparable in performance and quality with ready-built units selling for over £1200! 

EXPORT A SPECIALITY! Our Export Department can read ily despatch orders of any size to any country .in the world . SO~le of the .co~~t~i es to1 

, wh1ch we sent kits last year are shown in th1s advertisement . To ass 1st m est1mat1ng postal costs our catalogue g1ves the. weights of all packs and kits. This will be sent free on request , by airmail, together with our · 'Export Postal Guide' · which gives current postage prices. There is no minimum order charge. Prices1 
same as for U.K . customers but no Value Added Tax charged . Postage charged at actual cost plus 50p documentaton and handling . Please send payment with order by Bank Draft. P0stal Order, International Money Order or cheque drawn on an account in the U.K. Alternatively fo r orders over £500 we will accept Irrevocable Letter of Cred1t payable at sight in London .. 

Value Added Tax not included in prices 
UK Carriage FREE 

PRICE STABILITY . Order w ith co nfidence! Irrespect ive of any pri ce 
changes we will hon0ur all prices 1n this advertisement until October 3 1st . 
1979. if this month's advertisement is mentioned with your order . Errors 

.. and VAT rate changes excluded. 
U.K. ORDERS. Subject to 15%. surcharge for VAT . No charge is made for 
carriage . · Or current rate if charged . 
SECURICOR DELIV ERY: For this optional service (U .K . mainland only) 
add £2 .50 (VAT inclusive) per kit. 
SALES COUNTER: If you prefer to collect your kit from the factory. call at 
Sales Counter. Open 9 a.m .-4.30 p.m. Monday-Thursday. 

QUALITY: All components are brand new f irst g rade full specif ication .guaranteed devices . All res istors 
(except where stated as metal oxide) are low noise carbon film types. All pnnted circu1 t boards are fibreglass, 
dril led roller tinned . · 

FOR FURTHER INFORMATION PLEASE WRITE OR 
TELEPHONE FOR OUR FREE CATALOGUE 

POWERTRAN ELECTRONICS 
PORTWAY INDU STR! A L ESTATE 
A NDOVE R HA NTS SP1 0 3 NN 

ANDOVER · 
(0 264) 64455 
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DE .LUXE EASY TO BUILD LINSLEY-HOOD 
75W STEREO AMPLIFIER £99.30 + VAT 
This easy to bui ld version of our world-wide acclaimed '75W amplifier kit based upon circuit 
boards interconnected with gold plated contacts resulting in m inimal w1nng anddconstru ctlo~ 
delightfully straightforward . The design was published 1n H1-F1 News and Recor Rev1ew an 
features include rumble filter. variable scratch filter. versat1le tone controls and tape 
monitoring whilst distortion is less than 0 . 01 % . 

WIRELESS WORLD FM TUNER £70.20 +VAT 
A pre-aligned front-end module makes this Wireless World published design very simple. to 
construct and adjust w ithout special instruments. Features include an excellent a.m . re1e~t1on 
push-button station select1on as well as infin ~~ely v~.riable tun1ng and a phase locked oop 
stereo decoder. incorporating act1ve filters for b1rdy suppress1on. 

LINSLEY-HOOD CASSETTE DECK £79.60 + VAT 
This design publish~d in Wireless World, although straightforward and relatively low cost 
provides a ;ery high standard of performance. The~e are sel?arate record and replay amphf1ers 
and switchable equalisation together w1th a ch01ce of b1as levels are also prov1ded . The 
mechanism is the Goldring-Lenco CRV with electronic speed control. 
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~TRANSCENDENT 2000 SINGLE BOARD SYNTHESI~ER : 
As featured in Electronics Today lnt'!_rnat1onal . ~ 
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Cabinet size 24.6"x15. 7"x4.8" (raar) 3.4 " (front) 

The kit inclutles fully f inished metalwork. fully assembled solid ' 
teak cabinet, filter sweep pedal , professiOnal qua.llty comp.onents . 
(all resistors either 2% metal oxide or Y2% metal f1lm!) and 11 really 
is complete - right down to the last nut and bolt and l;~st p1ece of 
wire! There is even a 13A plug m the k1t - you need buy 
absolutely no more parts before plugging in and makmg weat 
music! Virtually all the components are on the one professional 
quality fibre glass PCB printed with component locatiOns. All the 
controls mount directly on the main board. all connections to the 
board are made with connector plugs and construction IS so 
simple it can be built easily in a few .evenings by almost anyone 
capable of neat soldering ! When fm 1shed you Will possess a 
synthesizer comparable in performance and quahty w1th ready 
built units selling for between £500 and £700! 

COMPLETE KIT 
ONLY 

£172.00 + VAT! 
Comprehensive handbook supplied with all complete kits! This 
fully describes construction and tells you how to set up your 
synthesizer with nothing more than a mult1-meter and a pa1r of 
ears! 

CHROMATHEQUE 5000 ~:~!~~a~5~~~!~~a~n~e~~h~~i~~~!v~c~!~!~~channei.Controlofthe This versatile system featured as a constructiOnal art1cle m ELECTRONICS TODAY INTE~- -1' ht or have it strobe all the lights at a speed dependent upon mus1c level or front l>anel control lights is comprehensive to say the least. You can run the umt as a straightforward soun to 1g ff 1 Each channel handles up to 500W and as the k1t IS a smgle board des1gn Wlnng IS . setting or use the internal di@ital circuitry which produces some superb random and sequencing e ec s. 
mininial and construction very straightforward . 

. Kit includes fully finished metalwork. fibre9lass 
' PCB, controls, wire. etc -Complete right down to 
the last nut and bolt! 

COMPLETE KIT ONLY 
£49.50 +VAT 
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MPA200 1 DOW MIXER/ AMPLIFIER . . .. . . . . ' · 200 · exce tiona II low-priced but professiona lly finished general purpose . rugged .. h1gh-power ampllf1er Featured as a constructional article m Electronlcs-:[oday International the MPATh IS a~ 'dp e~one controls and a master volume control. Mechanically the design IS Simplicity In the ' which has an adaptable range of inputs such as d1sc. 'microphone, guitar . . etc. ere r~ fw! ~ r~ng 1 I ark fib reg lass PCB 's. controls·. wire. etc . - Complete right down to the last nut and extreme with minimal wiring making construct ion very straightforward . Kit Includes u Y m1s e me a w • 
bolt! · 

Panel s ize 19.0"x3.5". Depth 7.3" 

COMPLETE KIT ONLY 
£49.90 +VAT 

All kits also available as separate packs (e .g. 
P.C.B . component sets, hardware sets, etc .). 
Prices in FREE CATALOGUE 
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· ~ . :T20 + 20 AND T30 + 30 E 

oesig~ed by ·Texa~ engineers and desc_ribed in Pract~cal Wireless, the Texan _was an immediate success . Now developed further 1n otlr laboratories to 1nclude a Toro1dal transformer and add1tional improvements, the sliml1ne T20+20 delivers 20W rms per channe l of true Hi-Fi at exceptionally low cost. The N8yto build design is based 
on a single F/ Giass PCB and features all the normal facilities found on quality amplif iers including scratch and 
rumble filters, adaptable input selector and headphones sqcket. In a follow-up article h1 Practical W ireless further modificati ons were sugges~ed and these have been ii1corporated into the T30 + 30. These include RF ' 
interference filters and a tape monitor facility . Power output of this model is 30W rms per channel . 

; :~ 20W, 30W AMPLIFIERS 
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SPECIAL PRICES FOR COMPLET E KITS 

T20+20 KIT PRICE £33.10 +VAT 

T30+30 KIT PRICE £38.40 +VAT 

AVAILABLE AS SEPARATE PACKS - PR ICES IN OUR FREE CATALOGUE 

POWERTRAN SFMT TUNER 

• I 

+VAT ~ SPECIAL PRICE FOR COMPLETE KIT £47.70 +VAT 
c:l 

'PRICE FOR COMP~E~E ~IT £35.90 
AVAILA BLE AS COMPLETE KIT ONLY 

This is a simple, low cost des ign which can be constructed easily without special alignment 
equipment but wh ich still g ives a first-class output suitable for feeding any of our very popular 
amplifier~ or any other high quality audio equipment. A phase-locked-loop is used for stereo 
decoding and controls include switchable ate, switchable muting and push-button channel 
selection (adjustable by controls on the front panel) . Th1s umt matches well w1th the T20 + 20 
and T30+30 amplifiers . 

AVAILABLE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

C Following the success of our Wire less Wo rld FM Tuner Kit this cost reduced model was ~ designed to complement the T20 + 20 and T30+30 amplifiers and the cabinet size, front a: p<Jnel format and electrical characteristics make this tuner compatible wi th either. · 
t- ' 
en 
= c 

c:l 
z 
Cl · 
:.:: 

; c:l 
z 
Cl = 
= a: 

·= c 
z 

c a: ..... 
·c:l 

z 
Cl 
z 
c ..... 
z ... 
c 
~ 
a: ... 
c 
z .... 
= = en 
c 
:.:: 
.c 
·::ao 
\ ~ 
en 
Cl z 
u ..... 
N 
u 
c 
a: .... 
en 
= Cl 

lEW! 
Another superb design by synthesizer expert Tim Orr! 

T-RANSCENDENT DPX 
As featured in Electronics Today International August, September 

October, 19 77 issues 

DIGITALLY CONTROLLED, TOUCH SENSITIVE, POLYPHONIC, MULTI-VOICE SYNTHESIZER 
The Transcendent POX is a really versatile new 5 octave keyboard ·instrument . There are two audio outp~ts which can be used simultaneously. On the first there is a beautiful harpsichord or reed sound - fully polyphonic i .e. you can play chords with as many notes as you like . On the second output there is a wide range of different voices, still fully polyphonic . It can be a straightforward piano or a honky tonk piano or even a mixture of the two! Alternatively you can play str ings over the whole range of the keyboard or brass over the whole range of the keyboard· or should you prefer - strings on the top of the keyboard and brass at the lower end (the keyboard is electronically split after the first two octaves) or vice versa or even a combination of strings and brass sounds simultaneously . And on all voices you can switch in circuitry to make the keyboard touch sensitive? The harder you .press down a key the louder it sounds- just like an acoustic piano. The digitally controlled multiplexed system makes practical sensitivity with the complex dynamics law necessary for a high degree of realism . There is a master volume and tone control , a separate control for the brass sounds and also a vibrato circuit w ith .variable depth control together with a variable delay control so that the vibrato comes in only after waiting a short time after the note is struck for even more realistic string sounds. 

Cabinet aize 36.3"x15.0"x5.0" (rear) 3.3" (front) 
Also available as separate packs - prices in free catalgoue COMPLETE KIT ONLY £365.00 +VAT! 

To add interest io the sounds and make them more natura l there is a chorus / ensemb le unit"' hich is a complex phasing system using. CCD (charge coupled device) analogue delay line;. The overall effect of th1s is s1m1lar to that of several acoustic Instruments· playing the same pieci1 of music . The ensemble circu itry can be switched in with either strong or mild effects. As the system is based on digital circuitry data can be easily taken to and from a computer (for storing and playing back accompan iment with or without pitch or key change, computer composing etc .. etc.) and an interface socket (25 way D type) is provided for this purpose. . . Although the DPX is an advanced design using a very large amount of Circuitry , much of it very sophist icated . the kit is mechanically extremely Simple with excellent access to all the circuit boards which interconnect w1th multiway connectors , just four of wh 1ch are removed to separate the keyboard circuitry and the panel circu1try from the main CirCUitry 1n the cabinet . The kit includes fully finished metalwork. solid teak cabinet. professional quality components (all resistors 2% metal oxide). nuts. bolts. etc .. even a 1 3A plug -you need buy absol utely no more parts before plugging in and making great music! When finished you will possess an inst rument comparable in performance and quality with ready-built units selling for over £1200! 

EXPORT A SPECIALITY! Our Export Department can read ily despatch orders of any size to any country .in the world . SO~le of the .co~~t~i es to1 

, wh1ch we sent kits last year are shown in th1s advertisement . To ass 1st m est1mat1ng postal costs our catalogue g1ves the. weights of all packs and kits. This will be sent free on request , by airmail, together with our · 'Export Postal Guide' · which gives current postage prices. There is no minimum order charge. Prices1 
same as for U.K . customers but no Value Added Tax charged . Postage charged at actual cost plus 50p documentaton and handling . Please send payment with order by Bank Draft. P0stal Order, International Money Order or cheque drawn on an account in the U.K. Alternatively fo r orders over £500 we will accept Irrevocable Letter of Cred1t payable at sight in London .. 

Value Added Tax not included in prices 
UK Carriage FREE 

PRICE STABILITY . Order w ith co nfidence! Irrespect ive of any pri ce 
changes we will hon0ur all prices 1n this advertisement until October 3 1st . 
1979. if this month's advertisement is mentioned with your order . Errors 

.. and VAT rate changes excluded. 
U.K. ORDERS. Subject to 15%. surcharge for VAT . No charge is made for 
carriage . · Or current rate if charged . 
SECURICOR DELIV ERY: For this optional service (U .K . mainland only) 
add £2 .50 (VAT inclusive) per kit. 
SALES COUNTER: If you prefer to collect your kit from the factory. call at 
Sales Counter. Open 9 a.m .-4.30 p.m. Monday-Thursday. 

QUALITY: All components are brand new f irst g rade full specif ication .guaranteed devices . All res istors 
(except where stated as metal oxide) are low noise carbon film types. All pnnted circu1 t boards are fibreglass, 
dril led roller tinned . · 

FOR FURTHER INFORMATION PLEASE WRITE OR 
TELEPHONE FOR OUR FREE CATALOGUE 

POWERTRAN ELECTRONICS 
PORTWAY INDU STR! A L ESTATE 
A NDOVE R HA NTS SP1 0 3 NN 

ANDOVER · 
(0 264) 64455 
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120 

140p 4019 46p 
74259 250p 4020 100p 

7400 11p 74278 290p 4021 

~=· 74500 48p 74279 nup 4022 
7401 12p . 74283 160p 4023 :,:::, 
7402 12p 74290 150p 4024 
7403 14p 74293 150p 4025 

1=· 7404 14p 7429S 200p 4026 
74504 90p 74365 100p 4027 !lOp 

7405 18p 74366 100p 4028 84p 
7406 32p 74367 100p 4029 100p 

74368 100p 4030 55p 7407 32p 
200p 7408 17p 74390 200p 4031 

7409 11p 74393 200p 4033 190p 
7410 15p 74490 226p 4034 200p 
7411 24p 4035 110p 

74LSSERIES 4036 295p 7412 20p 
7413 30p 74LSOO 14p 4037 111ip 

741.S02 16p 4038 120p 7414 50p 741.S03 18p 74C14 lOp 4039 295p 
7416 27p 741.S04 16p 4040 100p 

741.S05 25p 4041 lOp 7417 27p 741.S08 22p 4042 ICip 7420 17p 
74LS10 20p 4043 lOp 7421 40p 
74LS11 40p 4044 90p 7422 22p 74LS13 40p 4046 110p 7423 34p 74LS14 72p 4047 100p 7425 30p 74LS15 4&p 4048 55p 7426 40p 74LS20 20p 4049 40p 7427 34p 74LS21 40p 4050 48p 7428 38p 38p 7430 17p 74LS27 4051 BOp 
74LS30 20p 4052 80p 7432 30p 

.74LS32 27p 4053 80p 7433 40p 
74LS42 70p 4054 150p 7437 36p 
74LS47 90p 4055 125p 743S 35p 
74LS51 24p 4056 135p 7440 17p 
741..555 :lip 4059 800p 7441 70p 

7442A 80p 74LS73 80p 4060 115p 
74LS74 38p 4063 120p 7443 112p 

7444 112p 74LS75 40p 4066 55p 
74LS76 45p 4067 450p 7445 100p 

7446A 83p 74LS83 110p 4068 22p 
74LS85 100p 4069 20p 7447A 50p 
74LS86 40p 4070 30p 744S lllp 
74LS90 40p 4071 22p 7450 17p 
74LS92 70p 4072 22p 7451 17p 
74LS93 60p 4073 22p 7453 17p 
74LS96 110p 4075 22p 7454 17p 
74LS107 45p 4076 107p 17p 
74LS109 lllp 4081 22p 7470 38p 
74LS112 100p 4082 22p 7472 30p 
74LS113 90p 4086 72p 7473 34p 
74LS114 45p 4089 138p 7474 30p 
74LS122 lllp 4093 ICip 7475 30p 
74LS123 70p 4094 250p 7476 35p 

7480 50p 74LSf24 111lp ' 4095 9lip 
7481 100p 74LS125 60p 4096 95p 

74LS126 60p 4097 340p 7482 84p 
74LS132 95p 4098 107p 7483A 90p 74LS133 30p 4099 200p 7484 100p 74LS136 55p 40100 220p 7485 110p 
74LS138 75p 40101 132p 7486 34p 74LS139 75p 40102 180p 7489 175p 74LS147 220p 40103 180p 7490A 30p 
74LS14B 175p 40104 99p 7491 lllp 74LS151 100p 40106 99p 7492A 4&p 74LS153 60p 40106 80p 7493A 30p 74LS154 200p 40107 80p 7494 84p 

7495A 70p 74LS155 90p 40108 470p 
7496 65p 74LS156 90p 40109 100p 
7497 18Cip 74LS157 80p 40110 300p 

74LS158 90p 40114 250p 74100 130p 
74104 55p 74LS160 130p 4411 1100p 
74105 85p 74LS161 100p 4502 120p 

74LS162 140p 4503 70p 74107 34p 
74109 55p 74LS163 100p 4507 55p 

74LS164 120p 450S 290p 74110 55p 
74LS165 160p 4510 ll8p 74111 70p 
74LS166 18Cip 4511 150p 74116 200p 
74LS173 110p 74118 130p 4514 255p 

74119 210p 74LS174 90p 4515 300p 
74LS175 110p 4516 110p 74120 110p 
74LS181 320p 100p 74121 28p 451S 

74122 48p 74LS190 100p 4520 100p 
74123 48p 74LS191 100p 4526 108p 
74125 55p 74LS192 100p 4527 150p 

74LS193 100p 4528 100p 74126 80p 
74LS195 140p 4538 120p 74128 75p· 
74LS196 120p 4543 111lp 74132 75p 
74LS221 140p 4553 450p 74135 50p 74LS240 175p 4556 72p 74136 75p 
74LS241 175p 4560 250p 74137 50p 
74LS242 170p 4569 250p 74141 50p 74LS243 170p 4572 40p 74142 200p 
74LS244 195p 4583 90p 74145 !lip 
74LS245 250p 4584 !lip 74147 190p 74LS247 140p 4724 250p 7414S 150p 
74LS248 140p 40014 90p 74150 100p 
7 4LS249 140p 40085 200p 74151A 70p 74LS251 140p 40097 90p 74153 70p 74LS253 140p 14411 1100p 74154 100p 
74LS257 120p 14412 1100p 74156 90p 74LS258 160p 1.4433 1100p 74157 70p 
74LS259 180p 14500 100p 74159 190p 
74LS266 100p 14599 290p 74160 100p 74LS273 175p CD22100 350p 74161 100p 
74LS279 90p CD22101 700p 74162 100p 
74LS298 248p CD22102 100p 74163 100p 
7 4LS324 200p 74164 120p 
7 4LS348 200p 74165 130p 
74LS365 100p INTERFACE 74166 120p 

7416.7 200p 74LS367 100p ICa 
74LS368 100p OM8123 175p. 74170 240p 
74LS373 tiCip MC1488 100p 74172 4&0p 
74LS374 195p MC1489 100p 74173 120p 
74LS378 200p 25S10 350p 74174 90p 
74LS390 160p 75107 180p 74175 85p 
74LS393 180p 75150 175p 74176 90p 
74LS445 140p 75154 175p 74177 !lip 
74LS668 100p 75182 230p 74179 180p 
74LS669 100p 75322 3IIOp 74180 83p 
74LS670 400p 76324 376p 741S1 180p 

75325 375p 741S2 90p 4000SERIES 
74184A 150p 4000 15p 

75361 3IIOp 
75363 400p 741S5 150p 4001 17p T5365 350p 74186 500p 4002 17p 75451 72p 74188 325p 

74190 80p 
4006 95p 7549112 96p 
4007 18p 8T26 250p. 74191 90p 400S lllp 8T28 300p 74192 90p 4009 40p 8T95 200p 74193 90p 4010 50p BT97 200p 74194 90p 4011 17p 81LS95 140p 74195 95p 4012 18p B1LS96 140p 74196 91ip 4013 50p 81LS97 140p 74197 lllp 4014 84p 81LS98 140p' 74198 150p 4015 84p 9601 110p 74199 150p 4016 41ip 9602 220p 74200 £10 · 4017 lllp 9603 180p 74221 160p 4018 89p 
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TRANSISTORS BF259 36p TIP29A 40p. 1 OA 40011 200p 93SERIES VEROBOARDS 0_1 0_15 
AC126 25p BFR39 26p TIP29C 55p 2N3055 25A 4001/ 400p 9301 160p (roppe< dad) 
AC127/8 20p BFR40 2!5p TIP30A 48p 2N3442 9302 175p 2.5X3.75" 48p 43p 
AC176 26p BFR41 2!ip T1P30C 80p 2N3553 

. Z£NERS 9308 316p 2.5X5" 57p 51p 
AC187/8 25p BFR79 25p T1P31A 58p 2N3565 

2.7V-33V 9310 275p 3.75X3.75" 57p AF116/7 30p BFRBO 25p T1P31C 62p ZN3584 
400mW 9p 9311 275p 3.75X5" 64p A0149 70p BFR81 26p T1P32A 68p 2N3643/4 
1W 15p 9312 160p 3.75X17" 222p A0161/2 45p BFX29 30p T1P32C 82p 2N3702/3 9314 165p 4.75X17.9" 290p 

AU107 200p BFX30 34p TIP33A 90p 2N3704/5 9316 225p Pktof 100pins 
BC10718 11p BFX84/5 40p T1P33C 114p 2N3706/7 

TRIAC& 9321 226p Spot face cutter 
BC109 11p BFXB617 30p TIP34A 115p 2N370B/9 

PLASTIC 9322 150p Pin insertion tool 
BC117 20p BFX88 30p T1P34C 160p 2N3773 3IIOp DIODES 3A40011 60p 9334 226p Vero Wiring Pen · TlP35A 226p 2N3S19 2!ip BY127 12p 200p BC147/B 9p BFW10 90p 

2N3820 80p 3A500V 65p 9368 + 2 wire BC149 10p BFY50 30p T1P35C 290p BYX36-300 20p 6A40011 70p 9370 200p + rombs BC1571B 10p BFY5112 30p TIP36A 270p 2N3823 70p OA47 9p 6A500V 88p 9374 200p. 
BC159 11p BFY56 33p TIP36C 340p 2N3866 90p OAB1 15p 8A400V 75p BC169C 12p BFY90 90p T1P41A 65p 2N3902 700p OAB5 15p 8A500\/ 95p . UNEAR ICa MM571 820p 

45p TIP41C 78p 2N3903/4 18p OA90 9p 150p BC172 12p BRY39 
2N3905/6 20p 12A400V 85p AYl-0212 800p NE531 

BC177/8 17p BSX19/20 20p TIP42A 70p OA91 9p 12A 50011 105p AY1-1313 668p NE555 25p 
225p · TIP42C 82p 2N4037 65p OA95 9p 320p NE556 70p BC179 18p BU104 

2N4058/9 12p 16A400\I 110p AY1-1320 
BC182/3 10p BU105 190p T1P54 150p OA200 9p 16A 50011 130p AYl-5050 211p NE561B 425p 
BC184 BU10B 250p TlP120 120p 2N4060 12p OA202 10p T2800D 130p AY5-1224A 240p NE562B 425p 11p 

·aU109 225p TIP122 130p 2N406112 18p 1N914 4p AYS-1315 600p NE565 130p BC187 30p 
BU:!05 200p. T1P2955 78p 2N4123/4 27p . 1N916 7p AY5-1317A 775p NE566 15!5p BC212/3 11p 
BU20B 200p T1P4055 70p 2N4125/6 27p 1N4148 4p 'CA3019 lllp NE567 175p BC214 12p 
BU406 145p T1S43 34p 2N4401/3 27p 1N400112 5p CA3046 70p NE571 425p BC237 15p 
E300 50p T1S93 30p 2N4427 90p 

1N400314 lip THYRISTORS CA3048 225p NE585.6N 3IIOp BC327 18p 
E30B 50p ZD<lOB 12p 2N4871 60p 1N4005 tip 1A 501/ 40p CA3080E 72p RC4151 400p BC337 18p 
E310 SOp ZTX300 13p 2N5087 27p 

1N400617 7p • 1A400V 85p CA3086 48p SA01024 

~= · 
8C338 18p 

MJ2501 225p zrxsoo 15p 2N5089 27p 1N540113 14p 3A400\I 90p CA30S9E 225p SFF96364 BC461 36p 
MJ2955 100p ZD<502 18p 2N5172 27p 1N540417 19p SA 60011 140p SN78003N 175p BC477/8 30p 

2N5179 90p' CA3090AQ 375p 
140p BC516/7 50p MJ3001 226p 'zrx504 30p 15920 9p 12A4001/ 160p CA3130E 100p SN76013N 

MJE340 65p 2N457A 250p 2N5191 83p 
16A lOOV 180p CA3140E 50p SN76013NO 120p BC5478 16p 

MJE2955 100p 2N696 35p 2N5194 80p 
16A 400V 18Cip CA3160E 100p SN76023N 14011 BC54SC 9p 

MJE3055 70p 2N697 25p 2N5245 40p 
16A 600V 220p CA3161E 140p SN76023NO 120p 8C549C 18p 

MPF102 45p 2N698 4&p 2N5296 55p 
BT106 110p 4&0p SN76477 250p BC557B 16p 

20p 2N5401 50p CA3162E 
71i0p BC559C 18p MPf103/4 40p 2N706A C106D 45p CA3199E 4liOp SP8515 

2N708A 20p 2N5457 IS 40p TAA621 275p BCY70 18p MPF105/6 40p 
2N5459 40p MCR101. 38p FX209 750p 

SCY7112 22p MPS6531 50p 2N918 4&p 2N3525 120p 10.7106 8liOp TBA641811 225p 
2N930 18p 2N5460 60p 

140p 8013112 50p MPS6534 50p 2N4444 10.8038 340p . TBA651 200p 
54p MPSA06 30p 2N113112 20p 2N5485 44p RECTIFIERS 

2N5060 34p 95p TBABOO 90p S0135/6 
25p· 2N5875 250p lA 50V 19p LF356P 

TBAS10 100p 80139 58p MPSA12 50p 2N1613 
2N6027 48p 1A 100V 20p 2N5064 40p LF358P 75p 

80p MPSA13 50p 2N1711 25p LM10C 4&0p TBA820 90p 80140 
2N2102 70p 2N6247 190p 1A 40011 Z5p 

LM301A 30p TCA940 175J> 80189 80p MPSA20 50p 
2N2160 350p 2N6254 130p lA 60011 30p 

LM311 120p TDA1004 3IIOp BD232 95p MPSA43 50p 
2N2219A 22p 2N6290 65p 2A 50V 30p LM318- 200p TDA1008 320p 80233 75p MPSA56 32p 
2N2222A 22p 2N6292 85p 2A 100V 35p LM319 225p TDA1010 225p SD235 85p MPSA70 50p 
2N2369A 16p 2SC 1172 150p 2A 4001/ 45p LOUD-LM324 70p TDA1022 600p 80241 70p MPSU06 83p 
2N2484 30p 3N128 120p 3A 200V 60p SPEAKERS LM339 75p TDA1024 120p 80242 70p MPSU07 90p 
2N2646 50p 3N140 100p 3A 600V 72p Size LM348 9Sp TOA10348 250p 8DX53B 150p MPSU45 lOp 
2N2904/5 25p 3N141 110p 4A lOOV 95p 2Y211 64R 70p LM377 175p TDA1170 250p SOY 56 200p MPSU65 78p 
2N2906A 24p 3N201 110p 4A 400V 100p 2Yz" SR 70p LM380 75p TDA2002V 325p SF200 32p OC2S 130p 
2N2907A 30p 3N204 100p 6A 50V 60p 2" SR lllp LM3S1AN 160p TDA2020 320p SF244B 35p OC35 130p 
2N2926 9p 40290 250p 6A 100V 100p 1%" BR 80p 38p Tl072 95p SF2568 70p R20088 200p 

40360 40p 6A 40011 120p LM709 
2N3053 27p LM710 50p TL074 150p SF25718 32p . R2010B 200p 

130p LM726 350p Tl084 
MEMORIES LOW PROFILE OIL SOCKETS BY TEXAS LM733 100p Tl170 50p 

120p " 
UART 

LM741 20p UON611S 320p 2102-2L AY-3-1015P 
30p LM747 70p UON6184 320p 21078 500p AY-5-1013P Spin 10p 18 pin 22p 24 pin 

LM748 35p ULN2003 100p 2111-2 225p · IM6402 14pin 11p 20 pin 25p 28 pin 36p 
LM2917 250p XR2206 400p 2112-2 300p TMS6011NC 16pin 12p 22 pin 28p 40pin 48p 
LM3900 70p XR2207 400p 2114 625p 
LM3909 70p XR2211 600p 4027 375p CHARACTl!R 

WIRE WRAP SOCKETS BY TEXAS LM3911 130p XR2216 875p 4044 900p GENERA10RS 
24 pin 90p, LM3914 250p XR2240 400p 4116 900p 3257AOC 990p Spin 3Dp 18pin 70p 

LM4136 120p . ZN414 90p 5101 510p MCM6576 £10 14pin 40p 20 pin 75p 28 pin 110p 
POA 350p 800p 16 pin 55p 22 pin BOp 40pin 140p MC1310P 150p ZN419C 6810 R0-3-2513 U.C. 

55p ZN424E 135p 745201 325p ' R0-3-2513 L.C. 800p MC1458 
ANTEX SOLDERING MC1495L 350p ZN425E 400p 82516 325p SN74S262AN 1350p 

SWITCHES IRONS MC1496 100p ZN1034E 200p ROM/PROMs 
Toggle C-15W 380p MC3340P 120p 95H90 800p 71301 700p KEYBOARD 
SPST 60p CX-17W 400p , MC3360P 120p 11C90 1400p 74S18S 225p ENCODER 

400p 350p £10 SPOT 65p CCN-15W MK50398 750p 74S287 AY-5-2376 
DPDT 70p X25 400p 745387 350p 
DPDT (centre off) 85p SPARE BITS 

REGUlATORS 
745470 650p TRANSFORMERS Fiud Ploatic t0-220 Push to make 15p C/CX/CCN 46p +ve 745471 650p (prim 220/ 24011) 

break 25p X25 SOp . 
lA 

745571 1100p 6{).6 10DmA 88p 5V 7805 70p -ve 
82S137 750p 9.{).9 75mA 92p Push latching SPCO SPARE ELEMENTS 7812 7op· 7905 75p 

60p 180p 
12V 

7912 75p 93427 400p 12.0.12 100mA 95p 
18p C/CX/X25 15V 7815 70p 

650p 0.120 12500mA 280p SUDE DPOT 
CCN 200p 7S18 70p 7915 75p 93436 

ROCKER SPST 28p 18V 
7824 70p 791S 75p 93446 850p 0-25V (5VA) 250p 

WAFER ADCOlA IRONS 24V 
7924 7!ip 93448 1000p 9-0-91A 270!f K1000 550p 

12V2A 350p• 1PI12W 45p 
K2000 550p T0-92 CPUs 

3P/4W 4&p • 100mA 
78L05 30p 79L05 lllp 1600 £12 0-12-15 

4P/3W 45p 5V 
7SL12 30p 79L12 80s- 2650A £20 20.24-30 lA 340p. 

2P16W 45p VEROBOARDS 12V 
7SL15 30p 79L15 ICip 6502 £10 1!>-Q.151A 265p• DIP Breadboard 15V 

6800 900p (Please add 50p p&p charge 4.15 X 6.15 270p OTHER REGULATORS TBA625B 120p 6802 1250p to all marked • atxwe our nor- (Suitable for 20 X 14 pin or LM309K 135p 78HGKC 725p 
8080A 550p IT'al p&p charge). 100KHz 3IIOp 16 X 16pinOILICs)OIP LM317T 200p 78H05KC 625p 
1NS8060 £11 1M Hz 370p Breadboard as above with 1racks LM323K 78MGT2C 135p zso £11 1.008MHz 370p for 31 way connector 340p LM723 7SP05 900p ZSOA £12.50 RESISTORS Higo• 3.276SMHz 350p V .Q Boards tor ICs 105p StabS% E12 3.579545MHz 200p (No track cutting) EPROMS 

Carbon Film -4MHz 350p ORP60 90p 1702A 500p 2N5777 4&p ORP61 90p 2516 3200p S.867237MHz 400p 
CONNECTOR PLUGS· OCP71 130p T1L78 . 70p 2708 900p V.W10R-1M 7p/5pcs 10.7MHz 350p 
31 way Plug 110p ORP12 90p 

2716 £29 one value 18MHz 300p 
31 way Socket 110p OPI'O-ISOLA10RS Y2WlOR-10M 5p/3pcs 26.690MHz 210p 
5-1 00 Busboard £12 IW74 130p TIL111 90p SUPPORT one value 27.145MHz 210p MCT26 100p TIL112 90p DEVICES MCS2400 190p TIL116 90p 3245 400p Miniature Presets 

EDGEBOARD CONNECTORS 0.156" PITCH LEOS 4002 Hor !Vert 1 OOR-1 M 12p 
0 .125" 0.2" 6820 500p Carbon TJaCk Pots 2 X 10 way 85p 2 X 22 way 135p 
TIL32 75p TIL220Red 18p 6821 500p 5K-1 M Log or Lin 2x15way 100p 2x25way 160p 
Tll209Red 13p TIL222 Gr 18p 6850 500p Single 30p 2x 18""Y 120p 
T1L211 Gr 20p .TJL22S Red 22p 8205 320p Single with Switch 80p 
T1L212Ye 25p MV5491 TS 120p 8212 225p Dual 72p 
T1L216 Red 18p Dips 3p 8216 225p SLIDER POTS 60mm Track 

325p DISPlAYS 8224 400p LIN 5K, I OK. 50K, lOOK 
325p NSB5881 570p 8228 525p 60p 

70p 3015F 200p 
11L311 600p 8251 700p LOG lOK 60p 350p DL704 140p 

DL707 Red 140p TIL312/3 110p 8253 1200p 
TIL32112 130p 8255 &&Op 707Gr 140p 
TIL330 140p 8257 1100p 

DATA BOOKS 
Dl.747 Red 225p 

7750/60 200p 8259 1400p 747 Gr 225p 
DRIVERS Z80P10 650p TTL.s, CMOs, Linears. Memories, etc, by Mfrs stocked. FND357 120p 
9638 200p ZBOCTC 650p FNDSOO 120p 
9370 200p MC14411 1100p Please send S.A. E. for details. FN0507 
UON611S 320p MC14412 1100p MAN3640 
UDN6184 320p 

BREADBOARDS PROTOBOARD (RI SOLDERLESS BREAD- 16 KEY KEYPAD £4.00 COMPUTER KITS 
MEMORY MAPPED VDU INTERFACE KIT £4S.OO EXP350 3.6" x 2.1" £3.15 BOARDS (Reed Switches) 

£3.75 (Up to 3 x 14 pin ICs) Socket Strips/Bus Strips/Binding Posts mounted UHF Modulators " 
£66.00 Reed Sw•tches (1 2VA) £0.26 SERIAL 1/P VDU INTERFACE KIT EXP650 3.6" x 2.4" £3.60 on sturdy base plate. 

(Up to 1 x 40 pin I C) PBS 6 x 14 OIL ICs £9.20 LOGIC PROBE £18.00 ELF II MICROCOMPUTER KIT £79.95 
EXP300 6" x ).1" £5.75 PB100 lOx 14 OIL ICs £11.80 MULTI METERS ELF II WIRED AND TESTED £99.95 
(Uto 6 x 14 pin ICs) PB102 12 x 14 DIL ICs £22.95 SUPERTESTER 680R £33.00 GIANT MONITOR BOARD KIT FOR ELF II £35.00 
EXP600 6" x 2.4" £6.30 P8103 24 x 14 OIL ICs £34.45 MICROTEST BOR £17.00 4K STATIC RAM BOARD FOR ELF II £69.44 
(Up to 1 x 40 pin DCs) PB104 32x 14 OIL ICs £45.95 TMK500 £22.00 ASCII KEYBOARD KIT £50.58 

(The above boards are suitable for all OIL ICs.) Pocket multimeter £4.75 (Please add 7 5p p&p to all above items). 
IC TEST CLIPS 

, 14 pin £2.60 24 pin £l.90 
£2.75 40 pin £2.90' 16 pin 

We carry a la;ge stock of 74 and 74LS TTls, CMOS, Linears, Memories, etc. and can normally offer 
ex-stock deliveries. We welcome inquiries for volume quantities both from local_ and overseas buyers. 
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COURSE 525A 

Self-study 
Microcomputer Training Course 

INTEGR4TED 
CDVJPLJrER 
SYSHMS PUBLISHING CO. 

• A uniquely detailed 800-PAGE WORKBOOK/TEXT 

•A FULLY ASSEMBLED and TESTED microcomputer 

•A COMPLETE SYSTEM with keyboard, Display, Audio 
Cassette Interface and Power Supply· 

• Based on the 8080A MICROPROCESSOR 

• Designed to TEACH microcomputer software and 
hardware from fundamentals through advanced concepts 

• Easily EXPANDABLE using the Advanced interface 
Training System Hardware of COMPANION COURSE 
536A 

•THE S-100 BUS COMPATIBILITY (through our c;>ptional 
S-100 Bus Interconnect Board) permits easy addition of 
CRT's, printers, floppy disks, and other peripherals. 

FOR FREE CATALOGUE Please write or call: 

LEATHERHEAD 
(03723) 79211 

ICSP- U.K. 
Pebblecoombe, Tadworth 
Surrey KT20 7PA 
England 

K~A~U A 150 MIXER AMPLIFIER MiniM 
150 WATTS SINE WAVE POWER 

£149.50 
inc. VAT 

Mono, all purpose, reliable, strongly made(%" Ali frame). 
Double anodised facia. Full electronic short circuit protection, 
Six independent inputs: Dual Phono, RIAA, change-over fader for Discos. 
Twin Jack output sockets: 80 150W; 40100W; 160 SOW. (R.M,S.) 

K.A.C. Electronic lnv. Ltd., 20 Priory St., Tonbridge, Kent 
CALL FOR DEM or PHONE (0732) 358109 FOR LEAFLET 

WW- 109 FOR FURTHER DETAILS 

FOR TESTING AMPLIFIER QUALITY 
YOU NEED A SIGNAL WITHOUT DISTORTION 

We do not claim our Model 
AO 146 Signal Generator is 
distortionless. 
However it is so low (.0015%) 
that only the most sophisticated 
Analyser can detect it. 
Developed from a Linsley Hood design 

Spec. Sine wave distortion below .0015% output lv 
rms. Freq. coverage 1Ohz-1OOkHz Coarse and fine 
attenuation into 600 ohms. Square wave 
alternative. 

TELERADIO ELECTRONICS 

£36.00 
Tax extra 1 5% 
P.P. £1.75 

325 FORE STREET, EDMONTON, LONDON N9 OPE 
01-807 3719 Closed Thursdays. S.A.E. for lists . 

WW-097 FOR FURTHER DETAILS 

LET US TURN YOUR-HI-FI ON 
with our DIGITAL TIMER 

The Minim Digital Timer is an accurate 24 hour clock, with the 
facility to switch mains operated equipment ON and OFF at 
independently pre-set times; it can switch appliances up to 1. 5 kW 
-the biggest hi-fi, TV, heaters, lights, etc. It is very easy to set the 
time and lights illuminate to clearly show the settings. Housed in an 
attractive teak veneered cabinet size 7in. x 5in. x 2in. 
approximately. 

Price £39.95 
Please send me further details of your Digital Timer and other 
products in your range. 

Name 

Address 

.W1 

Minim Audio Limited, Lent Rise Road, Burnham, Slough SL 1 
7NY. Tel: Burnham 63724. 

WW- 098 FOR FURTHER DETAILS 
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140p 4019 46p 
74259 250p 4020 100p 

7400 11p 74278 290p 4021 

~=· 74500 48p 74279 nup 4022 
7401 12p . 74283 160p 4023 :,:::, 
7402 12p 74290 150p 4024 
7403 14p 74293 150p 4025 

1=· 7404 14p 7429S 200p 4026 
74504 90p 74365 100p 4027 !lOp 

7405 18p 74366 100p 4028 84p 
7406 32p 74367 100p 4029 100p 

74368 100p 4030 55p 7407 32p 
200p 7408 17p 74390 200p 4031 

7409 11p 74393 200p 4033 190p 
7410 15p 74490 226p 4034 200p 
7411 24p 4035 110p 

74LSSERIES 4036 295p 7412 20p 
7413 30p 74LSOO 14p 4037 111ip 

741.S02 16p 4038 120p 7414 50p 741.S03 18p 74C14 lOp 4039 295p 
7416 27p 741.S04 16p 4040 100p 

741.S05 25p 4041 lOp 7417 27p 741.S08 22p 4042 ICip 7420 17p 
74LS10 20p 4043 lOp 7421 40p 
74LS11 40p 4044 90p 7422 22p 74LS13 40p 4046 110p 7423 34p 74LS14 72p 4047 100p 7425 30p 74LS15 4&p 4048 55p 7426 40p 74LS20 20p 4049 40p 7427 34p 74LS21 40p 4050 48p 7428 38p 38p 7430 17p 74LS27 4051 BOp 
74LS30 20p 4052 80p 7432 30p 

.74LS32 27p 4053 80p 7433 40p 
74LS42 70p 4054 150p 7437 36p 
74LS47 90p 4055 125p 743S 35p 
74LS51 24p 4056 135p 7440 17p 
741..555 :lip 4059 800p 7441 70p 

7442A 80p 74LS73 80p 4060 115p 
74LS74 38p 4063 120p 7443 112p 

7444 112p 74LS75 40p 4066 55p 
74LS76 45p 4067 450p 7445 100p 

7446A 83p 74LS83 110p 4068 22p 
74LS85 100p 4069 20p 7447A 50p 
74LS86 40p 4070 30p 744S lllp 
74LS90 40p 4071 22p 7450 17p 
74LS92 70p 4072 22p 7451 17p 
74LS93 60p 4073 22p 7453 17p 
74LS96 110p 4075 22p 7454 17p 
74LS107 45p 4076 107p 17p 
74LS109 lllp 4081 22p 7470 38p 
74LS112 100p 4082 22p 7472 30p 
74LS113 90p 4086 72p 7473 34p 
74LS114 45p 4089 138p 7474 30p 
74LS122 lllp 4093 ICip 7475 30p 
74LS123 70p 4094 250p 7476 35p 

7480 50p 74LSf24 111lp ' 4095 9lip 
7481 100p 74LS125 60p 4096 95p 

74LS126 60p 4097 340p 7482 84p 
74LS132 95p 4098 107p 7483A 90p 74LS133 30p 4099 200p 7484 100p 74LS136 55p 40100 220p 7485 110p 
74LS138 75p 40101 132p 7486 34p 74LS139 75p 40102 180p 7489 175p 74LS147 220p 40103 180p 7490A 30p 
74LS14B 175p 40104 99p 7491 lllp 74LS151 100p 40106 99p 7492A 4&p 74LS153 60p 40106 80p 7493A 30p 74LS154 200p 40107 80p 7494 84p 

7495A 70p 74LS155 90p 40108 470p 
7496 65p 74LS156 90p 40109 100p 
7497 18Cip 74LS157 80p 40110 300p 

74LS158 90p 40114 250p 74100 130p 
74104 55p 74LS160 130p 4411 1100p 
74105 85p 74LS161 100p 4502 120p 

74LS162 140p 4503 70p 74107 34p 
74109 55p 74LS163 100p 4507 55p 

74LS164 120p 450S 290p 74110 55p 
74LS165 160p 4510 ll8p 74111 70p 
74LS166 18Cip 4511 150p 74116 200p 
74LS173 110p 74118 130p 4514 255p 

74119 210p 74LS174 90p 4515 300p 
74LS175 110p 4516 110p 74120 110p 
74LS181 320p 100p 74121 28p 451S 

74122 48p 74LS190 100p 4520 100p 
74123 48p 74LS191 100p 4526 108p 
74125 55p 74LS192 100p 4527 150p 

74LS193 100p 4528 100p 74126 80p 
74LS195 140p 4538 120p 74128 75p· 
74LS196 120p 4543 111lp 74132 75p 
74LS221 140p 4553 450p 74135 50p 74LS240 175p 4556 72p 74136 75p 
74LS241 175p 4560 250p 74137 50p 
74LS242 170p 4569 250p 74141 50p 74LS243 170p 4572 40p 74142 200p 
74LS244 195p 4583 90p 74145 !lip 
74LS245 250p 4584 !lip 74147 190p 74LS247 140p 4724 250p 7414S 150p 
74LS248 140p 40014 90p 74150 100p 
7 4LS249 140p 40085 200p 74151A 70p 74LS251 140p 40097 90p 74153 70p 74LS253 140p 14411 1100p 74154 100p 
74LS257 120p 14412 1100p 74156 90p 74LS258 160p 1.4433 1100p 74157 70p 
74LS259 180p 14500 100p 74159 190p 
74LS266 100p 14599 290p 74160 100p 74LS273 175p CD22100 350p 74161 100p 
74LS279 90p CD22101 700p 74162 100p 
74LS298 248p CD22102 100p 74163 100p 
7 4LS324 200p 74164 120p 
7 4LS348 200p 74165 130p 
74LS365 100p INTERFACE 74166 120p 

7416.7 200p 74LS367 100p ICa 
74LS368 100p OM8123 175p. 74170 240p 
74LS373 tiCip MC1488 100p 74172 4&0p 
74LS374 195p MC1489 100p 74173 120p 
74LS378 200p 25S10 350p 74174 90p 
74LS390 160p 75107 180p 74175 85p 
74LS393 180p 75150 175p 74176 90p 
74LS445 140p 75154 175p 74177 !lip 
74LS668 100p 75182 230p 74179 180p 
74LS669 100p 75322 3IIOp 74180 83p 
74LS670 400p 76324 376p 741S1 180p 

75325 375p 741S2 90p 4000SERIES 
74184A 150p 4000 15p 

75361 3IIOp 
75363 400p 741S5 150p 4001 17p T5365 350p 74186 500p 4002 17p 75451 72p 74188 325p 

74190 80p 
4006 95p 7549112 96p 
4007 18p 8T26 250p. 74191 90p 400S lllp 8T28 300p 74192 90p 4009 40p 8T95 200p 74193 90p 4010 50p BT97 200p 74194 90p 4011 17p 81LS95 140p 74195 95p 4012 18p B1LS96 140p 74196 91ip 4013 50p 81LS97 140p 74197 lllp 4014 84p 81LS98 140p' 74198 150p 4015 84p 9601 110p 74199 150p 4016 41ip 9602 220p 74200 £10 · 4017 lllp 9603 180p 74221 160p 4018 89p 
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TRANSISTORS BF259 36p TIP29A 40p. 1 OA 40011 200p 93SERIES VEROBOARDS 0_1 0_15 
AC126 25p BFR39 26p TIP29C 55p 2N3055 25A 4001/ 400p 9301 160p (roppe< dad) 
AC127/8 20p BFR40 2!5p TIP30A 48p 2N3442 9302 175p 2.5X3.75" 48p 43p 
AC176 26p BFR41 2!ip T1P30C 80p 2N3553 

. Z£NERS 9308 316p 2.5X5" 57p 51p 
AC187/8 25p BFR79 25p T1P31A 58p 2N3565 

2.7V-33V 9310 275p 3.75X3.75" 57p AF116/7 30p BFRBO 25p T1P31C 62p ZN3584 
400mW 9p 9311 275p 3.75X5" 64p A0149 70p BFR81 26p T1P32A 68p 2N3643/4 
1W 15p 9312 160p 3.75X17" 222p A0161/2 45p BFX29 30p T1P32C 82p 2N3702/3 9314 165p 4.75X17.9" 290p 

AU107 200p BFX30 34p TIP33A 90p 2N3704/5 9316 225p Pktof 100pins 
BC10718 11p BFX84/5 40p T1P33C 114p 2N3706/7 

TRIAC& 9321 226p Spot face cutter 
BC109 11p BFXB617 30p TIP34A 115p 2N370B/9 

PLASTIC 9322 150p Pin insertion tool 
BC117 20p BFX88 30p T1P34C 160p 2N3773 3IIOp DIODES 3A40011 60p 9334 226p Vero Wiring Pen · TlP35A 226p 2N3S19 2!ip BY127 12p 200p BC147/B 9p BFW10 90p 

2N3820 80p 3A500V 65p 9368 + 2 wire BC149 10p BFY50 30p T1P35C 290p BYX36-300 20p 6A40011 70p 9370 200p + rombs BC1571B 10p BFY5112 30p TIP36A 270p 2N3823 70p OA47 9p 6A500V 88p 9374 200p. 
BC159 11p BFY56 33p TIP36C 340p 2N3866 90p OAB1 15p 8A400V 75p BC169C 12p BFY90 90p T1P41A 65p 2N3902 700p OAB5 15p 8A500\/ 95p . UNEAR ICa MM571 820p 

45p TIP41C 78p 2N3903/4 18p OA90 9p 150p BC172 12p BRY39 
2N3905/6 20p 12A400V 85p AYl-0212 800p NE531 

BC177/8 17p BSX19/20 20p TIP42A 70p OA91 9p 12A 50011 105p AY1-1313 668p NE555 25p 
225p · TIP42C 82p 2N4037 65p OA95 9p 320p NE556 70p BC179 18p BU104 

2N4058/9 12p 16A400\I 110p AY1-1320 
BC182/3 10p BU105 190p T1P54 150p OA200 9p 16A 50011 130p AYl-5050 211p NE561B 425p 
BC184 BU10B 250p TlP120 120p 2N4060 12p OA202 10p T2800D 130p AY5-1224A 240p NE562B 425p 11p 

·aU109 225p TIP122 130p 2N406112 18p 1N914 4p AYS-1315 600p NE565 130p BC187 30p 
BU:!05 200p. T1P2955 78p 2N4123/4 27p . 1N916 7p AY5-1317A 775p NE566 15!5p BC212/3 11p 
BU20B 200p T1P4055 70p 2N4125/6 27p 1N4148 4p 'CA3019 lllp NE567 175p BC214 12p 
BU406 145p T1S43 34p 2N4401/3 27p 1N400112 5p CA3046 70p NE571 425p BC237 15p 
E300 50p T1S93 30p 2N4427 90p 

1N400314 lip THYRISTORS CA3048 225p NE585.6N 3IIOp BC327 18p 
E30B 50p ZD<lOB 12p 2N4871 60p 1N4005 tip 1A 501/ 40p CA3080E 72p RC4151 400p BC337 18p 
E310 SOp ZTX300 13p 2N5087 27p 

1N400617 7p • 1A400V 85p CA3086 48p SA01024 

~= · 
8C338 18p 

MJ2501 225p zrxsoo 15p 2N5089 27p 1N540113 14p 3A400\I 90p CA30S9E 225p SFF96364 BC461 36p 
MJ2955 100p ZD<502 18p 2N5172 27p 1N540417 19p SA 60011 140p SN78003N 175p BC477/8 30p 

2N5179 90p' CA3090AQ 375p 
140p BC516/7 50p MJ3001 226p 'zrx504 30p 15920 9p 12A4001/ 160p CA3130E 100p SN76013N 

MJE340 65p 2N457A 250p 2N5191 83p 
16A lOOV 180p CA3140E 50p SN76013NO 120p BC5478 16p 

MJE2955 100p 2N696 35p 2N5194 80p 
16A 400V 18Cip CA3160E 100p SN76023N 14011 BC54SC 9p 

MJE3055 70p 2N697 25p 2N5245 40p 
16A 600V 220p CA3161E 140p SN76023NO 120p 8C549C 18p 

MPF102 45p 2N698 4&p 2N5296 55p 
BT106 110p 4&0p SN76477 250p BC557B 16p 

20p 2N5401 50p CA3162E 
71i0p BC559C 18p MPf103/4 40p 2N706A C106D 45p CA3199E 4liOp SP8515 

2N708A 20p 2N5457 IS 40p TAA621 275p BCY70 18p MPF105/6 40p 
2N5459 40p MCR101. 38p FX209 750p 

SCY7112 22p MPS6531 50p 2N918 4&p 2N3525 120p 10.7106 8liOp TBA641811 225p 
2N930 18p 2N5460 60p 

140p 8013112 50p MPS6534 50p 2N4444 10.8038 340p . TBA651 200p 
54p MPSA06 30p 2N113112 20p 2N5485 44p RECTIFIERS 

2N5060 34p 95p TBABOO 90p S0135/6 
25p· 2N5875 250p lA 50V 19p LF356P 

TBAS10 100p 80139 58p MPSA12 50p 2N1613 
2N6027 48p 1A 100V 20p 2N5064 40p LF358P 75p 

80p MPSA13 50p 2N1711 25p LM10C 4&0p TBA820 90p 80140 
2N2102 70p 2N6247 190p 1A 40011 Z5p 

LM301A 30p TCA940 175J> 80189 80p MPSA20 50p 
2N2160 350p 2N6254 130p lA 60011 30p 

LM311 120p TDA1004 3IIOp BD232 95p MPSA43 50p 
2N2219A 22p 2N6290 65p 2A 50V 30p LM318- 200p TDA1008 320p 80233 75p MPSA56 32p 
2N2222A 22p 2N6292 85p 2A 100V 35p LM319 225p TDA1010 225p SD235 85p MPSA70 50p 
2N2369A 16p 2SC 1172 150p 2A 4001/ 45p LOUD-LM324 70p TDA1022 600p 80241 70p MPSU06 83p 
2N2484 30p 3N128 120p 3A 200V 60p SPEAKERS LM339 75p TDA1024 120p 80242 70p MPSU07 90p 
2N2646 50p 3N140 100p 3A 600V 72p Size LM348 9Sp TOA10348 250p 8DX53B 150p MPSU45 lOp 
2N2904/5 25p 3N141 110p 4A lOOV 95p 2Y211 64R 70p LM377 175p TDA1170 250p SOY 56 200p MPSU65 78p 
2N2906A 24p 3N201 110p 4A 400V 100p 2Yz" SR 70p LM380 75p TDA2002V 325p SF200 32p OC2S 130p 
2N2907A 30p 3N204 100p 6A 50V 60p 2" SR lllp LM3S1AN 160p TDA2020 320p SF244B 35p OC35 130p 
2N2926 9p 40290 250p 6A 100V 100p 1%" BR 80p 38p Tl072 95p SF2568 70p R20088 200p 

40360 40p 6A 40011 120p LM709 
2N3053 27p LM710 50p TL074 150p SF25718 32p . R2010B 200p 

130p LM726 350p Tl084 
MEMORIES LOW PROFILE OIL SOCKETS BY TEXAS LM733 100p Tl170 50p 

120p " 
UART 

LM741 20p UON611S 320p 2102-2L AY-3-1015P 
30p LM747 70p UON6184 320p 21078 500p AY-5-1013P Spin 10p 18 pin 22p 24 pin 

LM748 35p ULN2003 100p 2111-2 225p · IM6402 14pin 11p 20 pin 25p 28 pin 36p 
LM2917 250p XR2206 400p 2112-2 300p TMS6011NC 16pin 12p 22 pin 28p 40pin 48p 
LM3900 70p XR2207 400p 2114 625p 
LM3909 70p XR2211 600p 4027 375p CHARACTl!R 

WIRE WRAP SOCKETS BY TEXAS LM3911 130p XR2216 875p 4044 900p GENERA10RS 
24 pin 90p, LM3914 250p XR2240 400p 4116 900p 3257AOC 990p Spin 3Dp 18pin 70p 

LM4136 120p . ZN414 90p 5101 510p MCM6576 £10 14pin 40p 20 pin 75p 28 pin 110p 
POA 350p 800p 16 pin 55p 22 pin BOp 40pin 140p MC1310P 150p ZN419C 6810 R0-3-2513 U.C. 

55p ZN424E 135p 745201 325p ' R0-3-2513 L.C. 800p MC1458 
ANTEX SOLDERING MC1495L 350p ZN425E 400p 82516 325p SN74S262AN 1350p 

SWITCHES IRONS MC1496 100p ZN1034E 200p ROM/PROMs 
Toggle C-15W 380p MC3340P 120p 95H90 800p 71301 700p KEYBOARD 
SPST 60p CX-17W 400p , MC3360P 120p 11C90 1400p 74S18S 225p ENCODER 

400p 350p £10 SPOT 65p CCN-15W MK50398 750p 74S287 AY-5-2376 
DPDT 70p X25 400p 745387 350p 
DPDT (centre off) 85p SPARE BITS 

REGUlATORS 
745470 650p TRANSFORMERS Fiud Ploatic t0-220 Push to make 15p C/CX/CCN 46p +ve 745471 650p (prim 220/ 24011) 

break 25p X25 SOp . 
lA 

745571 1100p 6{).6 10DmA 88p 5V 7805 70p -ve 
82S137 750p 9.{).9 75mA 92p Push latching SPCO SPARE ELEMENTS 7812 7op· 7905 75p 

60p 180p 
12V 

7912 75p 93427 400p 12.0.12 100mA 95p 
18p C/CX/X25 15V 7815 70p 

650p 0.120 12500mA 280p SUDE DPOT 
CCN 200p 7S18 70p 7915 75p 93436 

ROCKER SPST 28p 18V 
7824 70p 791S 75p 93446 850p 0-25V (5VA) 250p 

WAFER ADCOlA IRONS 24V 
7924 7!ip 93448 1000p 9-0-91A 270!f K1000 550p 

12V2A 350p• 1PI12W 45p 
K2000 550p T0-92 CPUs 

3P/4W 4&p • 100mA 
78L05 30p 79L05 lllp 1600 £12 0-12-15 

4P/3W 45p 5V 
7SL12 30p 79L12 80s- 2650A £20 20.24-30 lA 340p. 

2P16W 45p VEROBOARDS 12V 
7SL15 30p 79L15 ICip 6502 £10 1!>-Q.151A 265p• DIP Breadboard 15V 

6800 900p (Please add 50p p&p charge 4.15 X 6.15 270p OTHER REGULATORS TBA625B 120p 6802 1250p to all marked • atxwe our nor- (Suitable for 20 X 14 pin or LM309K 135p 78HGKC 725p 
8080A 550p IT'al p&p charge). 100KHz 3IIOp 16 X 16pinOILICs)OIP LM317T 200p 78H05KC 625p 
1NS8060 £11 1M Hz 370p Breadboard as above with 1racks LM323K 78MGT2C 135p zso £11 1.008MHz 370p for 31 way connector 340p LM723 7SP05 900p ZSOA £12.50 RESISTORS Higo• 3.276SMHz 350p V .Q Boards tor ICs 105p StabS% E12 3.579545MHz 200p (No track cutting) EPROMS 

Carbon Film -4MHz 350p ORP60 90p 1702A 500p 2N5777 4&p ORP61 90p 2516 3200p S.867237MHz 400p 
CONNECTOR PLUGS· OCP71 130p T1L78 . 70p 2708 900p V.W10R-1M 7p/5pcs 10.7MHz 350p 
31 way Plug 110p ORP12 90p 

2716 £29 one value 18MHz 300p 
31 way Socket 110p OPI'O-ISOLA10RS Y2WlOR-10M 5p/3pcs 26.690MHz 210p 
5-1 00 Busboard £12 IW74 130p TIL111 90p SUPPORT one value 27.145MHz 210p MCT26 100p TIL112 90p DEVICES MCS2400 190p TIL116 90p 3245 400p Miniature Presets 

EDGEBOARD CONNECTORS 0.156" PITCH LEOS 4002 Hor !Vert 1 OOR-1 M 12p 
0 .125" 0.2" 6820 500p Carbon TJaCk Pots 2 X 10 way 85p 2 X 22 way 135p 
TIL32 75p TIL220Red 18p 6821 500p 5K-1 M Log or Lin 2x15way 100p 2x25way 160p 
Tll209Red 13p TIL222 Gr 18p 6850 500p Single 30p 2x 18""Y 120p 
T1L211 Gr 20p .TJL22S Red 22p 8205 320p Single with Switch 80p 
T1L212Ye 25p MV5491 TS 120p 8212 225p Dual 72p 
T1L216 Red 18p Dips 3p 8216 225p SLIDER POTS 60mm Track 

325p DISPlAYS 8224 400p LIN 5K, I OK. 50K, lOOK 
325p NSB5881 570p 8228 525p 60p 

70p 3015F 200p 
11L311 600p 8251 700p LOG lOK 60p 350p DL704 140p 

DL707 Red 140p TIL312/3 110p 8253 1200p 
TIL32112 130p 8255 &&Op 707Gr 140p 
TIL330 140p 8257 1100p 

DATA BOOKS 
Dl.747 Red 225p 

7750/60 200p 8259 1400p 747 Gr 225p 
DRIVERS Z80P10 650p TTL.s, CMOs, Linears. Memories, etc, by Mfrs stocked. FND357 120p 
9638 200p ZBOCTC 650p FNDSOO 120p 
9370 200p MC14411 1100p Please send S.A. E. for details. FN0507 
UON611S 320p MC14412 1100p MAN3640 
UDN6184 320p 

BREADBOARDS PROTOBOARD (RI SOLDERLESS BREAD- 16 KEY KEYPAD £4.00 COMPUTER KITS 
MEMORY MAPPED VDU INTERFACE KIT £4S.OO EXP350 3.6" x 2.1" £3.15 BOARDS (Reed Switches) 

£3.75 (Up to 3 x 14 pin ICs) Socket Strips/Bus Strips/Binding Posts mounted UHF Modulators " 
£66.00 Reed Sw•tches (1 2VA) £0.26 SERIAL 1/P VDU INTERFACE KIT EXP650 3.6" x 2.4" £3.60 on sturdy base plate. 

(Up to 1 x 40 pin I C) PBS 6 x 14 OIL ICs £9.20 LOGIC PROBE £18.00 ELF II MICROCOMPUTER KIT £79.95 
EXP300 6" x ).1" £5.75 PB100 lOx 14 OIL ICs £11.80 MULTI METERS ELF II WIRED AND TESTED £99.95 
(Uto 6 x 14 pin ICs) PB102 12 x 14 DIL ICs £22.95 SUPERTESTER 680R £33.00 GIANT MONITOR BOARD KIT FOR ELF II £35.00 
EXP600 6" x 2.4" £6.30 P8103 24 x 14 OIL ICs £34.45 MICROTEST BOR £17.00 4K STATIC RAM BOARD FOR ELF II £69.44 
(Up to 1 x 40 pin DCs) PB104 32x 14 OIL ICs £45.95 TMK500 £22.00 ASCII KEYBOARD KIT £50.58 

(The above boards are suitable for all OIL ICs.) Pocket multimeter £4.75 (Please add 7 5p p&p to all above items). 
IC TEST CLIPS 

, 14 pin £2.60 24 pin £l.90 
£2.75 40 pin £2.90' 16 pin 

We carry a la;ge stock of 74 and 74LS TTls, CMOS, Linears, Memories, etc. and can normally offer 
ex-stock deliveries. We welcome inquiries for volume quantities both from local_ and overseas buyers. 
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COURSE 525A 

Self-study 
Microcomputer Training Course 

INTEGR4TED 
CDVJPLJrER 
SYSHMS PUBLISHING CO. 

• A uniquely detailed 800-PAGE WORKBOOK/TEXT 

•A FULLY ASSEMBLED and TESTED microcomputer 

•A COMPLETE SYSTEM with keyboard, Display, Audio 
Cassette Interface and Power Supply· 

• Based on the 8080A MICROPROCESSOR 

• Designed to TEACH microcomputer software and 
hardware from fundamentals through advanced concepts 

• Easily EXPANDABLE using the Advanced interface 
Training System Hardware of COMPANION COURSE 
536A 

•THE S-100 BUS COMPATIBILITY (through our c;>ptional 
S-100 Bus Interconnect Board) permits easy addition of 
CRT's, printers, floppy disks, and other peripherals. 

FOR FREE CATALOGUE Please write or call: 

LEATHERHEAD 
(03723) 79211 

ICSP- U.K. 
Pebblecoombe, Tadworth 
Surrey KT20 7PA 
England 

K~A~U A 150 MIXER AMPLIFIER MiniM 
150 WATTS SINE WAVE POWER 

£149.50 
inc. VAT 

Mono, all purpose, reliable, strongly made(%" Ali frame). 
Double anodised facia. Full electronic short circuit protection, 
Six independent inputs: Dual Phono, RIAA, change-over fader for Discos. 
Twin Jack output sockets: 80 150W; 40100W; 160 SOW. (R.M,S.) 

K.A.C. Electronic lnv. Ltd., 20 Priory St., Tonbridge, Kent 
CALL FOR DEM or PHONE (0732) 358109 FOR LEAFLET 

WW- 109 FOR FURTHER DETAILS 

FOR TESTING AMPLIFIER QUALITY 
YOU NEED A SIGNAL WITHOUT DISTORTION 

We do not claim our Model 
AO 146 Signal Generator is 
distortionless. 
However it is so low (.0015%) 
that only the most sophisticated 
Analyser can detect it. 
Developed from a Linsley Hood design 

Spec. Sine wave distortion below .0015% output lv 
rms. Freq. coverage 1Ohz-1OOkHz Coarse and fine 
attenuation into 600 ohms. Square wave 
alternative. 

TELERADIO ELECTRONICS 

£36.00 
Tax extra 1 5% 
P.P. £1.75 

325 FORE STREET, EDMONTON, LONDON N9 OPE 
01-807 3719 Closed Thursdays. S.A.E. for lists . 

WW-097 FOR FURTHER DETAILS 

LET US TURN YOUR-HI-FI ON 
with our DIGITAL TIMER 

The Minim Digital Timer is an accurate 24 hour clock, with the 
facility to switch mains operated equipment ON and OFF at 
independently pre-set times; it can switch appliances up to 1. 5 kW 
-the biggest hi-fi, TV, heaters, lights, etc. It is very easy to set the 
time and lights illuminate to clearly show the settings. Housed in an 
attractive teak veneered cabinet size 7in. x 5in. x 2in. 
approximately. 

Price £39.95 
Please send me further details of your Digital Timer and other 
products in your range. 

Name 

Address 

.W1 

Minim Audio Limited, Lent Rise Road, Burnham, Slough SL 1 
7NY. Tel: Burnham 63724. 

WW- 098 FOR FURTHER DETAILS 
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TEK scope 545A with H plug -in £1 25 ea. 
TEK scope 545A with CA plug-in £175 ea. 
H.P. scope 175A 50MHZ Dual trace £175 ea. 
Single Trace £125 ea. 
WAYNE KERR Universal Bridge CT375 £7S ea. 
MARCONI Wave Analyser TF2330 £500 aa. 
MARCONI Audio Oscillator TF 11 01 20HZ· 200KHZ 

£45 ea. 
MARCONI Valve Voltmeter TF1 041 C . . . £30 ea. 
NOISE GENERATOR CT410- covers audio to VHF 

. . . . . . . . . . . . . . . . . . . £8ea. 
TEK Transistor Curve Tracer £225 
NAGARD Pulse Generator 5002C £50 ea. 
MARCONI Wave Analyser type TF455E . . £50 ea. 
SOLARTRON DVM LM 1420 with AC unit LM 14 7 7 

. ..... ........... . .. . .. . ...... £40ea. 
HONEYWELL 1920 character Upper Case ASCII VDU 
with edit and block mode transmission. Limited quantity. 
With data £2SO ea. 
CALCOMP Drum Plotter type 564 £1,500 
MARCONI GEN TF99 5 (CT 402) £170 
MARCONI Bridge TFB6BB £120 
RANK Flutter Meters £50 ea. 
HEWLEn PACKARD Signal Gen . 60BD £240 
AVOSigna1GeneratorHF135 £120ea. 
MARCONI Magnification Mete.r TF1 245 with TF ~~j~ 

MARCONI Magnification Meter TF1245 with TF124 7 
£175 

VARIAC$- Ex-Equipment. Good condition. B Amps 
£25 ea. 

Others available. Please enquire. 
Carriage all units £4 ea. 

10.Wey Multi-Colour Ribbon Cebl•. N-. 40p per metre. P&P 50p. 
SPEAKERS 2 Y2in. 50 ohm 0.2W. New .Op .. ch. P&P _SOp. 
STEPPING MOTORS 6/12 position with additional where the rotor is 
coils. Devise can be used as a tacho. Diagram supplied. Will actually work 
on 5 volts. 1 2/24 recommended. £1.50 Mch. P&P 75p. ReductiOn for 
quantity. 
RAPID DISCHARGE capacitors 8mfd 4kV. £& •ech. P&P £1 .50. 
GEC UHF 4 button tuner. £2.&0 aech. P&P 85p. 
BIG INCH Motor 1 10V AC 3rpm 50 cycle- very small. &Op eech. 

~~~~R 116V FANS. Brand New 4.5X4.5X1.5in . £4.50 each. 
P&P 75p. 

~~~ ~-~=~1Ei'Di-~M1Eo.f =;~~ l.J~c Heavy duty 2 pole 
c/o with 2 second delay. ChangeR & C for different timing. SOp .. ch. 
P&P 85p. 
CONTACTORS Heavy Duty 24V DC 5 make. £1 •ech. P&P 85p. 
GEC UHF/VHF 6 button tuner. £4.&0eech. P&P £1 . 
DIGITAL Z4 HOUR CLOCK with built-in alarm as used in BRAUN 
Digital clocks. Silent running. Large illuminated numerals. AC mains. 
Size 6%X2%X2'A. ONLY £3.7& Mch. P&P SOp. 
131A PHOTOMULnPLIER in stainless steel container with window 
and built in resistor network. £2 ...,h. P&P £1 . 
SLIDER CO!IITROL &OOK Log Single track . Complete with knob. 
Length 3Yzin. 25pHCh. P&P 25p. 
RANCO 260V 16A THERMOSTATS with Control knobs calibrated 
50-200 degree F. £2.50 HCh. P&P £1. 
SOLID STATE UHF TUNERS 38 mcs. £1 Mc:h. P&P 75p. 
BRAND REX blue wire wrap, 30 metres for £1. P&P 25p. 
&in. SOLID RUBBER RINGS (1 in. -dia. rubber) . Keep the kids (or dog) 
happy. 4 for £1. P&P £1.25. 

TRANSFORMERS 
AUTO Z40V input 1 15V, 1 Amp output. £1 .21Mch. P&P £1 .25. 
240V input Sec 6V 1.66A. Size 2%X2X2in. Good quality. £1.50 
Mch.P&P£1. 
240V Input Sec 12V 0.92A. Size 2%X2X2in. Good quality. £1.50 
Mch.P&P£1. 
240V Input Sec 12V tOOMA. Size SOX 40X 42mm. SOp each. P&P 

~Input Sec 12-0-1 2V 50MA. Size 53 X 45 X 40mm. £1 •ech. P&P 

~~~V Input Sec 23V, 15V, 10V, all at t .6A. Size 3X3Y>X2%in £1 aa. 
P&P £1 . Or 2 for £1.75. P&P £1.50. 
116V Input Sec. 5V 250MA. Size 1 11/t6X t 5/6X 1V2in. 2 for SOp. 
P&P 75p 

Minimum order £3 value of goods. P&P or Carriage and VAT at 15~ on total must be added to all orders. 
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-Spm Monday.to Sa1urday incl. 
BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome. 

SEMICONDUCTORS 
At2puch. 
1 N3063; 1 S44 
At Speech. 
~l~~: :fi

4
4:B; BC157; BC158; BC237; BF197; OA90; OA91; 

tv. Z5p-=h. 
TIP31; TIP41 A; 2N5296; AF139; ZTX341. 
BY127 Hlp; BF181 20p: 80239 40p; BD241 40p: MJE340AT 40p; 
BD222 &Op. 
BD233 & BD234Comp pair 25W- BOp per.,.;ror &Op•ach. 
Regulator TBA625 B to 20V In- 5V out 1 OOMA. T05 Can. 5Qp .. ch. 
BF256C- 20p. 
FND10 7 segment display 0.15in. 40p HCh. 
TV AMPLIFIER TBA12020p uch. 

ln.,.med Cin:uib 

7453 lp 74H74 
745t 5p 74504 
7401 5p 74H51 
7402 12p 74S38 
7476 20p 74S02 
74g5 36p 74SOO 
709 16p \..,, 

12p 74154 
12p 75325 
7p __ SN15862 

10p MC4028 
12p 7417 
1Zp 7441 

MOTOROLA DUAL in Line 6 pin Opto Coupler 30p •ech. Gold plate 
tester version SOp each. 

AMI140-4K RAMS STATIC 5 Volt ceramic.£4 HCh. 

TELEPHONES. 706 style Black or Grey £5.50 Mch. 746 style Black , 
or Grey £7.60 -- Older style Black £2,&0 •ech. Postage £ t each. 

HONEYWEU Humidity Controllers 50p Mch. P&P 40p. 
THYRISTOR TIMERS. Solid State. 1 5 sees adjustable (preset) in 
plastic relay case. Standard 7 pin base. Series delay &Op aac:h. P&P 
B5p. 
MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3-way 1 0p ....... . 
DIGITAL to ANALOGUE CONVERTOR. 8-bit will fit standard TTl 
SIOCket. With data £2.60 each. P&P 25p. 
VARIACS. 2 Amp, Standard 240 Volts £10 ..ch. P&P £1.50. 
ELECTROSTATIC VOLTMETERS. 7.6KV £8 each. P&P £1 . 
Other ranges available- please enquire. 
TRIMMERS. Sub min. 1-4 Spf 8p -h. 

CHIL -r ... EAD L TO 
NORWOOD ROAD. READING TELEPHONE NO. READING 669656 

(2nd turning left past Reading Technical College in King's Road then first right- look on right for door with "Spoked Wheel") 

KELSEY K 102M TRANSFORMER LESS 
BALANCED LINE MICROPHONE AMPLIFIERS 

~·La~IAAA·~••••••r.r.••••~•••••---~•••••• .. ..-••••~••LaaJIIa•i 

" . 
Specifications . 
Direct P.CB. mounting 
Supply Vo~oge 
Maximum Gain 
Goin Control Range 

±15V 
43dB 
38dB 
10dB Gain Reduction in Unbalanced Mode (Input to Terminal +) 

Maximum Input Level (Unbalanced Mode, lnpul to Terminal+) 
Input Impedance (Each Input Terminal to Ground) 

+ 15dBV 
SKohm 

200ohm 
+20dBV 

+ O.SdB Ref. 10Hz to 50 KHz 

Optimum Source Impedance 
Maximum Output 
Frequency Response 
Slew Rote 
Hormonic Distortion 

Common Mode Rejection Ratio 
Equivalent Input Noise (Unweighted) 

Beller than 
Better than 
Typically 
Better than 
Better than 

10 V / microsec 
0.03' o Ref 1KHz 
0.027'o 

80dB 
- 125 dBV(Din/ Audio 

band we1ghted) 
Recommended Output Loading 10 Kohm 
Dimensions 4CJmm x 40mm x 20mm 
Weight 48 groms 

KELSEY ACOUSTICS LTD 28 PO\YIS TERRACE, LONDON Wll. TEL: 01-727 1046 
WW- llO FOR FURTHER DETAILS 

: MAIL ORDER PROTECTION : . 
SCHEME : . 

·(Limited Liability) : 
II you order from mlillirder advertisers in lhia magazine, except lor clusilied adverliaeminta; and pay liy · 
post In allvanca of delivery. Wlr.eless World will consider you lor compensation if the advertiser s~ould 
bec011e insolvent or bnkrupt, provided 
I. You have not recllved the pods or had you 11101ey retuned: llld 
2: You write to tile pullllaber If Wlnlua World explaining tile position aot nrlier than 28 days from the 

day you unt your order and not later tllaa 2 months from thai day. 
Please do not wall until the last 11omMI to hlfonn us. When you write. we will tell you how to make your 
.claim and what evidence of payment Is required. 
Wa guarallee to 111111 clal111s lro111 readers Made In accordance with the above procedure u soon u 
posalble after the advertiser has been declared bankrupt or insolvent up to 1 limit 11 £3.550 
per annum lor any o• lldvertiur so afftcled and up to £10,0110 par annum In respect 11 all insolvent 
IIVIIrtlnrs. Claims may be paid lor higher amounts. or wllan lba above procedure bas not been cemplled 
with, at the dlacratlon of Wiraleas World: bat we de aot 1uarantae to do so in view altha need to sat aeme 
limit 18 Ibis cammltmentand to learn quickly al readers· dilllcullle,. ' 
This guarantee covers anly advance payments seat In direct rupoue to an advertisement ia this 
magazine (no~ lor aumpla, payments made in respoaai'To"'Ciialogues, etc .. received aa a result of 
answering such advertisements. Personal advertisements are excluded. 

~ . 

.. . . . . 
c ..... ·-·· ................................... ·····-····· .................... -~ 

SPECIAL OFFER! 
EXTEL 
Model AF 
MATRIX 
PRINTERS 
featuring:­
* optically coupled RS-232 interface * switched crystal controlled Baud rates * simple twin stepper motor mechanism * compact size * full 8Y2inch paper width * impact prin~ing 

. -~ 

TELETYPE 
Model ASR 33 
featuring:­
* ASCII code * tape reader I punch * 20 rnA current loop interface * reader control * free stand and transformer * fully refurbished 
£345.00 plus VAT 

· * Baudot code suitable for either teleprinter or microprocessor applications * fully tested 
(also available unrefurbished but guaranteed complete at 
£285.00 plus VAT). £150.00 plus VAT 

COMPUTER APPRECIATION, 86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. Tel: Godstone (0883} 
843221 
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]JJt.RETliRN OF POST M-AIL ORQER SERVi~E, ALSO WORLDWIDE EXPO.irr ,SERViCEI 
,BSR DE LUXE AUTOCHANGER 

. . . 

Plays 12", 10" or 7" records, 
Auto or Manual. A high quality 
unit backed by BSR reliability. 

. Stereo Ceramic Cartridge . AC 
200/250V. Size 13Y>·11'.4in. 
3 speeds. Above motor board 
3 3Ain. Below motor board 2Y2in. 
with Ceramic Stereo cartridge. 

HEA AL PLINTHS ONLY 
Cut out for most BSR or Garrard decks. 
Silver grey finish. 

, Model "A" Size 14% >< 12Y> x3in. 

Model "B" Size 16 x 13% x 3in. 
TINTED PLASTIC COVERS ONLY 
Sizes: 14% X 12% X 4'.4in. £3.50. 
15'.4 X 13% X 4in. £4.18 X 13'.4 X 4in . £6. 
17'.4 X 9Y2 X 3'hin. £3. 1B X 12Y2 X 3in. £6. 
14Y2 X 14% X 2Y>in. Rosewoodsides£4. 

for record decks, decks, etc. 

Ideal replace.ment or disco deck 
with cueing device and stereo 
ceramic cartridge. 3 speeds. 
Large t~,~rntable: mode!n design 

TWO-SPEED BUDGET MODEL £15. 

B-S.R. P163 BELT DRIVE 
Manual or automatic play. Two speeds. 
Precision balanced arm. Slide · 
in head: cueing device. 
Bargain pric·e 

£30 Post £1 .60 

Post £1.60 

£3.50 
£4.50 

POTENTIOMETERS 
5k0 to 2MO . LOG or UN. 
l! S 35p. DP 60p. 

1
Stereo LIS 85p. DP 
Edge Pot 5K. SP 

80 Ohm Coax 
FRINGE LOW LOSS 15p yd. 
PLUGS 10p. SOCKETS 10p. 

£1. 
45p. 

LINE SOCKETS 25p 
OUTLET BOXES . SOp 
300 ohm FEEDER 5p yd . 

EMI i 3% x Bin. LOUDSPEAKERS 
"With tweeter and 
crossover. 10 watt , 
3 or 8 ohm . 

£9.95 
Post 75p 

.{Jass woofer only 
B ohm. 15 watt. 

£10.95 
Post 75p 

Bass woofer.oniy . £ 11 9 5 
• 15 ·ohm. 20 watt. • Post 75p 

Suitable Bookshelf Cabinet 
.T.eak finish. For EII/II 13 x B speakers. 
,Size 16 x 11 x B inches approximately. 

THE "I BULK TAPE 
Suitable for cassettes, and all sizes of tape 
reels. A.C. mains 200/250V. Leaflet S.A.E. 
;will aloo demagn~tise small toois . · - £6 
·HIIad Demagnet1seronly £5.00 Post SOp· 

£9.50 
Post £1.60 

RELAYS. 12V DC BSp. 6V DC 85p. 240V AC 95p. 
BLANK ALUMINIUM CHASSIS. 6 x 4-95p; B x 6 -
£1.40; 10 X 7-£1.S5; 12 X B-£1 .70; 14 X 9-£1.90; 16 X 

6-£1.85; 16 x 10-£2.20. ANGLE All. 6 x% x 3f4in-20p • 
ALUMINIUM PANELS. 6 x 4-24p; B x 6-38p; 14 x 
3-40p; 10 X 7-54p; 12 X B-70p; 12 X 5-44p; 16 X 
6:-70p; 14 X 9-94p; 12 X 12-£1; 16 X 10-£1.16. 
PLASTIC AND All BOXES IN STOCK. MANY SIZES 
VARICAP FM TUNER HEAD with circuit & connections . 
Some technical knowledge required £4.95. 
TAG STRIP 2B-way 12p. 
TAPE OSCILLATOR COIL. Valve type, 35p. 

-BRIDGE RECTIFIER 200V PIV 'h amp 50p. B amp £2.50. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT SOp. 
·MANY OTHER TOGGLES IN STOCK. Please enquire. 
PICK-UP CARTRIDGES ACOS, GP91 £2.00. GP94 £2.50. 
SONOTONE 9TAHC Diamond £3.75. V1 00 Magnetic £6.50. 
WIRE-WOUND RESISTORS 5 watt , 10 watt, 1 5 watt 15p. 
CASSET:T'E MOTO.R. 6 volt £1.00. · 

MAINS OPERATED SOLID STATE 
AMlFM STEREO TUNER 

• . 200 I 240V AC Mains. 
F.M./A.M. Stereo Tuner. 

·Covering M.W., A.M. 540-
1605KHz. . 

i V.H.F., F.M . BB-10BMHz. 
· ' Ferrite rod aerial for M.W. 

Full AFC and AGC on A.M. · 
and F.M. Stereo Beacon 

. Indicator. Built-in Pre-amps 
with variable output adjust-
able by pre-set 

control. Max. o/pVoltage 600mV R.M .S. into 20K. Simulated 
Teak finish cabinet. Will match almost any amplifier. Size B'.4in 
wide, 4in . high x 9Y2in. deepapprox. £28 Only Post £1 . 60 

RCS SOUN_D TO LIGHT KIT Mk. 2 £18 
Kot of parts to buold a 3 channel sound to light unit 
1 ,000 watts per channel. Suitable for home or disco. Post 50p 
Ea~y to build. F~ instructions_S!J.P.£1ied. Cabinet £4.50 extra: 
Will operate from 200MV to 1 00 watt signal. . 

RCS .. MINOR" 10 watt AMPLIFIER KIT 
This kit !s suitable for record players, guitars, tape playback, 
electromc InStruments or small PA systems. Two versions 
available: Mono, £12.50; Stereo; £20. Post 45p. Specification 
1 0~ per channel; i~put 1 OO~V; size 9% x 3 x 2in. approx. SAE 
details. Full mstruct1ons .supphed. AC mains powered . 
Input can be modified to suit guitar. 

·R.C.S. STEREO PRE-AMP KI"T.AII parts to build this pre-amp. 
inputs for high, mediurri or low imp per channel. 
With volume control and P.C. Board 
Can be gang~d to make multi-way stereo mixers 

. £2.95 
Post 35p 

MAINS TRANSFORMERS 
250-0-250V 70mA, 6.5V, 2A 
250-0-250V SOmA, 6.3V 3.5A, 6.3V 1 A 

ALL POST 75p . 

300-0-300V 1 OOMA 6.3V 3.5 amp ............ .. . 
350-0-350V SOmA, 6.3V 3.5A. 6.3V 1A . . . . 
300-0-JOOV 120mA, 2X6.3V 2A C.T.; 5V 2A 
220V 45mA, 6.3V 2A ... .. . . . ......... . . 

, HEATER-TRANSFORMER 6.3V 112 amp £2. 3 a·mp 
GENERAL PURPOSE LOW VOLTAGE. Tapped outputs available 
2 amp. 3,4, 5, 6, B. 9, 10, 12, 15, 18, 25 and 30V ..... 
1 amp. 6. 8. 10, 12. 16. 18. 20, 24, 30, 36, 40. 48, 60 
2 amp. 6, 8, 10, 12, 1 6, 18, 20, 24, 30, 36, 40, 48, 60 
3 amp. 6, 8, 10, 12, 16, 1 B, 20, 24, 30, 36, 40, 48, 60 
5amp. 6. 8. )0, 12. 16. 18. 20. 24. 30. 36. 40. 48. 60 
12V, 100mA .. . £1 .30 '2QV, 40V, 60V, 1 amp 

. £3.46. 
£4.60 

• £6.80 
. £&.10 

.. £B.50 
. £1.7& 

£2.20 

£8.00 
£8.00 
£9.50 

12V. 750mA . . . .. £1.60 12V. 3 amp .. .... . . 

£12.50 
£18.00 
£4.00 
£3.50 
£3.60 10-0-10V 2amp . . £.300 10V, 30V, 40V, 2 amp 

30V, 5 amp and 1 7V-O· 1 7V, 40V, 2 amp 
· 2 amp . . . . . . . . . . . . . £4.00 20V, 1 amp ..... 
. 0, 5, B. 10, 16V, '12 amp . £2.60 20V-0-20V. 1 amp 
9V, 3 amp . £3.60 30V-0-30V, 2 amp 

. 25·0·25V 2 amp . . ...• £4.50 2 of 18V, 6 amp, each 
30V, 2 amp £3.60 12-0-1 2V. 2 amp 
30V, 1 Y, amp .... .. £3.30 9V, 14 amp 

£3.50 
£3.00 
£3.60 
£8.00 

.. £11.00 
£3.50' 
£1.50 

AUTO TRANSFORMERS, 1 15V to 230V or 230V to 115V 150W . £7 .00• 
2 SOW ... £B.OO 400W . . £1.tl0 SOOW £10.00 
FULL WAVE BRIDGE CHARGER RECTIFIERS. 
6 or 12V outputs, 2 amp ..... 75p. 4 amp .. .. . £1.25 
CHARGER TRANSFORMERS: 1 y, amp ... .. £3.60. 4 amp.. £8.50. 
12V, 1 V, amp Half Wave Selenium Rectifier 25p 

EXTENSION SPEAKERS £3.95 ea. 
Globe shaped cases in high gloss mouldings of red or green, are 
finished with chrome frontal trim. In addition, 2% metres of twin 

lead already fitted with phono-- , •.. -.., · •. . . . .. . . ·._··· __ ---.._ plug is supplied. • .: 
L WV LTAGE ELECTROLYTIC$ 
1, 2, 4, 5, B, 16, 25, 30, 50,100, 200mF 15V 10p. 
500mF 12V 15p; 25V 20p; 50V 30p; 420mF/500V £1.30. 
1 OOOmF 12V 17p; 25V 35p; 50V 47p; 1 OOV 70p • 
2000mF 6V 25p; 25V 42p; 40V 60p; 1 200mF 76V SOp • 
.2500mF 50V 62p; 3000mF 25V 47p; 50V 65p. 
4500mF 64V £2; 4700mF 63V £1.20. 2700mF!76V £1. 

. 5000mF 35V 85p. 5600mF/76V £1.75. 
HIGH.VOLTAGE ELECTROL YTIC.S 

B/350V 22p B+B/450\/ 50p 50+50/300V SOp 
16/350V 30p 8+16/450V 50p 32+32/450V 75p 
32/500V 75p , 16+16/450V 50p 100+100/~~y 6S_p 

· 50/500V £1.20 32+32/350V 50p 150+200/275V 70p 
MANY OT-HER ELECTROi..YTICS IN STOCK . 

SHORTWAVE 1 OOpf air siiacedgangable tu~er , 95p. 
TRIMMERS 1 OpF, 30pF, 50pF, 5p. 1 OOpF, 150pF, 15p. 
CERAMIC, 1 pF to 0.01 mF, 5p. Silver Mica 2 to 5000pF, 5p. 
PAPER 350V-0.1 7p; 0. 5 13p; 1 mF 1 50V 20p; 2mF 1 50V 
20p; SOOV-0.001 to 0 .0512p; 0 .115p; 0.25 25p; 0.47 35p. 
MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 
SUB-MIN MICRO SWITCH, 25p. Single pole change over. 
TWIN GANG, 3B5 + 3B5pF 80p; 500pF slow motion 75p. 
365 + 365 + 25 + 25pF, Slow motion drive 85p. 120pF SOp. 
TRANSISTOR TWIN GANG, 50p. 
NEON PANEL INDICATORS 250V. Amber or red 30p. 
ILLUMINATED ROCKER SWITCH. single pole. Red 65p. 
RESISTORS. 100 to 10M. 1/•W, '12W, 1W, 20% 2p; 2W, 10p. 
HIGH stability. Y2W 2% 10ohmsto 1 meg .. 12p. 
Ditto 5%. Preferred values 10 ohms to 1 0 meg., 5p. 

ELECTRO MAGNETIC " 
PENDULUM MECHANISM 95p Post 30p. 
1.5V DC operation over 300 hours continuous on SP2 
battery, fully adjustable swing and speed. Ideal displays, 
teaching electro magnetism or metronome, strobe, etc. 

_BAKER-SUPERB £24 
12in 25 Watt . Post £1 .60 

Quality loudspeaker, low co~e res~nance 
ensures clear reproduction of the deepest 
bass. Special copper drive and concentric 

·tweeter cone. Full range reproduction with 
remarkable efficiency in the upper 
register. 
Bass resonance 25 c/s 
Useful response 20-17,000 c/s 
B or 16 ohms models 

BAKER 

'Group 100' 
.D" SPEAKERS. Post £1 . 

'Disco 1 00' 'Disco I 00' 

~66n!u £29 ~ ~6n~~tt £29 . ~ 66n:u £3S 
Bor ·16 ohm 8 or 1 6 ohm B or 16 ohm 

TEAKVEN EDH 
For 13xBin. or Bin. speaker 
For 6Y2in . speaker and tweeter £8.50 Post 75p 
Many other cabinets in stock . Phone your requirements. 
SPEAKER COVERING MATERIALS. Samples.Large SAE. 

CABINET WADDING 1Bin wide 20p ft . 

i[C~S.100 vvan ............... ---= .......... · ~:::::---~ 
VALVE 
AMPLIFIER 
. _CHASSIS 
Four inputs .. Four way mixing, master volume, treble and bass 
controls: Suots all speakers. This professional quality amplifier 
chass1s_ 1s ·suitable for all groups, disco, PA, ·where high quality 
power IS requ1red. 5 speaker outputs. AC mains operated. Slave 
output socket. Produced by demand for a quality valve amplifier. 
1 OOV line output to order £1 0 extra. £

1 
O Send for leaflet. 

Suitable carrying cab £21 Price 5 carr. £6.00 

GOODMANS TWIN AXIOM 8 inch dual cone loudspeaker. a 
ohm, 1 5 watt hi-fi unit £10.50. 
CROSSOVERS. TWO-WAY 3000 cis 3 or B or f5 ohm 
£1.90. 3-way 950 cps/3000 cps, £2.20. 
LOUDSPEAKERS PM 3 OHM 7K4in . £1.50; .6'17in ., £1.95; 
Bx5in., £1.90; Bin., £2.50. 
SPECIAL OFFER: 80 ohm, 2'14in ., 2 3.4in ., 35 ohm, 3in., 
25ohm, 2Y2in ., 3in., 5x3in., 7x4in. , 8ohm, 2Y>in .. 3in. , 3Y>in.; 
Sin., 15 ohm, 3Y2in . dia, 6x4in.. 7x4in .. 5x3in., 
3 ohm, 2Y>in., 2%in., 3'12in., Sin. dia. £1.50 each. 
PHILIPS LOUDSPEAKER, Bin., 4 ohms, 4 watts, £2.50. 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
Bin. diameter 4W £2.50. 1 Oin. diameter 5W £3.50; 
12in. diameter 6W £4.50. 3/B/ 15 ohms, please state . 
MOTOROLA PIEZOELECTRIC HORN TWEETER. £6.50 
Handles up to 100 watts. No crossover required . 
BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia. Sturdy jo_b. Size 6'.4 x 4% x 2in. £1.50 

BAKER 150WATT- • 
PROFESSIONAL 
MIXER AMPLIFIER 
~All purpOse-transistorised .. 
·Ideal for Groups, Disco 1 
and P.A. 4 inputs speech and music. 4 way mixing . 
Output 4 B/ 16 ohms. A . C. Mains . Separate treble and 

· bass controls. Master volume controL 
1 00 volt line model £99 

BAKER 50 WATT 
AMPLIFIER 

£65 Post £1 .60 

£85 £1 .60carr. 

Superior quality ideal for Halls/ PA systems, Disco's and Groups: 
Two inputs with M1xer Volume Controls. Master Bass, Treble and 
Gain Controls. 50 watts RMS. Three loudspeaker outlets 4, 8. 16 
ohm. AC 240V (120V available). Blue wording on black cabinet . 

NSCOMPACT 
12-INCH BASS WOOFER 
Standard 12in. diameter fixing with 
cut s1des 12 x 10 ·. 14.000 Gauss 
magnet. 20 watts R.M.S. 4 ohm 
imp. Bass resonance = 30 c.p.s . 
Frequency response 30-BOOO c.p .s. 

£9._95 each Post 1 . 60 

KS. F TYPE. 
5"x4"x1"95p.6'12"x2"x2 "45p 

JACK PLUGS Mono Plastic 25p; Metal 30p. 
JACK PLUGS Stereo Plastic 30p; Metal 35p. 
JACK SOCKETS Mono Open 20p; Closed 25p. 
JACK SOCKETS Stereo Open 25p; Closed 30p. 
FREE SOCKETS - Cable end 30p. 
2.5mm and 3.Smm JACK SOCKETS 15p. 
2.5mm and 3.5mm JACK PLUGS 15p. 
DIN TYPE CONNECTORS 
Sockets 3-pin, 5-pin 1 Op. Free Sockets 3-pin, 5-pin 25p. 
Plugs 3-pin 20p; 5-pin 25p. 
PHONO PLUGS and SOCKETS ea.10p. 
Free Socket for cable end ea. 1 Sp. 
Screened Phono Plugs_ ea. 15p. 
TV CONVERGENCE POTS 15p each. 
Values= 5, 7, 10, 20, 50, 100,200, 250,470, 2000 ohms. 

'MONO.PRE-AMPLIFIER-:-Malns . operated · 
solid state pre--amplifier unit designed to 
complement amplifiers without low level 
phono and tape input stages. This free- ' • · 
standing cabinet incorporates circuitry for 
automatic RI.A.A. equalisation on magnetic £5 
phone input and N.A.B. equalisation for tape 
heads. Phone sockets for 1nput and output. . Post 50p CA._S~E_nE_MECHANI~~~ Mono head!;, 1)0 m()tor £3,00. 

RADIO COMPONENT SPECIA-LISTS 33~:'~9~!.Eci!~e~~~d~vo:a~:o~~"os~~~~ 
_Radio Books and Componen1s Lists 20p. (Minimum posting charge 30p.) Access or Barclaycard please. Telephone: 01-6841665 for same day despatch. 
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TEK scope 545A with H plug -in £1 25 ea. 
TEK scope 545A with CA plug-in £175 ea. 
H.P. scope 175A 50MHZ Dual trace £175 ea. 
Single Trace £125 ea. 
WAYNE KERR Universal Bridge CT375 £7S ea. 
MARCONI Wave Analyser TF2330 £500 aa. 
MARCONI Audio Oscillator TF 11 01 20HZ· 200KHZ 

£45 ea. 
MARCONI Valve Voltmeter TF1 041 C . . . £30 ea. 
NOISE GENERATOR CT410- covers audio to VHF 

. . . . . . . . . . . . . . . . . . . £8ea. 
TEK Transistor Curve Tracer £225 
NAGARD Pulse Generator 5002C £50 ea. 
MARCONI Wave Analyser type TF455E . . £50 ea. 
SOLARTRON DVM LM 1420 with AC unit LM 14 7 7 

. ..... ........... . .. . .. . ...... £40ea. 
HONEYWELL 1920 character Upper Case ASCII VDU 
with edit and block mode transmission. Limited quantity. 
With data £2SO ea. 
CALCOMP Drum Plotter type 564 £1,500 
MARCONI GEN TF99 5 (CT 402) £170 
MARCONI Bridge TFB6BB £120 
RANK Flutter Meters £50 ea. 
HEWLEn PACKARD Signal Gen . 60BD £240 
AVOSigna1GeneratorHF135 £120ea. 
MARCONI Magnification Mete.r TF1 245 with TF ~~j~ 

MARCONI Magnification Meter TF1245 with TF124 7 
£175 

VARIAC$- Ex-Equipment. Good condition. B Amps 
£25 ea. 

Others available. Please enquire. 
Carriage all units £4 ea. 

10.Wey Multi-Colour Ribbon Cebl•. N-. 40p per metre. P&P 50p. 
SPEAKERS 2 Y2in. 50 ohm 0.2W. New .Op .. ch. P&P _SOp. 
STEPPING MOTORS 6/12 position with additional where the rotor is 
coils. Devise can be used as a tacho. Diagram supplied. Will actually work 
on 5 volts. 1 2/24 recommended. £1.50 Mch. P&P 75p. ReductiOn for 
quantity. 
RAPID DISCHARGE capacitors 8mfd 4kV. £& •ech. P&P £1 .50. 
GEC UHF 4 button tuner. £2.&0 aech. P&P 85p. 
BIG INCH Motor 1 10V AC 3rpm 50 cycle- very small. &Op eech. 

~~~~R 116V FANS. Brand New 4.5X4.5X1.5in . £4.50 each. 
P&P 75p. 

~~~ ~-~=~1Ei'Di-~M1Eo.f =;~~ l.J~c Heavy duty 2 pole 
c/o with 2 second delay. ChangeR & C for different timing. SOp .. ch. 
P&P 85p. 
CONTACTORS Heavy Duty 24V DC 5 make. £1 •ech. P&P 85p. 
GEC UHF/VHF 6 button tuner. £4.&0eech. P&P £1 . 
DIGITAL Z4 HOUR CLOCK with built-in alarm as used in BRAUN 
Digital clocks. Silent running. Large illuminated numerals. AC mains. 
Size 6%X2%X2'A. ONLY £3.7& Mch. P&P SOp. 
131A PHOTOMULnPLIER in stainless steel container with window 
and built in resistor network. £2 ...,h. P&P £1 . 
SLIDER CO!IITROL &OOK Log Single track . Complete with knob. 
Length 3Yzin. 25pHCh. P&P 25p. 
RANCO 260V 16A THERMOSTATS with Control knobs calibrated 
50-200 degree F. £2.50 HCh. P&P £1. 
SOLID STATE UHF TUNERS 38 mcs. £1 Mc:h. P&P 75p. 
BRAND REX blue wire wrap, 30 metres for £1. P&P 25p. 
&in. SOLID RUBBER RINGS (1 in. -dia. rubber) . Keep the kids (or dog) 
happy. 4 for £1. P&P £1.25. 

TRANSFORMERS 
AUTO Z40V input 1 15V, 1 Amp output. £1 .21Mch. P&P £1 .25. 
240V input Sec 6V 1.66A. Size 2%X2X2in. Good quality. £1.50 
Mch.P&P£1. 
240V Input Sec 12V 0.92A. Size 2%X2X2in. Good quality. £1.50 
Mch.P&P£1. 
240V Input Sec 12V tOOMA. Size SOX 40X 42mm. SOp each. P&P 

~Input Sec 12-0-1 2V 50MA. Size 53 X 45 X 40mm. £1 •ech. P&P 

~~~V Input Sec 23V, 15V, 10V, all at t .6A. Size 3X3Y>X2%in £1 aa. 
P&P £1 . Or 2 for £1.75. P&P £1.50. 
116V Input Sec. 5V 250MA. Size 1 11/t6X t 5/6X 1V2in. 2 for SOp. 
P&P 75p 

Minimum order £3 value of goods. P&P or Carriage and VAT at 15~ on total must be added to all orders. 
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-Spm Monday.to Sa1urday incl. 
BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome. 

SEMICONDUCTORS 
At2puch. 
1 N3063; 1 S44 
At Speech. 
~l~~: :fi

4
4:B; BC157; BC158; BC237; BF197; OA90; OA91; 

tv. Z5p-=h. 
TIP31; TIP41 A; 2N5296; AF139; ZTX341. 
BY127 Hlp; BF181 20p: 80239 40p; BD241 40p: MJE340AT 40p; 
BD222 &Op. 
BD233 & BD234Comp pair 25W- BOp per.,.;ror &Op•ach. 
Regulator TBA625 B to 20V In- 5V out 1 OOMA. T05 Can. 5Qp .. ch. 
BF256C- 20p. 
FND10 7 segment display 0.15in. 40p HCh. 
TV AMPLIFIER TBA12020p uch. 

ln.,.med Cin:uib 

7453 lp 74H74 
745t 5p 74504 
7401 5p 74H51 
7402 12p 74S38 
7476 20p 74S02 
74g5 36p 74SOO 
709 16p \..,, 

12p 74154 
12p 75325 
7p __ SN15862 

10p MC4028 
12p 7417 
1Zp 7441 

MOTOROLA DUAL in Line 6 pin Opto Coupler 30p •ech. Gold plate 
tester version SOp each. 

AMI140-4K RAMS STATIC 5 Volt ceramic.£4 HCh. 

TELEPHONES. 706 style Black or Grey £5.50 Mch. 746 style Black , 
or Grey £7.60 -- Older style Black £2,&0 •ech. Postage £ t each. 

HONEYWEU Humidity Controllers 50p Mch. P&P 40p. 
THYRISTOR TIMERS. Solid State. 1 5 sees adjustable (preset) in 
plastic relay case. Standard 7 pin base. Series delay &Op aac:h. P&P 
B5p. 
MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3-way 1 0p ....... . 
DIGITAL to ANALOGUE CONVERTOR. 8-bit will fit standard TTl 
SIOCket. With data £2.60 each. P&P 25p. 
VARIACS. 2 Amp, Standard 240 Volts £10 ..ch. P&P £1.50. 
ELECTROSTATIC VOLTMETERS. 7.6KV £8 each. P&P £1 . 
Other ranges available- please enquire. 
TRIMMERS. Sub min. 1-4 Spf 8p -h. 

CHIL -r ... EAD L TO 
NORWOOD ROAD. READING TELEPHONE NO. READING 669656 

(2nd turning left past Reading Technical College in King's Road then first right- look on right for door with "Spoked Wheel") 

KELSEY K 102M TRANSFORMER LESS 
BALANCED LINE MICROPHONE AMPLIFIERS 

~·La~IAAA·~••••••r.r.••••~•••••---~•••••• .. ..-••••~••LaaJIIa•i 

" . 
Specifications . 
Direct P.CB. mounting 
Supply Vo~oge 
Maximum Gain 
Goin Control Range 

±15V 
43dB 
38dB 
10dB Gain Reduction in Unbalanced Mode (Input to Terminal +) 

Maximum Input Level (Unbalanced Mode, lnpul to Terminal+) 
Input Impedance (Each Input Terminal to Ground) 

+ 15dBV 
SKohm 

200ohm 
+20dBV 

+ O.SdB Ref. 10Hz to 50 KHz 

Optimum Source Impedance 
Maximum Output 
Frequency Response 
Slew Rote 
Hormonic Distortion 

Common Mode Rejection Ratio 
Equivalent Input Noise (Unweighted) 

Beller than 
Better than 
Typically 
Better than 
Better than 

10 V / microsec 
0.03' o Ref 1KHz 
0.027'o 

80dB 
- 125 dBV(Din/ Audio 

band we1ghted) 
Recommended Output Loading 10 Kohm 
Dimensions 4CJmm x 40mm x 20mm 
Weight 48 groms 

KELSEY ACOUSTICS LTD 28 PO\YIS TERRACE, LONDON Wll. TEL: 01-727 1046 
WW- llO FOR FURTHER DETAILS 

: MAIL ORDER PROTECTION : . 
SCHEME : . 

·(Limited Liability) : 
II you order from mlillirder advertisers in lhia magazine, except lor clusilied adverliaeminta; and pay liy · 
post In allvanca of delivery. Wlr.eless World will consider you lor compensation if the advertiser s~ould 
bec011e insolvent or bnkrupt, provided 
I. You have not recllved the pods or had you 11101ey retuned: llld 
2: You write to tile pullllaber If Wlnlua World explaining tile position aot nrlier than 28 days from the 

day you unt your order and not later tllaa 2 months from thai day. 
Please do not wall until the last 11omMI to hlfonn us. When you write. we will tell you how to make your 
.claim and what evidence of payment Is required. 
Wa guarallee to 111111 clal111s lro111 readers Made In accordance with the above procedure u soon u 
posalble after the advertiser has been declared bankrupt or insolvent up to 1 limit 11 £3.550 
per annum lor any o• lldvertiur so afftcled and up to £10,0110 par annum In respect 11 all insolvent 
IIVIIrtlnrs. Claims may be paid lor higher amounts. or wllan lba above procedure bas not been cemplled 
with, at the dlacratlon of Wiraleas World: bat we de aot 1uarantae to do so in view altha need to sat aeme 
limit 18 Ibis cammltmentand to learn quickly al readers· dilllcullle,. ' 
This guarantee covers anly advance payments seat In direct rupoue to an advertisement ia this 
magazine (no~ lor aumpla, payments made in respoaai'To"'Ciialogues, etc .. received aa a result of 
answering such advertisements. Personal advertisements are excluded. 

~ . 

.. . . . . 
c ..... ·-·· ................................... ·····-····· .................... -~ 

SPECIAL OFFER! 
EXTEL 
Model AF 
MATRIX 
PRINTERS 
featuring:­
* optically coupled RS-232 interface * switched crystal controlled Baud rates * simple twin stepper motor mechanism * compact size * full 8Y2inch paper width * impact prin~ing 

. -~ 

TELETYPE 
Model ASR 33 
featuring:­
* ASCII code * tape reader I punch * 20 rnA current loop interface * reader control * free stand and transformer * fully refurbished 
£345.00 plus VAT 

· * Baudot code suitable for either teleprinter or microprocessor applications * fully tested 
(also available unrefurbished but guaranteed complete at 
£285.00 plus VAT). £150.00 plus VAT 

COMPUTER APPRECIATION, 86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. Tel: Godstone (0883} 
843221 
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]JJt.RETliRN OF POST M-AIL ORQER SERVi~E, ALSO WORLDWIDE EXPO.irr ,SERViCEI 
,BSR DE LUXE AUTOCHANGER 

. . . 

Plays 12", 10" or 7" records, 
Auto or Manual. A high quality 
unit backed by BSR reliability. 

. Stereo Ceramic Cartridge . AC 
200/250V. Size 13Y>·11'.4in. 
3 speeds. Above motor board 
3 3Ain. Below motor board 2Y2in. 
with Ceramic Stereo cartridge. 

HEA AL PLINTHS ONLY 
Cut out for most BSR or Garrard decks. 
Silver grey finish. 

, Model "A" Size 14% >< 12Y> x3in. 

Model "B" Size 16 x 13% x 3in. 
TINTED PLASTIC COVERS ONLY 
Sizes: 14% X 12% X 4'.4in. £3.50. 
15'.4 X 13% X 4in. £4.18 X 13'.4 X 4in . £6. 
17'.4 X 9Y2 X 3'hin. £3. 1B X 12Y2 X 3in. £6. 
14Y2 X 14% X 2Y>in. Rosewoodsides£4. 

for record decks, decks, etc. 

Ideal replace.ment or disco deck 
with cueing device and stereo 
ceramic cartridge. 3 speeds. 
Large t~,~rntable: mode!n design 

TWO-SPEED BUDGET MODEL £15. 

B-S.R. P163 BELT DRIVE 
Manual or automatic play. Two speeds. 
Precision balanced arm. Slide · 
in head: cueing device. 
Bargain pric·e 

£30 Post £1 .60 

Post £1.60 

£3.50 
£4.50 

POTENTIOMETERS 
5k0 to 2MO . LOG or UN. 
l! S 35p. DP 60p. 

1
Stereo LIS 85p. DP 
Edge Pot 5K. SP 

80 Ohm Coax 
FRINGE LOW LOSS 15p yd. 
PLUGS 10p. SOCKETS 10p. 

£1. 
45p. 

LINE SOCKETS 25p 
OUTLET BOXES . SOp 
300 ohm FEEDER 5p yd . 

EMI i 3% x Bin. LOUDSPEAKERS 
"With tweeter and 
crossover. 10 watt , 
3 or 8 ohm . 

£9.95 
Post 75p 

.{Jass woofer only 
B ohm. 15 watt. 

£10.95 
Post 75p 

Bass woofer.oniy . £ 11 9 5 
• 15 ·ohm. 20 watt. • Post 75p 

Suitable Bookshelf Cabinet 
.T.eak finish. For EII/II 13 x B speakers. 
,Size 16 x 11 x B inches approximately. 

THE "I BULK TAPE 
Suitable for cassettes, and all sizes of tape 
reels. A.C. mains 200/250V. Leaflet S.A.E. 
;will aloo demagn~tise small toois . · - £6 
·HIIad Demagnet1seronly £5.00 Post SOp· 

£9.50 
Post £1.60 

RELAYS. 12V DC BSp. 6V DC 85p. 240V AC 95p. 
BLANK ALUMINIUM CHASSIS. 6 x 4-95p; B x 6 -
£1.40; 10 X 7-£1.S5; 12 X B-£1 .70; 14 X 9-£1.90; 16 X 

6-£1.85; 16 x 10-£2.20. ANGLE All. 6 x% x 3f4in-20p • 
ALUMINIUM PANELS. 6 x 4-24p; B x 6-38p; 14 x 
3-40p; 10 X 7-54p; 12 X B-70p; 12 X 5-44p; 16 X 
6:-70p; 14 X 9-94p; 12 X 12-£1; 16 X 10-£1.16. 
PLASTIC AND All BOXES IN STOCK. MANY SIZES 
VARICAP FM TUNER HEAD with circuit & connections . 
Some technical knowledge required £4.95. 
TAG STRIP 2B-way 12p. 
TAPE OSCILLATOR COIL. Valve type, 35p. 

-BRIDGE RECTIFIER 200V PIV 'h amp 50p. B amp £2.50. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT SOp. 
·MANY OTHER TOGGLES IN STOCK. Please enquire. 
PICK-UP CARTRIDGES ACOS, GP91 £2.00. GP94 £2.50. 
SONOTONE 9TAHC Diamond £3.75. V1 00 Magnetic £6.50. 
WIRE-WOUND RESISTORS 5 watt , 10 watt, 1 5 watt 15p. 
CASSET:T'E MOTO.R. 6 volt £1.00. · 

MAINS OPERATED SOLID STATE 
AMlFM STEREO TUNER 

• . 200 I 240V AC Mains. 
F.M./A.M. Stereo Tuner. 

·Covering M.W., A.M. 540-
1605KHz. . 

i V.H.F., F.M . BB-10BMHz. 
· ' Ferrite rod aerial for M.W. 

Full AFC and AGC on A.M. · 
and F.M. Stereo Beacon 

. Indicator. Built-in Pre-amps 
with variable output adjust-
able by pre-set 

control. Max. o/pVoltage 600mV R.M .S. into 20K. Simulated 
Teak finish cabinet. Will match almost any amplifier. Size B'.4in 
wide, 4in . high x 9Y2in. deepapprox. £28 Only Post £1 . 60 

RCS SOUN_D TO LIGHT KIT Mk. 2 £18 
Kot of parts to buold a 3 channel sound to light unit 
1 ,000 watts per channel. Suitable for home or disco. Post 50p 
Ea~y to build. F~ instructions_S!J.P.£1ied. Cabinet £4.50 extra: 
Will operate from 200MV to 1 00 watt signal. . 

RCS .. MINOR" 10 watt AMPLIFIER KIT 
This kit !s suitable for record players, guitars, tape playback, 
electromc InStruments or small PA systems. Two versions 
available: Mono, £12.50; Stereo; £20. Post 45p. Specification 
1 0~ per channel; i~put 1 OO~V; size 9% x 3 x 2in. approx. SAE 
details. Full mstruct1ons .supphed. AC mains powered . 
Input can be modified to suit guitar. 

·R.C.S. STEREO PRE-AMP KI"T.AII parts to build this pre-amp. 
inputs for high, mediurri or low imp per channel. 
With volume control and P.C. Board 
Can be gang~d to make multi-way stereo mixers 

. £2.95 
Post 35p 

MAINS TRANSFORMERS 
250-0-250V 70mA, 6.5V, 2A 
250-0-250V SOmA, 6.3V 3.5A, 6.3V 1 A 

ALL POST 75p . 

300-0-300V 1 OOMA 6.3V 3.5 amp ............ .. . 
350-0-350V SOmA, 6.3V 3.5A. 6.3V 1A . . . . 
300-0-JOOV 120mA, 2X6.3V 2A C.T.; 5V 2A 
220V 45mA, 6.3V 2A ... .. . . . ......... . . 

, HEATER-TRANSFORMER 6.3V 112 amp £2. 3 a·mp 
GENERAL PURPOSE LOW VOLTAGE. Tapped outputs available 
2 amp. 3,4, 5, 6, B. 9, 10, 12, 15, 18, 25 and 30V ..... 
1 amp. 6. 8. 10, 12. 16. 18. 20, 24, 30, 36, 40. 48, 60 
2 amp. 6, 8, 10, 12, 1 6, 18, 20, 24, 30, 36, 40, 48, 60 
3 amp. 6, 8, 10, 12, 16, 1 B, 20, 24, 30, 36, 40, 48, 60 
5amp. 6. 8. )0, 12. 16. 18. 20. 24. 30. 36. 40. 48. 60 
12V, 100mA .. . £1 .30 '2QV, 40V, 60V, 1 amp 

. £3.46. 
£4.60 

• £6.80 
. £&.10 

.. £B.50 
. £1.7& 

£2.20 

£8.00 
£8.00 
£9.50 

12V. 750mA . . . .. £1.60 12V. 3 amp .. .... . . 

£12.50 
£18.00 
£4.00 
£3.50 
£3.60 10-0-10V 2amp . . £.300 10V, 30V, 40V, 2 amp 

30V, 5 amp and 1 7V-O· 1 7V, 40V, 2 amp 
· 2 amp . . . . . . . . . . . . . £4.00 20V, 1 amp ..... 
. 0, 5, B. 10, 16V, '12 amp . £2.60 20V-0-20V. 1 amp 
9V, 3 amp . £3.60 30V-0-30V, 2 amp 

. 25·0·25V 2 amp . . ...• £4.50 2 of 18V, 6 amp, each 
30V, 2 amp £3.60 12-0-1 2V. 2 amp 
30V, 1 Y, amp .... .. £3.30 9V, 14 amp 

£3.50 
£3.00 
£3.60 
£8.00 

.. £11.00 
£3.50' 
£1.50 

AUTO TRANSFORMERS, 1 15V to 230V or 230V to 115V 150W . £7 .00• 
2 SOW ... £B.OO 400W . . £1.tl0 SOOW £10.00 
FULL WAVE BRIDGE CHARGER RECTIFIERS. 
6 or 12V outputs, 2 amp ..... 75p. 4 amp .. .. . £1.25 
CHARGER TRANSFORMERS: 1 y, amp ... .. £3.60. 4 amp.. £8.50. 
12V, 1 V, amp Half Wave Selenium Rectifier 25p 

EXTENSION SPEAKERS £3.95 ea. 
Globe shaped cases in high gloss mouldings of red or green, are 
finished with chrome frontal trim. In addition, 2% metres of twin 

lead already fitted with phono-- , •.. -.., · •. . . . .. . . ·._··· __ ---.._ plug is supplied. • .: 
L WV LTAGE ELECTROLYTIC$ 
1, 2, 4, 5, B, 16, 25, 30, 50,100, 200mF 15V 10p. 
500mF 12V 15p; 25V 20p; 50V 30p; 420mF/500V £1.30. 
1 OOOmF 12V 17p; 25V 35p; 50V 47p; 1 OOV 70p • 
2000mF 6V 25p; 25V 42p; 40V 60p; 1 200mF 76V SOp • 
.2500mF 50V 62p; 3000mF 25V 47p; 50V 65p. 
4500mF 64V £2; 4700mF 63V £1.20. 2700mF!76V £1. 

. 5000mF 35V 85p. 5600mF/76V £1.75. 
HIGH.VOLTAGE ELECTROL YTIC.S 

B/350V 22p B+B/450\/ 50p 50+50/300V SOp 
16/350V 30p 8+16/450V 50p 32+32/450V 75p 
32/500V 75p , 16+16/450V 50p 100+100/~~y 6S_p 

· 50/500V £1.20 32+32/350V 50p 150+200/275V 70p 
MANY OT-HER ELECTROi..YTICS IN STOCK . 

SHORTWAVE 1 OOpf air siiacedgangable tu~er , 95p. 
TRIMMERS 1 OpF, 30pF, 50pF, 5p. 1 OOpF, 150pF, 15p. 
CERAMIC, 1 pF to 0.01 mF, 5p. Silver Mica 2 to 5000pF, 5p. 
PAPER 350V-0.1 7p; 0. 5 13p; 1 mF 1 50V 20p; 2mF 1 50V 
20p; SOOV-0.001 to 0 .0512p; 0 .115p; 0.25 25p; 0.47 35p. 
MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 
SUB-MIN MICRO SWITCH, 25p. Single pole change over. 
TWIN GANG, 3B5 + 3B5pF 80p; 500pF slow motion 75p. 
365 + 365 + 25 + 25pF, Slow motion drive 85p. 120pF SOp. 
TRANSISTOR TWIN GANG, 50p. 
NEON PANEL INDICATORS 250V. Amber or red 30p. 
ILLUMINATED ROCKER SWITCH. single pole. Red 65p. 
RESISTORS. 100 to 10M. 1/•W, '12W, 1W, 20% 2p; 2W, 10p. 
HIGH stability. Y2W 2% 10ohmsto 1 meg .. 12p. 
Ditto 5%. Preferred values 10 ohms to 1 0 meg., 5p. 

ELECTRO MAGNETIC " 
PENDULUM MECHANISM 95p Post 30p. 
1.5V DC operation over 300 hours continuous on SP2 
battery, fully adjustable swing and speed. Ideal displays, 
teaching electro magnetism or metronome, strobe, etc. 

_BAKER-SUPERB £24 
12in 25 Watt . Post £1 .60 

Quality loudspeaker, low co~e res~nance 
ensures clear reproduction of the deepest 
bass. Special copper drive and concentric 

·tweeter cone. Full range reproduction with 
remarkable efficiency in the upper 
register. 
Bass resonance 25 c/s 
Useful response 20-17,000 c/s 
B or 16 ohms models 

BAKER 

'Group 100' 
.D" SPEAKERS. Post £1 . 

'Disco 1 00' 'Disco I 00' 

~66n!u £29 ~ ~6n~~tt £29 . ~ 66n:u £3S 
Bor ·16 ohm 8 or 1 6 ohm B or 16 ohm 

TEAKVEN EDH 
For 13xBin. or Bin. speaker 
For 6Y2in . speaker and tweeter £8.50 Post 75p 
Many other cabinets in stock . Phone your requirements. 
SPEAKER COVERING MATERIALS. Samples.Large SAE. 

CABINET WADDING 1Bin wide 20p ft . 

i[C~S.100 vvan ............... ---= .......... · ~:::::---~ 
VALVE 
AMPLIFIER 
. _CHASSIS 
Four inputs .. Four way mixing, master volume, treble and bass 
controls: Suots all speakers. This professional quality amplifier 
chass1s_ 1s ·suitable for all groups, disco, PA, ·where high quality 
power IS requ1red. 5 speaker outputs. AC mains operated. Slave 
output socket. Produced by demand for a quality valve amplifier. 
1 OOV line output to order £1 0 extra. £

1 
O Send for leaflet. 

Suitable carrying cab £21 Price 5 carr. £6.00 

GOODMANS TWIN AXIOM 8 inch dual cone loudspeaker. a 
ohm, 1 5 watt hi-fi unit £10.50. 
CROSSOVERS. TWO-WAY 3000 cis 3 or B or f5 ohm 
£1.90. 3-way 950 cps/3000 cps, £2.20. 
LOUDSPEAKERS PM 3 OHM 7K4in . £1.50; .6'17in ., £1.95; 
Bx5in., £1.90; Bin., £2.50. 
SPECIAL OFFER: 80 ohm, 2'14in ., 2 3.4in ., 35 ohm, 3in., 
25ohm, 2Y2in ., 3in., 5x3in., 7x4in. , 8ohm, 2Y>in .. 3in. , 3Y>in.; 
Sin., 15 ohm, 3Y2in . dia, 6x4in.. 7x4in .. 5x3in., 
3 ohm, 2Y>in., 2%in., 3'12in., Sin. dia. £1.50 each. 
PHILIPS LOUDSPEAKER, Bin., 4 ohms, 4 watts, £2.50. 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
Bin. diameter 4W £2.50. 1 Oin. diameter 5W £3.50; 
12in. diameter 6W £4.50. 3/B/ 15 ohms, please state . 
MOTOROLA PIEZOELECTRIC HORN TWEETER. £6.50 
Handles up to 100 watts. No crossover required . 
BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia. Sturdy jo_b. Size 6'.4 x 4% x 2in. £1.50 

BAKER 150WATT- • 
PROFESSIONAL 
MIXER AMPLIFIER 
~All purpOse-transistorised .. 
·Ideal for Groups, Disco 1 
and P.A. 4 inputs speech and music. 4 way mixing . 
Output 4 B/ 16 ohms. A . C. Mains . Separate treble and 

· bass controls. Master volume controL 
1 00 volt line model £99 

BAKER 50 WATT 
AMPLIFIER 

£65 Post £1 .60 

£85 £1 .60carr. 

Superior quality ideal for Halls/ PA systems, Disco's and Groups: 
Two inputs with M1xer Volume Controls. Master Bass, Treble and 
Gain Controls. 50 watts RMS. Three loudspeaker outlets 4, 8. 16 
ohm. AC 240V (120V available). Blue wording on black cabinet . 

NSCOMPACT 
12-INCH BASS WOOFER 
Standard 12in. diameter fixing with 
cut s1des 12 x 10 ·. 14.000 Gauss 
magnet. 20 watts R.M.S. 4 ohm 
imp. Bass resonance = 30 c.p.s . 
Frequency response 30-BOOO c.p .s. 

£9._95 each Post 1 . 60 

KS. F TYPE. 
5"x4"x1"95p.6'12"x2"x2 "45p 

JACK PLUGS Mono Plastic 25p; Metal 30p. 
JACK PLUGS Stereo Plastic 30p; Metal 35p. 
JACK SOCKETS Mono Open 20p; Closed 25p. 
JACK SOCKETS Stereo Open 25p; Closed 30p. 
FREE SOCKETS - Cable end 30p. 
2.5mm and 3.Smm JACK SOCKETS 15p. 
2.5mm and 3.5mm JACK PLUGS 15p. 
DIN TYPE CONNECTORS 
Sockets 3-pin, 5-pin 1 Op. Free Sockets 3-pin, 5-pin 25p. 
Plugs 3-pin 20p; 5-pin 25p. 
PHONO PLUGS and SOCKETS ea.10p. 
Free Socket for cable end ea. 1 Sp. 
Screened Phono Plugs_ ea. 15p. 
TV CONVERGENCE POTS 15p each. 
Values= 5, 7, 10, 20, 50, 100,200, 250,470, 2000 ohms. 

'MONO.PRE-AMPLIFIER-:-Malns . operated · 
solid state pre--amplifier unit designed to 
complement amplifiers without low level 
phono and tape input stages. This free- ' • · 
standing cabinet incorporates circuitry for 
automatic RI.A.A. equalisation on magnetic £5 
phone input and N.A.B. equalisation for tape 
heads. Phone sockets for 1nput and output. . Post 50p CA._S~E_nE_MECHANI~~~ Mono head!;, 1)0 m()tor £3,00. 

RADIO COMPONENT SPECIA-LISTS 33~:'~9~!.Eci!~e~~~d~vo:a~:o~~"os~~~~ 
_Radio Books and Componen1s Lists 20p. (Minimum posting charge 30p.) Access or Barclaycard please. Telephone: 01-6841665 for same day despatch. 
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You can visit this important exhibition at half the 1 

normal cost-just another benefit of being a reader 
of Wireless World. Tickets normally cost £2-yet 
you only pay £1! Electronics '79 is the showcase of 
the year's new product developments and a vital 
occasion for key executives and engineers from 
communications, science, industry, education, data 
handling, navigation, aerospace .. . See the latest 
in microprocessors, bubble memories, semi­
conductors. Look and learn at a fascinating series of 
ECIF seminars under the general title: "Components of 

· Assessed Quality-The Contribution of the UK Industry:· 
Details of the seminars are available from ECI F, 

7/8 Saville Row, London W.1. 

E

. XH\B\1"\0N F',4.SEM\NAR~I...-Sponsored by the Electronic Components Industry Federation. 
~ Offer applies to UK only. r---------------------, I To: Wireless World Ticket Offer, Print Services Department, I 

ELECTRONIC COMPONENTS 
INDUSTRY FAIR 
20·23 NOVEMBER 1979 
OLYMPIA LONDON 

I 
Electronics '79 Industrial & Trade Fairs Ltd ., Radcliffe House, I 
Blenheim Court, Soli hull, West Midlands. 

I Please send me ........ ticketls for Electronics 79 (state quantity). I 
1 I enclose cheque/p.o. for £ ....... . payable to 1 
I Industrial & Trade Fairs Ltd. I 
I NAME. ........... ...... .... .. ..... ... ..... .......... .. I 
I ~6e~~~~~~.~~ ... ... . .............. .......... ......... I 
I I I . ... .... .. ......... .. ....... .. ............ .. ... I 
I ............. .... ····· ·· ···· ......... ·.. I 
1 Registered in England No. 783151. WW 1 

Regd. Office : Radcliffe House, Blenheim Court. Soli hull. West Midlands. .J ---------------------------------L---------~-----------
I 

ELECTRO-TECH COMPONENTS LTD. 
364 EDGWARE ROAD, LONDON, W .2 . TEL: 01-723 5667 

TE20D R.F. SIGNAL GENERATOR 

KCS . To 500 MCS in 6 
bands. 
Directly calibrated . Vari­
able R.F. Attenuator 
240v AC. 
Dimens. 140 x 215 x 
170mm. 

Y7206EN 
20.0000PV 

AC Volts: 0-10, 50. 
250, 500, 1000. 
DC Volts : 0-0.5 . 5. 
25, 125, 250, 500, 
1000. 
DC Current : 0-0.05, 
5, 25D mA. 8 

Accurately covers 120 

• 
. £52.95 

P.&P £1 .25 

Resistance: 0-3k ohms, 300k ohms. 3 meg 
ohms 
Decibels: -20-+63 db. 
Dims: 127 x 90 x 32 mm. 

£10.95 P.&P. 75p 

SPECIAL OFFER OF NICKEL CADMIUM BATTERIES 
1111allltteriesarellirtuallyiadll1ruclllle.Cinbeovmhngld. shart-circuiled.arleftunchargedlorlangporiads ••aut duritraliaa. Each cell is io 1 polyslyreae ctnloiner ond in on ouler wooden cuing wilh lid lor lsbaro1ory or 
ildntrnluse. 
EJdlcellisHVE.MJ. 
Approx.averogelize of aiagte cell in w10d coae is IOioo. high 1 5in.' 3Voia. 
lllelrltterles ore new oacl uaulld.lftd Offered 11 opprox. 4(W, off current ~~~prices. 
nerns 1. 2•d3•ewi1hsolid oltctrolyte.ltems4. 5. 6, 7ond8 arewi11l liquid etectrolytejwiltaotspillln transitl. 

Type 
1 1 Cel l 10 AH 
2 5 Cal l 10 AH 
3 1 Cell 16 AH 
4 1 Cal l 32 AH 

LIMITED OUANTili,Y ONLY 

£9.75 PiliP £1 .00 
£33 .00 P&P £2 .50 

... £10.50 P&P £1.00 
.. £13.50 P&P. £1 .50 

5 5 Cell 23 AH 
6 2 Cell 32 AH 
7 1 Cell 23 AH 

· 8 2 Call 23 AH 

. . £42.50 P&P £3 .50 
. £22 .50 P&P £2.50 
. £1 1.50 P&P £1 50 

£19.50 P&P £2.50 

HERE IT IS! THE BRAND NEW 8022A 
HAND-HELD DMM . 

Consider the following features : 
6 resistance ranges from 200 ohm - 20 mohm . 
8 current ranges from 2mA-2A AC/ DC. 
10 voltage ranges from 200 mv - 1 OOOv DC, 200 
mc-750V AC 
Pocket size-weighing only 370 gms 
Full overload protection-will withstand 6kv 
spikes 

IT 1 I 2 20.000 OPV 

AC volts : 0 to 10, 50, 
100, 500, 1000. . 

. 

DC volts :. 0 to 5, 25. 50. 250, 500, 2500. 
'>C current 0 to 50 ua. 
2.5 rna. 250 rna. 
Resistance : 0 to GK 
ohms, 6 meg ohms. 
Decibels: -20 to + 22 
db. 
Capacitance: 10 pf, 0.01 
ufO. 1 uf 
Size: 4Y2 x 31A x 1 inch. 

£10.95 
P.&P. 75p 

fflll(500 
MUL TIT ESTER 

30.0000PV 
A sturdy and reliable in­
strument . Has internal 
buzzer . 
AC volts: 0 to 2.5, 10, 
25 , 100, 250, 500 , 
1000. 

DC volts : 0 to 0.25, 1, 2. 5, 10. 25, 100, 
250, 1000.DCcurrent: 0 to 50 ua. 5 rna, 50 
rna, 12 amp. 
Resistance: 0 to 6K, 60K, 6 meg, 60 meg. 
Decibels : -20 to +56 db. 
Short test: Internal buzzer. 
Size: 160 x 110 x 55 mm. 

£20.50. P.&P. 75p 

Pie-add 15% VAT to all 
orde111 

ROTARY STUD SWITCH 

Callers welcome 

We are open 9 a .m .-6 p .m. 
Mon .-Sat. 

We carry a very large seiBction 

of electronic components and 

electro-mechanical items . 

Special quotations on quant­

ities. 

PLESSEY 30-way, 2 bank, 
Single pole. Contacts 1 amp 
240v, AC I DC. 0050 res. 
Make before break . Stop in­
finitely adjustable allowing for 
any desired arc of travel. Ideal 
for instrument and model 
switching . S ize 2Ye" dia . 
overall K 21AI:" deep plus 1 %11 

x V.." dia. spindle 

£3.25 P&P 50p 

Off: THE SHELF DELIVERY ON THESE 

_IFLUKEI~ · 

DIGITAL MUL TIMETERS , 
The following acceuoriee .,. in atock now 

£32.50 ' 
P&P £1 

TX17 
TE15 GRID DIP METER 
" TRADIPER". Covers 440 
KCS to 280 MCS in 6 
ranges . 6 coils supplied . 
Chief applications: 
(a) Measuring tuning 

frequencies. 
(b) Oscillating frequency 

circuit measured with­
out oscillation . 

(c) Earphone monitoring -
Heterodyne 
frequency meter. 

(d) Frequency meter. 
(e) Substitution as a test 

oscillator. 
(f) Relative field strength 

meter. 
Dims: 1 50 x 80 x 45 mm. 

BENDIX MAGNETIC CLUTCH 
Superb example of 
electro-mechanics. Main 
body in two sections, coil 
section fixed with %" 
sleeve, drive section 
rotating on outer 
perimeter. Uniting plate 
has %" 10 bearing con­
centric with main sectiOn 
and t 8 -tooth cog 
wheel. Extremely power­
ful transmission . 24V 
D.C. 240m/a. 

Dozens of uses 
in Home, Farm, 

i~j 
£4. 75. P.&P. 75p 

Rugged construction-virtually indestructable . 
Meets tough military specs-drop proof. Y8008 Touch and Hold Probe £18.00 B010AAND 8012A BENCH MODEL D.M.M.s 

·rhe 801 OA is a general purpose, bench/portable digital muhimeter with more funCtions 
and features than ever offered lor such a low price . Its companion. the 801 2A, has 
identical characteristics except that it has two additional low resistance ranges, 20 and 
200 to replace the 801 OA's 10 ampere current range . 

In line push-button operation for single-handed 
useage. 
Incorporates low power cmos chip for low power 
consumption . 
All this plus a 2-year full guarantee. 

For only £89.00 
Carriage and insurance £3.00 

Even more sophisticated the Fluke 8020A . 
Identical in most respects to the 8022A but in addition incorporates a conductance range 
from 2mS-200nS. 

£112.00 
Carriage and Insurance £3.00 

A handsome soft carrying case is available for the 8020A and 8022A at £7.00 

80K·40 High Voltage Probe £45.00 
81RF RF Probe to 100 MHZ . . . £32.00 
BOT-1 SOC Temperature Probe (C) £55.00 

'"'P'.fi ~. ~~'"., ,_ . e ~ 
The 801 OA and 80 1 2A feature · 
10 voltage ranges from 200mv . 1 OOOv de, 200mv- 7 5v a c. 
3 conductance ranges from 2mS - 200 nS . · 
6 resistance ranges from 20012- 20m0 - the 801 2A has two additional resistance ranges 
20 and 200. 
10 current ranges from 200~A. 2A AC / DC- the 8010A has two additional currenf 
"3nges 1 OA AC and 10A DC. · 

801 OA £159.00 801 2A £179.00 
Carriage and Insurance £3 .00 

The 80 I OA is also avai lable w ith two rechargeable Nicad size C batteries installed in option 
-0 1 a• £179.00. 

WIRELESS WORLD, OCTOBER 1979 

Visit the 

PROFESSIONAL 
llifllll1illil 

EXHIBITION 
A DEMONSTRATION OF EQUIPMENT 

AND SERVICES FOR THOSE PROFESSIONALLY 
ENGAGED IN TELETEXT AND VIEWDATA 

• There is enormous scope for the 
use of viewdata as a private internal communication system 

for large and small businesses and organisations alike. 

• The Professional Viewdata Exhibition is planned to bring together information 
providers, those interested in the use of teletext and viewdata for private use, and 

the providers of the necessary hardware and services. 

• It shows what equipment is available, what it can do and who supplies it, and 
how it helps solve problems of ihformation storage, retri'eval and dissemination . 

e An exclusive event for professionals, the Exhibition is presented by ''Viewdata 
& TV User'' magazine with the support of the Association of Viewdata 
Information Providers, the Post Office and the Department of Industry. 

It is held concurrently with the A VIP members' November conference, also at 
the West Centre Hotel. 

(If you are a Prestel Subscriber, key *45606 # 
for more details) 

West Centre .Hotel, Lillie Road, Fulham, London, 
November 7 & 8 

from 7 0 am each day. 
Nearest Underground station - West Brompton on the Wimbledon branch of the District Line. On leaving the station, turn left; the West 

Centre is clearly visible a few minutes' walk down Lillie Road. There is no charge for admission, which is by registration at the door. 
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124 WIRELESS WORLD, OCTOBER 1979 

You can visit this important exhibition at half the 1 

normal cost-just another benefit of being a reader 
of Wireless World. Tickets normally cost £2-yet 
you only pay £1! Electronics '79 is the showcase of 
the year's new product developments and a vital 
occasion for key executives and engineers from 
communications, science, industry, education, data 
handling, navigation, aerospace .. . See the latest 
in microprocessors, bubble memories, semi­
conductors. Look and learn at a fascinating series of 
ECIF seminars under the general title: "Components of 

· Assessed Quality-The Contribution of the UK Industry:· 
Details of the seminars are available from ECI F, 

7/8 Saville Row, London W.1. 

E

. XH\B\1"\0N F',4.SEM\NAR~I...-Sponsored by the Electronic Components Industry Federation. 
~ Offer applies to UK only. r---------------------, I To: Wireless World Ticket Offer, Print Services Department, I 

ELECTRONIC COMPONENTS 
INDUSTRY FAIR 
20·23 NOVEMBER 1979 
OLYMPIA LONDON 

I 
Electronics '79 Industrial & Trade Fairs Ltd ., Radcliffe House, I 
Blenheim Court, Soli hull, West Midlands. 

I Please send me ........ ticketls for Electronics 79 (state quantity). I 
1 I enclose cheque/p.o. for £ ....... . payable to 1 
I Industrial & Trade Fairs Ltd. I 
I NAME. ........... ...... .... .. ..... ... ..... .......... .. I 
I ~6e~~~~~~.~~ ... ... . .............. .......... ......... I 
I I I . ... .... .. ......... .. ....... .. ............ .. ... I 
I ............. .... ····· ·· ···· ......... ·.. I 
1 Registered in England No. 783151. WW 1 

Regd. Office : Radcliffe House, Blenheim Court. Soli hull. West Midlands. .J ---------------------------------L---------~-----------
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ONLY SMALL SELECTION OF OUR VAST STOCKS 
SHOWN HERE- SEND FOR LATEST CATALOGUE · 
Electronic Brokers unique catalogue contains 62 pages plus update of second user 
Test Equipment, and Mini Computers and Peripherals. Vast lists of Signal Sources 
Oscilloscopes, DVMs, Counters, Recorders, DEC Computers, VDUs, Teletypes, etc'. 
Largest stocks -most cost effective. . · 

LATEST EDITION JUST OUT. SENT FREE IN UK. 
Airmail to overseas addresses £2.00 

SEE US AT 
E.M.I.X. '79 

OCT. 9, 10 and 1 
BLOOMSBURY 

CENTRE 
LONDON 

e 
ui 

ndcUser 
ent 

UGE PURCHASE OFI.EADING.BRAND 

to 10MHz Bandwidth 
Hz Tektronix 326 D.T. 
ry Miniscope 
Hz Telequipment S54AR 

. P.
1

7. CRT (MINT) 
Hz Philips PM301 0 

ry Miniscope 
kHz Hewlett Packard 1 30C 

h Sensitivity 

£900.00 

£175.00 

£325.00 

£345.00 

·>50MHz Bandwidth 
75MHz HEWLETT PACKARD 1 7078 

£925.00 
7 5MHz COSSOR 41 00 £695.00 
500MHz TEKTRONIX 7904, 7 A26, 
7A1 9, 7A21, 7892 £6350.00 
100MHz TEKTRONIX 465 (MINT CONDI-
TION) £1250.00 
1 50MHz TEKTRONIX 454 £1200.00 
120MHz PHILIPS PM3260 £1095.00 
100MHz PHILIPS PM3262 £1300.00 

£745.00 

l..-~~-, to 50M Hz Bandwidth 

STORAGE SCOPES 
ADVANCE OS2200 
HEWLETT PACKARD 1703A 
(Photo EM79/6631-37) 
TEKTRONIX 434 
TEKTRONIX 434 (option 01) 

£1850.00 
£1600.00 
£1700.00 

SCOPE PLUG-INS {TEKTRONIX) 
MA·B;CO:NIINSTS. 

TF2012 i;J. fl E·f M. Signal 
GeneratQr, 400.520MHz. Very l(>w 
nQI$e 8dreq, drift 

Unless otherwise stated all 
equipment offered in the 
Electronic Brokers 4-pave . 
advertisement is 
refurbished and in the case 
of Test Equipment also 
calibrated. Test equipment 
is guaranteed for 12 
months; computer 
peripherals for 3 months. 

Hours of Business: 
9 a.m.-5 p.m., Mon.-Fri. 
Closed lunch 1-2 p.m. 

A copy of our trading 
conditions is available on 
request. 

Add 15% 
VAT to ALL 
PRICES 

Carriage and 
Packing 
charge elCtra 
on all items 
unless 
otherwise 
stated. 

H:EWl.iTT PACKARD 

!~:~c:t~.M .M . 3490
A only £5&0.00 

PH1fi..JiPS 
P¥Z!i24. 4% 01git O.M.M. 
A(; I DC ~Oclla!'wandc~ur(E!l'lt 'aod 
te$istance. 
Full auteranging 

and resistance 
Slilfcheck f~ity Cu.,..ntn.wpriee 4449 3'1> Dtg•t 0 M M 

£1,879.00 AC-DC Voltage and current and reststance. 
SUPUBVALUE AT ONLY 
QUANTITIES AVAILABLE 

Hz COSSOR CDU 150 D.T. 
p Delay £450.00 
Hz TEKTRONIX 5438+CA. D.T. 

£350.00 
Hz TEKTRONIX 5458+CA. D.T. 

Hz PHILIPS PM3211 D.T. 
Hz PHILIPS PM3212 D.T. 
o EM79/6631-32) 
Hz PHILIPS PM3214 D.T. 

MHz Bandwidth 
EQUIPMENT 075 D.T. 
SOR 4000 D.T. S.D. 
RONIX 547+ 1A1. D.T. 

£299.00 
£450.00 

£625.00 
£700.00 

£675.00 
£525.00 
£775.00 

1 A 1 £225.oo· 
CAD.T. 
M 4-Trace 
1 A4 4-Trace 
1 A6 Diff. 
Z Diff. 
1 L30 Spectrum Analyser 

· 1 L40 Spectrum Analyser 
7011 Digital Delay 

T.D.R. 

£60.00 
£275.00 
£450.00 
£225.00 
£750.00 

£1000.00 
£1000.00 

£850.00 

HEWLETT PACKARD 140A+ 1415A 
. £1200.00 

HEWLETT PACKARD 1408 + 141 5A 
£1500.0.0 

WW- 120 FOR FURTHER DETAILS 
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P¥Z!i24. 4% 01git O.M.M. 
A(; I DC ~Oclla!'wandc~ur(E!l'lt 'aod 
te$istance. 
Full auteranging 

and resistance 
Slilfcheck f~ity Cu.,..ntn.wpriee 4449 3'1> Dtg•t 0 M M 

£1,879.00 AC-DC Voltage and current and reststance. 
SUPUBVALUE AT ONLY 
QUANTITIES AVAILABLE 

Hz COSSOR CDU 150 D.T. 
p Delay £450.00 
Hz TEKTRONIX 5438+CA. D.T. 

£350.00 
Hz TEKTRONIX 5458+CA. D.T. 

Hz PHILIPS PM3211 D.T. 
Hz PHILIPS PM3212 D.T. 
o EM79/6631-32) 
Hz PHILIPS PM3214 D.T. 

MHz Bandwidth 
EQUIPMENT 075 D.T. 
SOR 4000 D.T. S.D. 
RONIX 547+ 1A1. D.T. 

£299.00 
£450.00 

£625.00 
£700.00 

£675.00 
£525.00 
£775.00 

1 A 1 £225.oo· 
CAD.T. 
M 4-Trace 
1 A4 4-Trace 
1 A6 Diff. 
Z Diff. 
1 L30 Spectrum Analyser 

· 1 L40 Spectrum Analyser 
7011 Digital Delay 

T.D.R. 

£60.00 
£275.00 
£450.00 
£225.00 
£750.00 

£1000.00 
£1000.00 

£850.00 

HEWLETT PACKARD 140A+ 1415A 
. £1200.00 

HEWLETT PACKARD 1408 + 141 5A 
£1500.0.0 

WW- 120 FOR FURTHER DETAILS 
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BRIDGES 
AVO 
Univ. Bridge B 150 Mk3 £200 
GENERAL RADIO 
lmmitance Bridge 1607A £750 
1 608A LCR Bridge . Accuracy 

typically .05% ... £1,450 
MARCONI INSTS~ 
Univ . Bridge TF1313A (0 .1 %) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £790 
In Situ Univ. Bridge TF2701 

0 0 0 0 0 0 0 0 0 £395 
Univ. Bridge TF 1313 . £395 
WAYNE KERR 
Univ. Bridge B221 (0. 1 %) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £275 
Univ. Bridge B521 (1 o/o) £120 
Low Impedance Adaptor Q22 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £75 

CALIBRATION 
EQUIPMENT 
HEWLETT PACKARD 
DC Voltage Source & Differential 

Voltmeter 740B £850 
DC Voltage Source & AC I DC 

Diff. Voltmeter 741 B £975 
FLUKE 
883AB AC I DC Differential Volt-

meter ........ . . £975 
TEKTRONIX 
Time Mark Generator 1 84 £275 
Time Mark Generator 2901 

0 0 0 0 0 0 0 0 0 0 0 £450 
5nS Pulse Generator 2101 

£525 
Pulse Generator 109 . . £320 

SOUND LEVEL METERS 
GENERAL RADIO 
Portable Sound Level Meter 

1983 0 0 0 0 0 0 0 £190 
1933 & 1935 Portpble Sound 

Level Meter with data cassette 
recorder. . . . . £2,600 

Portable Sound Level Meter 
1981 £575 

DIGITAL COUNTERS 
GOULD ADVANCE. 
500MHz Counter TC1 5 + 15Pi 

0 £495 
80MHz Counter TC1 7 or TC17 A 

£195 
FLUKE 
125MHz Multi-Function Counter 
1910~01 £2~5 

1 25MHz Multi-Function Counter 
1910A ......... £199 

520MHz Communications 
Counter 1920A-06 . £490 

1 25MHz Multi-Function Counter 
1925A .. .... > •• £405 

125MHz Univ. Timer Counter 
1953A-15-16 .. .. . £850 

PHILIPS 
80MHz Timer Counter PM6612 

0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 £405 
1 GHz Timer Counter PM6615 

0 0 0 0 0 0 0 0 £795 
80MHz Freq. Counter PM6661 _ 

0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 £185 
512MHz Freq . Counter PM6645 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £710 
52 0M Hz Automatic Freq. 

Counters PM6664. . £305 
520MHz Counter PM6614 .. 

0 0 0 0. 0 0 0 0 0 0 0 0 0 £450 
RACAL 
520MHz Counter 9915 £395 
SYSTRON DONNER 
50MHz Counter Timer 6250 . 

.. .. .. • .. .. .. .. 0 £175 
LF Freq. Counter 6220 . £160 

DIGITAL VOLTMETERS 
& MULTIMETERS 
ADVANCE 
True R.M.S . Voltmeter DRM6 

£150 
DATRON 
5% digit D.M.M. 1051 
FLUKE 

£995 

4% digit D.M .M. 8040A-01 
0 0. 0 0 0. 0 0 0 0 0 0 0 0 0 £220 

4Y2 digit D.M.M. 8600A £290 
4Y2 digit D.M.M. 8600A-01 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £335 
8800A D.M.M. 5% digit £599 
HEWLETT PACKARD . 
5% digit D.M.M. 34702A + 

34740A . . . . . . . . £295 
PHILIPS 
4 digit D.M.M . PM .2424 £300 
4% digit DC. D.V.M. PM2443 

0 0. 0 0 0 0 £430 
3% digit D.M .M. PM2513 £90 
3% digit D.M.M . PM2513A 

•• 0 0 . 0 0 . 0 0 £95 
Autoranging D.M .M . PM2514 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £125 
Autoranging D.M.M. PM2527 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £400 
D.M .M. PM2517E £120 
D.M .M. PM2522A . . . £200 
SCHLUMBERGER­
SOLARTRON 
6Y2 digit Digital Multimeter 

A243 . . . . . . . £675 
4Y2 digit D.M.M. 7050 £350 
D.M .M. (Microprocessor Con­

trolled) 7055 . . . . . . £975 
-with processor option £1,300 
D.M. M. (Microprocessor Con-

trolled)7065 £1,150 
-with processor option £1 ,450 

OSCILLOSCOPE 
PROBES 
ELECTRONIC BROKERS 
(NEW) 
X 1 Probe Kit EB90 £9 
X10 Probe Kit EB91 £11 
X1X10ProbeKitEB95 . £15 
SIGNAL SOURCES 
FLUKE 
Freq . Synthesiser 61 60A I DX 

0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 £875 
HEWLETT PACKARD 
VHF Sig. Generator 608D £495 

VHF Sig. Generator 608E £675 
Variable Phase Oscillator 203A 

0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 £495 
612A UHF Signal Generator, 

540-1230MHz £825 ·· 
MARCONI INSTS. 
AM I FM Signal Generator 

TF2015/1 ...... £1,100 
AM Sig. Generator TF801 D/ 1 

....... . .. from £400 
AM Sig. Generator TF80 1 D I 8S 

-0 0. 0 •• 0 0 0 £600 
AMIFM Sig. Gen. TF995AI2M 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £475 
AMIFM Sig. Gen. TF995AI5 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £380 
AMIFM Sig . Gen. TF995B/2 

0. 0 £675 
AMIFM Sig . Gen. TF2006 

0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 £875 
Two Tone Source TF2005R 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £350 
AF Oscillator TF2000 £325 
RC Oscillator TF11 01 £120 
AF Oscillator TF21 00 £150 
PHILIPS 
AM I FM Signal Generator 

PM5326X . . . . . . . £735 
AM I FM Signal Generator 

PM5324 . . . . . . . . £450 
Function Generator PM 516 7 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £795 
SIGN/ROGERS 
Low Distortion Oscillator S324 

0 0 0 0 0 0 0 0 0 0 0 0 • • • 0 0 0 £90 
TEKTRONIX 
Diff. Probe P6046 . . . . £350 
Current Probe P6042 £375 

SIGNAL SOURCES 
ADVANCE 
Oscillator J2E . . . . . . . . £90 
Oscillator J4 . . . . . . £140 
HEWLETT PACKARD 
Oscillator 651 B . ..... £415 
Decade Oscillator 4204A £750 
AM I FM Signal Generator 

8640A .. .. .... . £1,800 
MARCONI INSTS. 
Wide Range Oscillator TF1370A 

.... 0.... £275 
AF OscillatorTF2102 Mil £195 
MF Signal Generator TF144H4 

(MINT) £750 
FM Signal Generator TF1 066BI 

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £725 
UHF Signal Generator TF2012 

0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 £900 
MF Signal Generator TF 144H IS 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. £350 
MF Signal Generator TF144H I 

4S ........ £550 
RACAL 
FM I AM Synthesised Signal 

Generator 9081 . . . £1,900 
PHILIPS 
Function Generator PM 512 7 

0 0 0 0 0 0 0 0 0 £395 
Function Generator PM 5108 

• 0 •• 0. 0 0. £250 
WAVETEI( 
Sweep Function Generator 135 

0 0 0 0 £275 
Sweep Function Generator 144 

0 0 0 0 0 • 0 0 0 0 £325 
RF Sweep Generator 1801 A . 

• - •• 0 •• ••• 0 •••••• £435 
RF Sweep Generator 2001 £650 

MISCELLANEOUS 
AVO/BPL 
Electrbnic Multimeter EA 11 3 

••• 0 0 0 0 0 0 • • 0 £85 

AMPEX 
FM/DR Tape Recorder PR2200 

•• • 0 0 0 0 • • 0 0 . 0 •• £6,500 
,BIOMATION 
16 Channel Logic Analyser 1650 

0 0 0 0 0 0 0 0 0 0 0 • 0 0 £4,100 
BRUSH . 
Multipoint 8 Channel Chart 

Recorder 81 6 . . . . . £695 
BRADLEY 
DC Voltage Calibrator 126B . 

••• 0 0 ••• ' . 0 0 0 0 0. £275 
DATA lABS 
Power Line Disturbance Monitor 

£300 

DYMAR 
LF Wave Analyser 1 771 £375 
AM/FM Mod. Meter 1785 

0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 £300 
u: Distortion Meter 1765 
E.N.I. 

£250 

RF Power Amplifier 500L £315 
GERTSCH 
Complex Ratio Bridge CR 1 8 . 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £600 
GENERAL RADIO 
Vibration Analyser 1911 A 

0 0 0 • • 0 • 0 • 0 0 0 0 0 0 £2,100 
HEWLETT PACKARD 
31 OA Wave Analyser 1kHz. 

1.5MHz ....... £1,200 
True RMS Voltmeter 3400A 

0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 £505 
Microwave Freq . Converter 

2590B 0 0 0 0 0 0 0 0 0 £595 
1 6 Channel Logic Analyser 

1 600A . . £2,050 
MARCONI INSTRUMENTS 
AF Transmission Test 

Set TF2332 ..... 
MF Transmission Test Set 

TF2333 . . . . . . . . . £600 
Quantization Distortion Tester 

TF2343 . . . . . . . . . £400 
Deviation Meter TF79 J D £195 
Electronic Voltmeters TF2604 

••• • ••• • •••••• 0 . £250 
Attenuator TF2162 . . . £135 
Sine Sq. Pulse & Bar Generator 

TF2905 . . . £450 
Grey Scale Generator TF2909 

0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 £600 
AM/FM Mod. Meter TF2300A 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £550 
Mobile Radio Test Set TF2950/ 

5 0 0 • 0 0 0 • 0 £1,250 
Mobile Radio Test Set TF2950/ 

8 0 0 0 0 0 0 0 0 0 0 0 0 0 £1,500 
RF Millivoltmeter TF2603 £525 
Diff Voltmeter TF2606 . £200 
DFM TF2331 £475 
Wave Analyser TF2330A £725 
Mod . Meter TF2300B £950 
Two Tone Source TF2005R . 

• 0 0 0 0 0 0 0 0 0 £350 
PHILIPS 
Pulse Generator PM 5 71 5 
Pulse Generator PM 57 7 5 
Pulse Generator PM5776 £700 
Pattern Generator PM5501 

• 0 0 0 0. 0 0' 0 0 0 0 0 0 0 £180 
Wow & Flutter PM6307 £275 
RACAL 
Store 4 FM Tape Recorder.. . . 

• 0 0 0 0 0 0 0 0 0. 0 . 0 0 £2',600 
SHANDON SOUTHERN 
F10-650 6 Channel UIV 

Recorder . . . . £725 
TELEQUIPMENT 

Superb.§pE!biflcatlofkll'!Ciude:; fl;l:l! e~ft ¢~!¥tillil'o[, dkeco;t 
cursor addressiAg, s.tandal:d 'fJ Jl;;t {RS232)--1n'futifaee 9'0 
day:NNllm!lf.lty 

NOW 
ON'~Y ~,.,. 

Superb specification including full edit capability, direct 
cursor addressing, 5 switch-selectable baud rates 
(11 0-9600) detachable keyboard, printer port, standard 
RS232 (V.24) Interface. 

Curve Tracer CT71 
WANTANABE 

lnp'\!lt-l'O:q~puftercrom~ls wJth 64 ASCfl charaetar. set. 
£400 1 Hl~ud~pe . Paplil'r tapepun91'l'and t!]lader 

tASR38 oniy) . ce of tf'lt'edaee (20mA or RS282} 

6 Channel Chart 
MC641 

R e c 0 r de KSR:33 - £4%5.00. A$R:3:3 - £&50.-00. Pedestal 
£2,250 £30o00. 

DBC P,DPl11'D4-
SPEOJAL PU;ROMASI 
P. D.f?'--11/04->. MD S,.~t~t 5W' Pf.t1$1Qr w\lb l i$K q!r~ :and 
DL 1 1W·tntlimfa®. BJtM0·'8EW $URI .. tU$.- OliL.-¥ 
•~soo.oo. 

BA 11-ES E><pander Bo>< £75Ci 
KW11 P Programmable Clock £34! 
MM11-LP 8KAdd-on Core with backplane (11-05, 11-35) £75Ci 
MS11 -FPBKadd-onMOS(11-04,11-34) .... £37! 
PDPBE -Series - Large stocks of add-on core and option modules. 
PDP11-05 Processor, 5'A" chassis, BKW core ... PRICE £1.8&CI 

(additional core available in 8K increments) 
PR 11 High-speed paper tape reader and control . . . £ 1.45Ci 
TC11 TU56 DECtape drive and control . . . . . . . .... £1.39! 
H9602 Data system Cabinet, complete with power distribution uni1 
(no side panels), as new condition £75CI 

COMPUTER PERIPHERALS 
_ CENTRONICS 101 Matrix printer 

64 SCII uppercase character set. 165 characters per second. 132 print 
columns. 5 X dot matrix . Parallel input. PRI_CE: £750 
SCOPE DATA SERIES 200 PRINTER 
240 cps 80 column receive-only matri>< printer. Full upper and lower 
case ASCII character set. Standard RS232 interface Electro-sensitive 
printing ensuring quiet operation . BRAND NEW SURPLUS. New 
low price £495 • 
SEALECTRO PATCH BOARDS 
Programme boards for switching and interconnecting input/output 
circuits. 11 + 20 )(:<( matri><. Interconnection is by means of shorting . 
Skip and component holding pins (not included) . Dimensions 
7Y2''X 53/4"X 1". PRICE £12.5() (mail order total £14 .58) . 

· CALCOMP 565 DIGITAL DRUM PLOTTER Y-A><is 11". X-A><i~ 
120'. Maximum speed 300 increments 4 . 2" per second. Input 
Positive or negative polarity pulses, amplitude greater than 1 OV, rise 
time less than 10 microsec .• minimum pulse with 4 microsec. Source 
impedance less than 500 ohms. PRICE £1.250. 
NEW SHUGART FLOPPY DISC DRIVES 
SA400 Minifloppy - 1,1 OKS capacity , .35 tracks, transfer rate 
125-bit/sec. AV access time 550msec Power requirements +5V DC 
+12VDC. PRICE £195. . 
SA800 Floppy- 400KB capacity. 77 tracks, transfer rate 250K-bit/ 
secAV access time 280msec. Power requirements+ 24V DC+ 5V DC 
-5V DC. PRICE £395 
TEXAS SILENT 700 TERMINAL 
Model 725 Portable with integral acoustic coupler and carrying case 
£695. 
Model 733ASR with integral twin cassette drive. From : £1.450. 
Model 742 Programmable. From : £1.750 
HAZELTINE "'Giau Teletype"' VDUs 
12" screen, choice of 2 switch-selectable baud rates (from range 
110/9600) standard RS232 (V.24) Interface 
Model H-1 000 (12 lines of 80 characters) £350 
Model H-1 200 (24 lines of 80 characters) £375 

VIDEOTAPE­
SPECIAL PURCHASE 
Ampe>< type 1 62-3000 00-20. 1" X 3000' video tape on 9 3.4 reels. 
BRAND NEW SURPLUS- ONLY £15.00 per reel (plus carriage 
and VAT). 

NEWASC II 
KEYBOARDS (mail order 

total) 
KB756 56 key-stations mounted on PCB £49.50 £58.65 
KB756MF, as above, fitted with metal mounting 

frame for extra rigidity £55.00 £64.98 
Optional E><tras 
KB 1 5P Edge Connector 
KB701 Plastic Enclosure 
KB702 Steel Enclosure 
KB 71 0 Numeric Pad ...... . .. . 
KB2376 Spare ROM Encoder 
DC51 2 DC-DC Convertor 
LATEST ADDITION TO THE RANGE 

£3.25 
£12.50 
£25.00 

£8.00 
£12.50 

£7.50 

£4.31 
£15.24 
£30.48 

£9.78 
£14.95 

£9.20 

KB 771 71 Station keyboard incorporating separate numeric I cursor 
control pad and installed in custom-built steel enclosure with textured 
enamel finish. Case dimensions : 17'1•"X7'/,"x3%". Total weight : 
4Kg 
PRICE £95 (mail order total £115) 
025S Connector for KB771 £4.25 £5.46 
Quantity Discounts available 
NEW KEYTOP/KEYSWITCH KITS- ACSII CHARACTER SET. 
BRAND NEW SURPLUS 
Pack of 58 keytops and keyswitches comprising 49 "Owerty" set, TTY 
format+ 9 Edit/Function keys. 
PRICE £15 (mail order total £18.98) 

Electronic 
Brokers 
. WW- 120 FOR FURTHER DETAILS 
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BRIDGES 
AVO 
Univ. Bridge B 150 Mk3 £200 
GENERAL RADIO 
lmmitance Bridge 1607A £750 
1 608A LCR Bridge . Accuracy 

typically .05% ... £1,450 
MARCONI INSTS~ 
Univ . Bridge TF1313A (0 .1 %) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £790 
In Situ Univ. Bridge TF2701 

0 0 0 0 0 0 0 0 0 £395 
Univ. Bridge TF 1313 . £395 
WAYNE KERR 
Univ. Bridge B221 (0. 1 %) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £275 
Univ. Bridge B521 (1 o/o) £120 
Low Impedance Adaptor Q22 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £75 

CALIBRATION 
EQUIPMENT 
HEWLETT PACKARD 
DC Voltage Source & Differential 

Voltmeter 740B £850 
DC Voltage Source & AC I DC 

Diff. Voltmeter 741 B £975 
FLUKE 
883AB AC I DC Differential Volt-

meter ........ . . £975 
TEKTRONIX 
Time Mark Generator 1 84 £275 
Time Mark Generator 2901 

0 0 0 0 0 0 0 0 0 0 0 £450 
5nS Pulse Generator 2101 

£525 
Pulse Generator 109 . . £320 

SOUND LEVEL METERS 
GENERAL RADIO 
Portable Sound Level Meter 

1983 0 0 0 0 0 0 0 £190 
1933 & 1935 Portpble Sound 

Level Meter with data cassette 
recorder. . . . . £2,600 

Portable Sound Level Meter 
1981 £575 

DIGITAL COUNTERS 
GOULD ADVANCE. 
500MHz Counter TC1 5 + 15Pi 

0 £495 
80MHz Counter TC1 7 or TC17 A 

£195 
FLUKE 
125MHz Multi-Function Counter 
1910~01 £2~5 

1 25MHz Multi-Function Counter 
1910A ......... £199 

520MHz Communications 
Counter 1920A-06 . £490 

1 25MHz Multi-Function Counter 
1925A .. .... > •• £405 

125MHz Univ. Timer Counter 
1953A-15-16 .. .. . £850 

PHILIPS 
80MHz Timer Counter PM6612 

0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 £405 
1 GHz Timer Counter PM6615 

0 0 0 0 0 0 0 0 £795 
80MHz Freq. Counter PM6661 _ 

0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 £185 
512MHz Freq . Counter PM6645 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £710 
52 0M Hz Automatic Freq. 

Counters PM6664. . £305 
520MHz Counter PM6614 .. 

0 0 0 0. 0 0 0 0 0 0 0 0 0 £450 
RACAL 
520MHz Counter 9915 £395 
SYSTRON DONNER 
50MHz Counter Timer 6250 . 

.. .. .. • .. .. .. .. 0 £175 
LF Freq. Counter 6220 . £160 

DIGITAL VOLTMETERS 
& MULTIMETERS 
ADVANCE 
True R.M.S . Voltmeter DRM6 

£150 
DATRON 
5% digit D.M.M. 1051 
FLUKE 

£995 

4% digit D.M .M. 8040A-01 
0 0. 0 0 0. 0 0 0 0 0 0 0 0 0 £220 

4Y2 digit D.M.M. 8600A £290 
4Y2 digit D.M.M. 8600A-01 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £335 
8800A D.M.M. 5% digit £599 
HEWLETT PACKARD . 
5% digit D.M.M. 34702A + 

34740A . . . . . . . . £295 
PHILIPS 
4 digit D.M.M . PM .2424 £300 
4% digit DC. D.V.M. PM2443 

0 0. 0 0 0 0 £430 
3% digit D.M .M. PM2513 £90 
3% digit D.M.M . PM2513A 

•• 0 0 . 0 0 . 0 0 £95 
Autoranging D.M .M . PM2514 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £125 
Autoranging D.M.M. PM2527 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £400 
D.M .M. PM2517E £120 
D.M .M. PM2522A . . . £200 
SCHLUMBERGER­
SOLARTRON 
6Y2 digit Digital Multimeter 

A243 . . . . . . . £675 
4Y2 digit D.M.M. 7050 £350 
D.M .M. (Microprocessor Con­

trolled) 7055 . . . . . . £975 
-with processor option £1,300 
D.M. M. (Microprocessor Con-

trolled)7065 £1,150 
-with processor option £1 ,450 

OSCILLOSCOPE 
PROBES 
ELECTRONIC BROKERS 
(NEW) 
X 1 Probe Kit EB90 £9 
X10 Probe Kit EB91 £11 
X1X10ProbeKitEB95 . £15 
SIGNAL SOURCES 
FLUKE 
Freq . Synthesiser 61 60A I DX 

0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 £875 
HEWLETT PACKARD 
VHF Sig. Generator 608D £495 

VHF Sig. Generator 608E £675 
Variable Phase Oscillator 203A 

0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 £495 
612A UHF Signal Generator, 

540-1230MHz £825 ·· 
MARCONI INSTS. 
AM I FM Signal Generator 

TF2015/1 ...... £1,100 
AM Sig. Generator TF801 D/ 1 

....... . .. from £400 
AM Sig. Generator TF80 1 D I 8S 

-0 0. 0 •• 0 0 0 £600 
AMIFM Sig. Gen. TF995AI2M 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £475 
AMIFM Sig. Gen. TF995AI5 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £380 
AMIFM Sig . Gen. TF995B/2 

0. 0 £675 
AMIFM Sig . Gen. TF2006 

0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 £875 
Two Tone Source TF2005R 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £350 
AF Oscillator TF2000 £325 
RC Oscillator TF11 01 £120 
AF Oscillator TF21 00 £150 
PHILIPS 
AM I FM Signal Generator 

PM5326X . . . . . . . £735 
AM I FM Signal Generator 

PM5324 . . . . . . . . £450 
Function Generator PM 516 7 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £795 
SIGN/ROGERS 
Low Distortion Oscillator S324 

0 0 0 0 0 0 0 0 0 0 0 0 • • • 0 0 0 £90 
TEKTRONIX 
Diff. Probe P6046 . . . . £350 
Current Probe P6042 £375 

SIGNAL SOURCES 
ADVANCE 
Oscillator J2E . . . . . . . . £90 
Oscillator J4 . . . . . . £140 
HEWLETT PACKARD 
Oscillator 651 B . ..... £415 
Decade Oscillator 4204A £750 
AM I FM Signal Generator 

8640A .. .. .... . £1,800 
MARCONI INSTS. 
Wide Range Oscillator TF1370A 

.... 0.... £275 
AF OscillatorTF2102 Mil £195 
MF Signal Generator TF144H4 

(MINT) £750 
FM Signal Generator TF1 066BI 

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £725 
UHF Signal Generator TF2012 

0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 £900 
MF Signal Generator TF 144H IS 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. £350 
MF Signal Generator TF144H I 

4S ........ £550 
RACAL 
FM I AM Synthesised Signal 

Generator 9081 . . . £1,900 
PHILIPS 
Function Generator PM 512 7 

0 0 0 0 0 0 0 0 0 £395 
Function Generator PM 5108 

• 0 •• 0. 0 0. £250 
WAVETEI( 
Sweep Function Generator 135 

0 0 0 0 £275 
Sweep Function Generator 144 

0 0 0 0 0 • 0 0 0 0 £325 
RF Sweep Generator 1801 A . 

• - •• 0 •• ••• 0 •••••• £435 
RF Sweep Generator 2001 £650 

MISCELLANEOUS 
AVO/BPL 
Electrbnic Multimeter EA 11 3 

••• 0 0 0 0 0 0 • • 0 £85 

AMPEX 
FM/DR Tape Recorder PR2200 

•• • 0 0 0 0 • • 0 0 . 0 •• £6,500 
,BIOMATION 
16 Channel Logic Analyser 1650 

0 0 0 0 0 0 0 0 0 0 0 • 0 0 £4,100 
BRUSH . 
Multipoint 8 Channel Chart 

Recorder 81 6 . . . . . £695 
BRADLEY 
DC Voltage Calibrator 126B . 

••• 0 0 ••• ' . 0 0 0 0 0. £275 
DATA lABS 
Power Line Disturbance Monitor 

£300 

DYMAR 
LF Wave Analyser 1 771 £375 
AM/FM Mod. Meter 1785 

0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 £300 
u: Distortion Meter 1765 
E.N.I. 

£250 

RF Power Amplifier 500L £315 
GERTSCH 
Complex Ratio Bridge CR 1 8 . 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £600 
GENERAL RADIO 
Vibration Analyser 1911 A 

0 0 0 • • 0 • 0 • 0 0 0 0 0 0 £2,100 
HEWLETT PACKARD 
31 OA Wave Analyser 1kHz. 

1.5MHz ....... £1,200 
True RMS Voltmeter 3400A 

0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 £505 
Microwave Freq . Converter 

2590B 0 0 0 0 0 0 0 0 0 £595 
1 6 Channel Logic Analyser 

1 600A . . £2,050 
MARCONI INSTRUMENTS 
AF Transmission Test 

Set TF2332 ..... 
MF Transmission Test Set 

TF2333 . . . . . . . . . £600 
Quantization Distortion Tester 

TF2343 . . . . . . . . . £400 
Deviation Meter TF79 J D £195 
Electronic Voltmeters TF2604 

••• • ••• • •••••• 0 . £250 
Attenuator TF2162 . . . £135 
Sine Sq. Pulse & Bar Generator 

TF2905 . . . £450 
Grey Scale Generator TF2909 

0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 £600 
AM/FM Mod. Meter TF2300A 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 £550 
Mobile Radio Test Set TF2950/ 

5 0 0 • 0 0 0 • 0 £1,250 
Mobile Radio Test Set TF2950/ 

8 0 0 0 0 0 0 0 0 0 0 0 0 0 £1,500 
RF Millivoltmeter TF2603 £525 
Diff Voltmeter TF2606 . £200 
DFM TF2331 £475 
Wave Analyser TF2330A £725 
Mod . Meter TF2300B £950 
Two Tone Source TF2005R . 

• 0 0 0 0 0 0 0 0 0 £350 
PHILIPS 
Pulse Generator PM 5 71 5 
Pulse Generator PM 57 7 5 
Pulse Generator PM5776 £700 
Pattern Generator PM5501 

• 0 0 0 0. 0 0' 0 0 0 0 0 0 0 £180 
Wow & Flutter PM6307 £275 
RACAL 
Store 4 FM Tape Recorder.. . . 

• 0 0 0 0 0 0 0 0 0. 0 . 0 0 £2',600 
SHANDON SOUTHERN 
F10-650 6 Channel UIV 

Recorder . . . . £725 
TELEQUIPMENT 

Superb.§pE!biflcatlofkll'!Ciude:; fl;l:l! e~ft ¢~!¥tillil'o[, dkeco;t 
cursor addressiAg, s.tandal:d 'fJ Jl;;t {RS232)--1n'futifaee 9'0 
day:NNllm!lf.lty 

NOW 
ON'~Y ~,.,. 

Superb specification including full edit capability, direct 
cursor addressing, 5 switch-selectable baud rates 
(11 0-9600) detachable keyboard, printer port, standard 
RS232 (V.24) Interface. 

Curve Tracer CT71 
WANTANABE 

lnp'\!lt-l'O:q~puftercrom~ls wJth 64 ASCfl charaetar. set. 
£400 1 Hl~ud~pe . Paplil'r tapepun91'l'and t!]lader 

tASR38 oniy) . ce of tf'lt'edaee (20mA or RS282} 

6 Channel Chart 
MC641 

R e c 0 r de KSR:33 - £4%5.00. A$R:3:3 - £&50.-00. Pedestal 
£2,250 £30o00. 

DBC P,DPl11'D4-
SPEOJAL PU;ROMASI 
P. D.f?'--11/04->. MD S,.~t~t 5W' Pf.t1$1Qr w\lb l i$K q!r~ :and 
DL 1 1W·tntlimfa®. BJtM0·'8EW $URI .. tU$.- OliL.-¥ 
•~soo.oo. 

BA 11-ES E><pander Bo>< £75Ci 
KW11 P Programmable Clock £34! 
MM11-LP 8KAdd-on Core with backplane (11-05, 11-35) £75Ci 
MS11 -FPBKadd-onMOS(11-04,11-34) .... £37! 
PDPBE -Series - Large stocks of add-on core and option modules. 
PDP11-05 Processor, 5'A" chassis, BKW core ... PRICE £1.8&CI 

(additional core available in 8K increments) 
PR 11 High-speed paper tape reader and control . . . £ 1.45Ci 
TC11 TU56 DECtape drive and control . . . . . . . .... £1.39! 
H9602 Data system Cabinet, complete with power distribution uni1 
(no side panels), as new condition £75CI 

COMPUTER PERIPHERALS 
_ CENTRONICS 101 Matrix printer 

64 SCII uppercase character set. 165 characters per second. 132 print 
columns. 5 X dot matrix . Parallel input. PRI_CE: £750 
SCOPE DATA SERIES 200 PRINTER 
240 cps 80 column receive-only matri>< printer. Full upper and lower 
case ASCII character set. Standard RS232 interface Electro-sensitive 
printing ensuring quiet operation . BRAND NEW SURPLUS. New 
low price £495 • 
SEALECTRO PATCH BOARDS 
Programme boards for switching and interconnecting input/output 
circuits. 11 + 20 )(:<( matri><. Interconnection is by means of shorting . 
Skip and component holding pins (not included) . Dimensions 
7Y2''X 53/4"X 1". PRICE £12.5() (mail order total £14 .58) . 

· CALCOMP 565 DIGITAL DRUM PLOTTER Y-A><is 11". X-A><i~ 
120'. Maximum speed 300 increments 4 . 2" per second. Input 
Positive or negative polarity pulses, amplitude greater than 1 OV, rise 
time less than 10 microsec .• minimum pulse with 4 microsec. Source 
impedance less than 500 ohms. PRICE £1.250. 
NEW SHUGART FLOPPY DISC DRIVES 
SA400 Minifloppy - 1,1 OKS capacity , .35 tracks, transfer rate 
125-bit/sec. AV access time 550msec Power requirements +5V DC 
+12VDC. PRICE £195. . 
SA800 Floppy- 400KB capacity. 77 tracks, transfer rate 250K-bit/ 
secAV access time 280msec. Power requirements+ 24V DC+ 5V DC 
-5V DC. PRICE £395 
TEXAS SILENT 700 TERMINAL 
Model 725 Portable with integral acoustic coupler and carrying case 
£695. 
Model 733ASR with integral twin cassette drive. From : £1.450. 
Model 742 Programmable. From : £1.750 
HAZELTINE "'Giau Teletype"' VDUs 
12" screen, choice of 2 switch-selectable baud rates (from range 
110/9600) standard RS232 (V.24) Interface 
Model H-1 000 (12 lines of 80 characters) £350 
Model H-1 200 (24 lines of 80 characters) £375 

VIDEOTAPE­
SPECIAL PURCHASE 
Ampe>< type 1 62-3000 00-20. 1" X 3000' video tape on 9 3.4 reels. 
BRAND NEW SURPLUS- ONLY £15.00 per reel (plus carriage 
and VAT). 

NEWASC II 
KEYBOARDS (mail order 

total) 
KB756 56 key-stations mounted on PCB £49.50 £58.65 
KB756MF, as above, fitted with metal mounting 

frame for extra rigidity £55.00 £64.98 
Optional E><tras 
KB 1 5P Edge Connector 
KB701 Plastic Enclosure 
KB702 Steel Enclosure 
KB 71 0 Numeric Pad ...... . .. . 
KB2376 Spare ROM Encoder 
DC51 2 DC-DC Convertor 
LATEST ADDITION TO THE RANGE 

£3.25 
£12.50 
£25.00 

£8.00 
£12.50 

£7.50 

£4.31 
£15.24 
£30.48 

£9.78 
£14.95 

£9.20 

KB 771 71 Station keyboard incorporating separate numeric I cursor 
control pad and installed in custom-built steel enclosure with textured 
enamel finish. Case dimensions : 17'1•"X7'/,"x3%". Total weight : 
4Kg 
PRICE £95 (mail order total £115) 
025S Connector for KB771 £4.25 £5.46 
Quantity Discounts available 
NEW KEYTOP/KEYSWITCH KITS- ACSII CHARACTER SET. 
BRAND NEW SURPLUS 
Pack of 58 keytops and keyswitches comprising 49 "Owerty" set, TTY 
format+ 9 Edit/Function keys. 
PRICE £15 (mail order total £18.98) 

Electronic 
Brokers 
. WW- 120 FOR FURTHER DETAILS 
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YOUR LAST CHANCE 
to obtain Wireless World 

,. 

Circards. We still have some copies of the original Wireless 

·, 

World circuit cards, even 
though the companion 

bound volumes 
Circuit Designs 1 & 2* 

are out of print. Fill 
the gaps in your 

circuit files with these 
sets of 5 x Bin. · 
(127 x 204mm) 
cards in plastic 

wallets - and at 
1976 prices! 

:;···'\ :( . 

. ' 

These unique circuit 
cards normally contain 

descriptions and 
performance data of 1 0 

tested circuits, together 
with ideas for modifying 

them to suit special 
needs. 

Micropower circuits 11 Basi.c logic gates 
12 Wideband amplifiers 13 Alarm 
circuits 14 Digital counters 15 Pulse 
modulators 16 Current differencing 
amplifiers-signal processing 17 Current 
differencing amplifiers-signal generation 
18 Current differencing amplifiers 
measurement and detection 19 Monost-
able circuits 20 Transistor pairs 21 
Voltage-to-frequency converters 22 
Amplitude modulation and detection 23 
Reference circuits 24 Voltage regula~ors 
25 RC oscillators - 1 26 RC oscillators 
- 2 27 Linear cmos- 1 28 Linear cmos 
- 2 29 Analogue multipliers 30 Rms/ 
log/power laws 31 Digital multipliers 
32-Transistor arrays 33 Differential and 
bridge amplifiers 34 Analogue gate appli­
cations- 1 35 Analogue gate applications 
-2 

*The two out-of-print volumes 
contained sets 1 to 1 0 and 11 to 20 
of Circards. 

1 Basic active filters 2 Switching circuits, comparators and 
Schmitts 3 Waveform generators 4 AC measurements 5 
Audio circuits 6 Constant current circuits 7 Power 
amplifiers 8 Astable ci.rcuits 9 Optoelectronics 10 

P~----------------•----, I To: General Sales Department, IPC Electrical-Electronic Press Ltd., 1 
1 Room CP34, Dorset House, Stamford Street, London SEl 9LU. I 
I I 1 Please send me the following sets of Circards: I 
I £2·~~~h: £i8 ·f~~·t·e"n:."i~~i~~i~~-·.................... . ........... I 
I I 
I I enclose cheque/money order for£ I I Make cheques payable to IPCBusiness Press Ltd. I 

I Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . I 
I Address . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
I I 
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................................... WW10 

~ ----------------------~ 

WIRELESS WORLD. OCTOBER 1979 

A reprint of the series of articles is . 
·available at £1.95 + large l8Y2p ' 
SAE (included free in complete kit). l.y=-:;;;:::;:-:;-;:-:~-::~-~--""'-...,.;.,.--:,:- --:- ··-~--~:--:-~~-:iJ 

Prices are for the Version with 

WW-920FOR 

PreviD111 Telt.-s hm bnn too euily foolltl by low shunt 
illlpldances resuHing in false alarms on perfectly sound 
tnnsia1Dra. Desi"ed for lui IN-CIRCUIT testing the new 
DATONG !lATEST 2 tells tnnsii1Dn. FETs SCRs 1nd TriiCS 
IIV .. wllen llluntlld by rllllllars 11 low 11 20 o~msl 
AldOIIIIIC 11'11/PII' ln~lcaUan. l111lpralf llln•LED dlsplly. 
11111 111lquetest probes 1llow a very ~lgh rate oltalling aven 
by ualdlled us.-s. Very c•plllilive price Includes probes 
and.lhiiiATEST Z is IYiilalile from stock. Full data sheet free 
,on req~est. . 

ONLY £45 COMPLETE+ 15% VAT 

, :). DATDNG ELECTRONICS LIMITED 
Spence MHis, Mill L_..a, Bramley 

· Laedll LS13 3HE 
T~hona:Pudllay(0532)55246 1 

WW- 026 FOR FURTHER DETAILS 

SINCLAIR PRODUCTS. New 1OM Hz scope 
poa. PFM200 £52.89, case £3.40, adaptor 
£3.40, connector kit £11.27. Microvision TV UK 
model £91.44. mains adaptor £6.88. PDM35 
£29.78, mains adaptor £3.40, case £3.40. 
DM350 £71.82, DM450 £102.17 . DM235 
£52.66. rechargeable balls £7.99. mains adaptor 
£3.94, ~ase £9. Enterprise prog. calculator with 
accessones £23.37. 
COMPUTER GAMES Star chess £62, Chess 
Champion 6 £94. Chess Challenger 7 £91. Chess 
Challenger 10 £152.50. Voice Challenger £239. 
Checker Challenger 2 £46. Checker Challenger 4 
£88. A1ari Video Computer £147, Cartridges 
£14.32. I 

COMPONENTS 1N4148 1.4p. 1N4002 3.1p. 
741 18p. bc182b, bc183b, bc184b, bc212b, 
bc213b, bc214c 5p. Resistors V.W 5% E 12 1 OR 
to 10M 1p, 0.8p for 50+ of one value. 16V 
electrolytics. 5/1/2/5/10/22uf 5p, 100ul 6p, 
1000uf 10p. 11b FeCI £1.20. Dalo pen 84p. 40 
sq. 1ns pcb 64p. Polystyrene capacitors E12 63V 
10 to.1000pf 3p. 1n2 to 10n 4p. Ceramic 
Capac itors 50V E6 2 2 pf to 4 7 n 2p. Zeners 
400mW E24 2V7 to 33V 7p. Preset Pots submin 
0.1W 100 to 4M7 7.2p. 
TV GAMES AY·3·8500 + kit £9.53. Rille kit 
£5.27. AY-3-8610 + kit £18.51. Stunt Cycle 
ch1p + k1t £16.72. AY-3-8603 chip £9.48. 
TRANSFORMERS 6-0-6V 1 OOma 76p, 1 v,a 
£2.50. 6.3V 1112a £2.01. 9-0-9V 7 5ma 76p, 1 a 
g:~~: 2a £2.77. 12-0-12V 100ma 92p, 1a 

IC AUDIO AMPS with pcb. JC12 6W £2.08. 
JC20 10W £3.14. 

BATTERY ELIMINATORS 3-way type 617V21 
9V 300ma £3.14. 1 OOma radio type with 
press·studs 9V £3.57. 9V+9V £4 .7.9. Car 
convertor 12V input. outpdt 4'h./6/7 112/9V 
800ma £2.66. 

BATTERY ELIMINATOR KITS 100ma radio 
types with press-studs 4V,V £1.49, 6V £1 .49, 9V 
£1.49. 4V,Y+4VzV £1.92, 6+6V £1.92, 9 +9V 
£1.92. Stabilised 8-way types 314V,/617Vzl91 
12/15/18V 100ma £2.98. 1 Amp £6.81. 
Stabilised power kits 2-1 BV 1 OOma £2.98, 2-30V 
1A £7.40, 2-30V 2A £11.60. 12V car convertor 
6/7Y,/9V 1A £1.44. 

T-DEC AND CSC BREADBOARDS s-dec 
£4.05, I-dee £4.28, u-deca £4.69. u-decb £7.16. 
16 dil adaptor £2.31, exp4b £2.64, exp300 
£6.61, exp350 £3.62, exp325 £1.84. 

BI-PAK AUDIO MODULES s450 £24.03. 
AL60 £4.97. PA 100 £17.33. spmBO £4.57, 
bmtBO £6.08. Stereo 30£20.57. Al30 £4.04. 
PA12 £7.77, PS12 £1.42, MA60 £36.23. 

SWANLEY ELECTRONICS 
Dept. WW, 32 Golot.el R-d. Sw..,ley, Kent 

Post 30p extra, prices include VAT. Official and 
overseas orders welcome 

FORMERS 
SAME-DAY DESPATCH 

MAl~$ ISOLATOR .. _·_ V:Af15% 12 or 24-VOlT 
PRJ 120 or 240V Sec 1 20 or 24ov Separilte f2\Fwiilci'irigs Pri -220-240V 

_ ~entreTapped and Screened Ref Ampa £ PS.P 
Ref. VA (Watta) £ PS.P 12v 24v 
07* 20 4.84 ,gl 0 .5 0:25 

149 60 7.37 1.10 1.0 0.5 
150 100 8.38 1.31 2 1 
151 200 12.28 1.31 4 2 
152 250 14.61 1.73 5 2.5 
153 350 18.07 2.12 6 3 
154 500 22.52 2.47 8 4 
155 750 31.97 OA 10 5 
1 56 1000 40.92 OA 12 6 
157 1500 56.52 OA 16 8 
158 2000 89.99 OA 20 10 
1 59 3000 95.33 OA 30 1 5 
*11 5 or 240 sec only. State volts re- 60 30 
quired. Pri. 0.220-240V. 

RANGE Pri 220-240V Sec. 0-12-1 5-20-24-30V 

Pri 220-240V. Sec. 0-20-25-33-40-50V. 
Voltages available 5, 7, 8, 10. 13, 15. 
17, 20, 25, 30, 33, 40 or 20V-0-20V and 

Voltages available 3, 4, 5, 6, 8, 9, 10, 12, 15. 1 B. 
20, 24, 30Vor12V-0-12Vand 15V·0·1 ~V. 
Ref. Amps £ PS.P ' 
112 0.5 2.90 .90 

25V-0-25V Screened 79 1.0 3.93 1.10 R.it. Ampa-. __ £___ PS.P 3 2.0 6.35 1.10 
102 0.5 3.75 .90 20 3.0 6.82 1.31 
103 1.0 5.03 1.10 21 4.0 8.79 1.31 
104 2.0 7.88 1.31 51 5.0 10.86 1.52 
105 3.0 9.15 l.52 117 6 .0 12.29 1.67 
106 4.0 12.55 1.73 88 8.0 16.45 1.89 
107 6.0 16.57 1.89 89 10.0 18.98 1.8g 
118 8.0 22.29 2.39 90 12.0 21.09 2.24 
119 10.0 27.48 OA 91 15.0 24.16 2.39 
09 1 

Pri 220-240V 
Sec 0-24-30-40-48-60V. Voltages 

1 available 6, 8, 1 0, 12, 16, 1 8, 20 , 24, 
130, 36, 40, 48. 60V, or 24V-0-24V 

and 30V-0-30V 
----A~ · .-£ 

0.5 4.27 
1.0 6.50 
2.0 8.36 
3.0 12.10 
4.0 13.77 
5.0 17.42 
6.0 19.87 
8 .0 28.12 

10.0 . 32.55 

AVOS Mk. 5 
AV071 
AV073 
AVOMM5 MINOR 
WEE MEGGER £74.25 
TTl 69 (tests transistors 

in circuit) £39.53 
EM 272 316KQ IV £57.80 
DA116 Digital £108.90 
Meg9er BM7 (Battery) £51.76 

Avo Cases and Accessories 
£1.32 VAT 15'/o 

mA 
200 
lA, 1A 
100 

·Volta 
3-0-3 
0-6,0-6 
9-0-9 
0-9.0-9 
0-8-9, 0-8·9 
0-8-9, 0-8-9 
0-15.0-15 
12-0·12 -

' 0-20, 2-20 

330, 330 
500, 500 
lA, lA 
200,200 
50MA 
300, 300 
700 (DC) 
1A, lA 
500, 500 

20-1 2-0-1 2-20 
0-15-20, 0-1 5-20 

,lA 

Ref. VA (Watta) TAPS 
113 15 o-115-21o-i4ov 
64 75 0-115-21 0-240V 

4 1 50 0-11 5-200-220-240V 
67 500 .. .. 
69 250 
84 1000 
93 1500 
95 2000 
73 3000 
80s 4000 
57s 5000 

43mm x 43mm 82mm x 78mm 
0-50.,A . .. £6.20 0-50 .. A .. £6.70 
0-500.,A . £5.95 0-500 .. A . £6.70 

g:i~~ . . . : : ££55:9955 '· oo:31 omvA .. £6.70 
...... £6.70· 

VU Indicator Edge 54mm x 14mm ., a FS D . 
VU Panel Ind. 48 x 45mm, 250 .. a FDS . 

Carriage 76p VAT 15% 

U4315 Budget Meter 20Ku/V Rangers to 1 OOOV 
2.5A AC/ DC 500Ku. Res in steel case £15.85 P8tP 
£1.32. VAT 15%. 

NEW 
Pri 0-120; 0-100-1 20; (120v or 220-240v) Sec. 

--'~==--..,~..-.:.:.=-.=...,=--=..=...! 0-36-48 twice to give 72v or 92v. 
2A £13.l5 PP [1.40 4A £20.65 PP £2.11 
3A £16.17 PP £1.50 SA £29.30 PP £.2 .47 

METAL OXIDE RESISTORS 1/4W (Eiectrosil) 
24K · 470u- 560u- 1K- 1K8- 2K4- 1K1 · 270K · 
1 K6 - 82K- 20K- 820u - 16K- 180K - 390u - 3 K -
510u- 300K- 220K- 2K- lOOK- 22K- 130K · 47.K 
- 1 K2. £1.50 100. 

MAIN$ ADAPTORS 
MVA30. 6, 7.5, 9V at 300mA plugs direct into 
13A socket (fused). 4-way multi plug £4.00 
3300-3·6-9-12V at 300ma plug straight to 1 3A 
socket (fused) with multi plug £4.60 

15% VAT. 55p P&P 
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Circards. We still have some copies of the original Wireless 
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World circuit cards, even 
though the companion 
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Circuit Designs 1 & 2* 

are out of print. Fill 
the gaps in your 

circuit files with these 
sets of 5 x Bin. · 
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These unique circuit 
cards normally contain 

descriptions and 
performance data of 1 0 

tested circuits, together 
with ideas for modifying 

them to suit special 
needs. 

Micropower circuits 11 Basi.c logic gates 
12 Wideband amplifiers 13 Alarm 
circuits 14 Digital counters 15 Pulse 
modulators 16 Current differencing 
amplifiers-signal processing 17 Current 
differencing amplifiers-signal generation 
18 Current differencing amplifiers 
measurement and detection 19 Monost-
able circuits 20 Transistor pairs 21 
Voltage-to-frequency converters 22 
Amplitude modulation and detection 23 
Reference circuits 24 Voltage regula~ors 
25 RC oscillators - 1 26 RC oscillators 
- 2 27 Linear cmos- 1 28 Linear cmos 
- 2 29 Analogue multipliers 30 Rms/ 
log/power laws 31 Digital multipliers 
32-Transistor arrays 33 Differential and 
bridge amplifiers 34 Analogue gate appli­
cations- 1 35 Analogue gate applications 
-2 

*The two out-of-print volumes 
contained sets 1 to 1 0 and 11 to 20 
of Circards. 

1 Basic active filters 2 Switching circuits, comparators and 
Schmitts 3 Waveform generators 4 AC measurements 5 
Audio circuits 6 Constant current circuits 7 Power 
amplifiers 8 Astable ci.rcuits 9 Optoelectronics 10 

P~----------------•----, I To: General Sales Department, IPC Electrical-Electronic Press Ltd., 1 
1 Room CP34, Dorset House, Stamford Street, London SEl 9LU. I 
I I 1 Please send me the following sets of Circards: I 
I £2·~~~h: £i8 ·f~~·t·e"n:."i~~i~~i~~-·.................... . ........... I 
I I 
I I enclose cheque/money order for£ I I Make cheques payable to IPCBusiness Press Ltd. I 

I Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . I 
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WW-920FOR 

PreviD111 Telt.-s hm bnn too euily foolltl by low shunt 
illlpldances resuHing in false alarms on perfectly sound 
tnnsia1Dra. Desi"ed for lui IN-CIRCUIT testing the new 
DATONG !lATEST 2 tells tnnsii1Dn. FETs SCRs 1nd TriiCS 
IIV .. wllen llluntlld by rllllllars 11 low 11 20 o~msl 
AldOIIIIIC 11'11/PII' ln~lcaUan. l111lpralf llln•LED dlsplly. 
11111 111lquetest probes 1llow a very ~lgh rate oltalling aven 
by ualdlled us.-s. Very c•plllilive price Includes probes 
and.lhiiiATEST Z is IYiilalile from stock. Full data sheet free 
,on req~est. . 

ONLY £45 COMPLETE+ 15% VAT 

, :). DATDNG ELECTRONICS LIMITED 
Spence MHis, Mill L_..a, Bramley 

· Laedll LS13 3HE 
T~hona:Pudllay(0532)55246 1 

WW- 026 FOR FURTHER DETAILS 

SINCLAIR PRODUCTS. New 1OM Hz scope 
poa. PFM200 £52.89, case £3.40, adaptor 
£3.40, connector kit £11.27. Microvision TV UK 
model £91.44. mains adaptor £6.88. PDM35 
£29.78, mains adaptor £3.40, case £3.40. 
DM350 £71.82, DM450 £102.17 . DM235 
£52.66. rechargeable balls £7.99. mains adaptor 
£3.94, ~ase £9. Enterprise prog. calculator with 
accessones £23.37. 
COMPUTER GAMES Star chess £62, Chess 
Champion 6 £94. Chess Challenger 7 £91. Chess 
Challenger 10 £152.50. Voice Challenger £239. 
Checker Challenger 2 £46. Checker Challenger 4 
£88. A1ari Video Computer £147, Cartridges 
£14.32. I 

COMPONENTS 1N4148 1.4p. 1N4002 3.1p. 
741 18p. bc182b, bc183b, bc184b, bc212b, 
bc213b, bc214c 5p. Resistors V.W 5% E 12 1 OR 
to 10M 1p, 0.8p for 50+ of one value. 16V 
electrolytics. 5/1/2/5/10/22uf 5p, 100ul 6p, 
1000uf 10p. 11b FeCI £1.20. Dalo pen 84p. 40 
sq. 1ns pcb 64p. Polystyrene capacitors E12 63V 
10 to.1000pf 3p. 1n2 to 10n 4p. Ceramic 
Capac itors 50V E6 2 2 pf to 4 7 n 2p. Zeners 
400mW E24 2V7 to 33V 7p. Preset Pots submin 
0.1W 100 to 4M7 7.2p. 
TV GAMES AY·3·8500 + kit £9.53. Rille kit 
£5.27. AY-3-8610 + kit £18.51. Stunt Cycle 
ch1p + k1t £16.72. AY-3-8603 chip £9.48. 
TRANSFORMERS 6-0-6V 1 OOma 76p, 1 v,a 
£2.50. 6.3V 1112a £2.01. 9-0-9V 7 5ma 76p, 1 a 
g:~~: 2a £2.77. 12-0-12V 100ma 92p, 1a 

IC AUDIO AMPS with pcb. JC12 6W £2.08. 
JC20 10W £3.14. 

BATTERY ELIMINATORS 3-way type 617V21 
9V 300ma £3.14. 1 OOma radio type with 
press·studs 9V £3.57. 9V+9V £4 .7.9. Car 
convertor 12V input. outpdt 4'h./6/7 112/9V 
800ma £2.66. 

BATTERY ELIMINATOR KITS 100ma radio 
types with press-studs 4V,V £1.49, 6V £1 .49, 9V 
£1.49. 4V,Y+4VzV £1.92, 6+6V £1.92, 9 +9V 
£1.92. Stabilised 8-way types 314V,/617Vzl91 
12/15/18V 100ma £2.98. 1 Amp £6.81. 
Stabilised power kits 2-1 BV 1 OOma £2.98, 2-30V 
1A £7.40, 2-30V 2A £11.60. 12V car convertor 
6/7Y,/9V 1A £1.44. 

T-DEC AND CSC BREADBOARDS s-dec 
£4.05, I-dee £4.28, u-deca £4.69. u-decb £7.16. 
16 dil adaptor £2.31, exp4b £2.64, exp300 
£6.61, exp350 £3.62, exp325 £1.84. 

BI-PAK AUDIO MODULES s450 £24.03. 
AL60 £4.97. PA 100 £17.33. spmBO £4.57, 
bmtBO £6.08. Stereo 30£20.57. Al30 £4.04. 
PA12 £7.77, PS12 £1.42, MA60 £36.23. 

SWANLEY ELECTRONICS 
Dept. WW, 32 Golot.el R-d. Sw..,ley, Kent 

Post 30p extra, prices include VAT. Official and 
overseas orders welcome 

FORMERS 
SAME-DAY DESPATCH 

MAl~$ ISOLATOR .. _·_ V:Af15% 12 or 24-VOlT 
PRJ 120 or 240V Sec 1 20 or 24ov Separilte f2\Fwiilci'irigs Pri -220-240V 

_ ~entreTapped and Screened Ref Ampa £ PS.P 
Ref. VA (Watta) £ PS.P 12v 24v 
07* 20 4.84 ,gl 0 .5 0:25 

149 60 7.37 1.10 1.0 0.5 
150 100 8.38 1.31 2 1 
151 200 12.28 1.31 4 2 
152 250 14.61 1.73 5 2.5 
153 350 18.07 2.12 6 3 
154 500 22.52 2.47 8 4 
155 750 31.97 OA 10 5 
1 56 1000 40.92 OA 12 6 
157 1500 56.52 OA 16 8 
158 2000 89.99 OA 20 10 
1 59 3000 95.33 OA 30 1 5 
*11 5 or 240 sec only. State volts re- 60 30 
quired. Pri. 0.220-240V. 

RANGE Pri 220-240V Sec. 0-12-1 5-20-24-30V 

Pri 220-240V. Sec. 0-20-25-33-40-50V. 
Voltages available 5, 7, 8, 10. 13, 15. 
17, 20, 25, 30, 33, 40 or 20V-0-20V and 

Voltages available 3, 4, 5, 6, 8, 9, 10, 12, 15. 1 B. 
20, 24, 30Vor12V-0-12Vand 15V·0·1 ~V. 
Ref. Amps £ PS.P ' 
112 0.5 2.90 .90 

25V-0-25V Screened 79 1.0 3.93 1.10 R.it. Ampa-. __ £___ PS.P 3 2.0 6.35 1.10 
102 0.5 3.75 .90 20 3.0 6.82 1.31 
103 1.0 5.03 1.10 21 4.0 8.79 1.31 
104 2.0 7.88 1.31 51 5.0 10.86 1.52 
105 3.0 9.15 l.52 117 6 .0 12.29 1.67 
106 4.0 12.55 1.73 88 8.0 16.45 1.89 
107 6.0 16.57 1.89 89 10.0 18.98 1.8g 
118 8.0 22.29 2.39 90 12.0 21.09 2.24 
119 10.0 27.48 OA 91 15.0 24.16 2.39 
09 1 

Pri 220-240V 
Sec 0-24-30-40-48-60V. Voltages 

1 available 6, 8, 1 0, 12, 16, 1 8, 20 , 24, 
130, 36, 40, 48. 60V, or 24V-0-24V 

and 30V-0-30V 
----A~ · .-£ 

0.5 4.27 
1.0 6.50 
2.0 8.36 
3.0 12.10 
4.0 13.77 
5.0 17.42 
6.0 19.87 
8 .0 28.12 

10.0 . 32.55 

AVOS Mk. 5 
AV071 
AV073 
AVOMM5 MINOR 
WEE MEGGER £74.25 
TTl 69 (tests transistors 

in circuit) £39.53 
EM 272 316KQ IV £57.80 
DA116 Digital £108.90 
Meg9er BM7 (Battery) £51.76 

Avo Cases and Accessories 
£1.32 VAT 15'/o 

mA 
200 
lA, 1A 
100 

·Volta 
3-0-3 
0-6,0-6 
9-0-9 
0-9.0-9 
0-8-9, 0-8·9 
0-8-9, 0-8-9 
0-15.0-15 
12-0·12 -

' 0-20, 2-20 

330, 330 
500, 500 
lA, lA 
200,200 
50MA 
300, 300 
700 (DC) 
1A, lA 
500, 500 

20-1 2-0-1 2-20 
0-15-20, 0-1 5-20 

,lA 

Ref. VA (Watta) TAPS 
113 15 o-115-21o-i4ov 
64 75 0-115-21 0-240V 

4 1 50 0-11 5-200-220-240V 
67 500 .. .. 
69 250 
84 1000 
93 1500 
95 2000 
73 3000 
80s 4000 
57s 5000 

43mm x 43mm 82mm x 78mm 
0-50.,A . .. £6.20 0-50 .. A .. £6.70 
0-500.,A . £5.95 0-500 .. A . £6.70 

g:i~~ . . . : : ££55:9955 '· oo:31 omvA .. £6.70 
...... £6.70· 

VU Indicator Edge 54mm x 14mm ., a FS D . 
VU Panel Ind. 48 x 45mm, 250 .. a FDS . 

Carriage 76p VAT 15% 

U4315 Budget Meter 20Ku/V Rangers to 1 OOOV 
2.5A AC/ DC 500Ku. Res in steel case £15.85 P8tP 
£1.32. VAT 15%. 

NEW 
Pri 0-120; 0-100-1 20; (120v or 220-240v) Sec. 

--'~==--..,~..-.:.:.=-.=...,=--=..=...! 0-36-48 twice to give 72v or 92v. 
2A £13.l5 PP [1.40 4A £20.65 PP £2.11 
3A £16.17 PP £1.50 SA £29.30 PP £.2 .47 

METAL OXIDE RESISTORS 1/4W (Eiectrosil) 
24K · 470u- 560u- 1K- 1K8- 2K4- 1K1 · 270K · 
1 K6 - 82K- 20K- 820u - 16K- 180K - 390u - 3 K -
510u- 300K- 220K- 2K- lOOK- 22K- 130K · 47.K 
- 1 K2. £1.50 100. 

MAIN$ ADAPTORS 
MVA30. 6, 7.5, 9V at 300mA plugs direct into 
13A socket (fused). 4-way multi plug £4.00 
3300-3·6-9-12V at 300ma plug straight to 1 3A 
socket (fused) with multi plug £4.60 

15% VAT. 55p P&P 
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A Largest range of quality components in the U.K. - over 8,000 types stocked 

-~a rshall~s ~~=-~~~~~(~':!=~i:~~erto: Dept. W.W. 
Kingsgate House. Kingsgate Place 
London. NW& 4TA. Tel: 01-624 0805 
Tlx. 21442 

Retail sales London 40 Cr1cklewood Broadway, NW2 3ET Tel 01-452 0161/2 Also 325 Edgware Road , W2 Tel 01-723 4242 
Glasgow 85 West Regent Street, G2 2QD Tel 041-332 4133 and Bnstol 1 08A Stoke's Croft, Bnstol. Tel. 027 2 426801 

lllliiSISTIIIISifiillnoeoiocolaiiiOII Afl39 1'65 .75 LINEAR (see catalogue for full range) 
211696 IOD .39 2MI415 170 2.20 AFHZ P9l .70 CA3013 £1.15 Sl&IIJ: £2.75 Sl781011 £1.311 TWB3 
211697 170 .31 2111507 170 .35 AF118 1'64 1.311 CA3014 £2.211 SL611C £2.75 5111i011311 E3.DI TAA300 
21691 M70 .49 2111524 P54 .611 Afllli P65 .!15 CA3018 £0.75 Sl&lzt: £2.75 517tiOOIKE £1.15 TM521 
21169!1 170 .51 2111553 P66 1.511 AfZOO PZO 1.311 CA301U £1.111 Sl&ZIJ: £3.15 51160131 £2.114 TAA522 
2117116 110 .311 2111613 NTD .311 AfZOI PZO 1.311 CA3020 £2.20 SI.621C EU5 SI7601311D £1.72 TAA560 
ZI7116A 170 .30 2111637 PIO .72 AF239 P65 .70 CA3020A £2.511 SI.6Z3C £1.25 51TIOIIKE EI.M TAA&III 
2N71ll MID .311 2111638 P54 .711 AF240 P65 1.25 CA3021 £2.411 SUi30t £2.111 51760231 £2.115 TAA621 
211118 MID .311 2111111 MIO .311 AF279 P99 .D CA31122 £2.20 Sl64IJ: £4.411 517611Z311D £1.72 TA&IA 
211118A M70 .54 2111889 110 .30 AFZBO P9!l .95 CA3023 £2.211 SlfiiTC £4.411 5171103311 £3... TAA6811 
:~~ ~j~ 1:: ACI26 P54 .41 ~~ : ::;: =A ~:: ~~F m; =~::: ~::: TAA]gl 

£1.35 TUTIIO 
£3.711 TAAII30A 
£1.10 TAA!I3 .. 
£1.15 T8A120 
£11.41 T8A331 
£2.311 T8A341 
£2.511 T8A395 
£1.15 TBA311& 
£1.45 T8A4IIO 
£1.&5 T8U411 

£3.511 
£1.45 
£1.45 
£11.111 
ED.ID 
£a.t5 
£1.111 
EI.ZII 
£2.28 
£1.111 

2117Z2 P70 .45 ::g :: ::: AU113 P66 1.711 CA30218 £1.25 CA3019E £2.M 51161181 £1 .• 

:~~ :~~ :: ACI51 P54 .43 ~l~jt:/C ~~ ::: l-------------.... -~~~~:"::-:'~"'.:~:-:"---1 
:~~ :~ fs . ~l~ ~ : ~l~181c :~ :~ MARSHALL'S 1979/80 CATALOGUE 
~~n m :: AC116K 154 .711 ~~~~ ~ f. Ournewcataloguawillb .. vailableon0ctober12th,1979.60pages 

ACI76 M54 .54 8CY71 PID .2& of components and data. Introducing the Marshall's News 'Budget' :::; :~ :=: At
187 MS4 ·9 

BCY72 P71l .II CREDIT CARD, new praductl and past paid order form• are 
211918 M651 .45 ::~K : :: . acm PIO .711 included. 100's OF PRICES CUT. Available by post 65p or SOp to 
:::_ :~~ :~~ ~l:' : i~ :m: ~~~ :~ callers at any of our four branches. 
211930 N10 .37 1 45 8CY87 1101 5.35 MAIL ORDER 
ZII930A N10 .95 ::~ : 1:45 BCTII MIDI 3.!19 All prices are VAT inc . Telephone Credit Card orders.Access and 
~:ll~ ~~~ :: ADI49 P66 2.15 ~m :~~~ ~= Barclaycard. . ::: m 1: ::~ : u: :g~ : i: ~-_:D~u:,:e.:;·to~in:;;:cr~e,:as:;;;e;;;;d.,:;P;;,;ri:;;:ce;,;s;_;a;;,;n;;;;d.;,n;,;;~,;,;.;V.;,A,;.;T..;r.;,at•e..;p.le•a•s•e•a•dd-6•%•t•o•a•ll.;,p.n•c•es----t 
2MI303 P70 .Ill . ~:: : 

1
:: 80124 166 2.20 

21113114 NIO .80 AFI09 1'65 .12 80131 167 .55 TTL (see catalogue for full range) 
2M1305 P70 .80 AF114 pfi4 .711 80132 P67 .75 741.52421 
211306 N7D 1.110 Afl15 P64 .711 80135 167 .411 74LS2431 
211307 P10 1.1111 AF116 P64 .10 80136 P67 .411 74LSZ4411 
2111308 NID 1.10 AFI11 P64 .70 80137 Mfil .41 741.S24511 
2MI309 P70 1.10 AFIIB P64 .711 801:ll P67 .41 741.S2471 
2111370 P7D .55 Afl24 P20 111 80139 N61 .43 74lS2481 

~:: =~~ 1::: ::~ : :~ :::~ :~ 1:~ ~~~!: 
~-------~~~~~~~~------------~ ~:~~ 

COAXIAL CABLES 
Z.41 -U.H.F. (BANDS 1.V) 75 OHMS 16 p/m Z.45-V.H.F 
(BANDS 1.1 1 1) 750 OHMS 18 p/m 

141.S2581 
74LS2591 
74UZ61N 
74lS2681 

£1.25 
£1.25 
£1.541 
£1.65 
£1 .119 
£1 .119 
£1.119 
£1.1111 
£1 .1111 
£1.00 
£1.1111 
[1 .55 
£3.25 
£11.44 

741.S21311 £1.311 
74lS27511 £3.20 
74LS27911 £11.51 
14l.S28111 tl.&5 
141.52831 £1 .20 
141.SZB911 £3.74 
14LSZ!IIII EI.OO 
14l.S2931 £1.1111 
14LS29511 £1.35 
14LS2!11111 £1.35 
74LSZB911 £2.95 
74l.S3231 £3.511 
141.832411 £1.65 
14LS32511 £2.40 

14LS3281 £2.70 
741.S327N £2.55 
741.S341111 £1.10 
74lS35211 £1.117 
74LS353N £1.117 
141.$36511 £11.55 
74LS3681 £11.55 
7~1 £11.55 
74LS3681 £11.55 
74lS313N £11.15 
74LS37411 £11.15 
741.S37511 £11.66 
141.83711 £1.311 
741.8371111 £1.1111 

741.S3711 £1.25 
741.S38611 £11.44 
741.83!11111 £11 .• 
741.83!1311 Ell .• 
741.83!1511 [1 .50 
741.83!1811 £1.911 
74LS39911 £1.45 
741.54!1111 EII.M 
74lS61011 [1.90 
SMI4SOIII £11.77 
SI74S0311 £11.77 
SII4S0411 £11.94 
SI74S1111 £0.71 
SNI4S2111 £11:77 

SN74S4111 
517486411 
5174S6511 
s•74S1121 
SN74S1141 
SN74SI41111 
SN74S1511 
SN74SI88N 
SII4SIB911 
s•74S21l1111 

£11.77 
£11.77 
£11.71 
£1.7D 
£1.711 
£0.77 
£2.95 
£2.70 
£1.11 
£3.511 

POTENTIOMETERS-VOLUME CONTR~L.~ 95p ~s~~,;e~:~~~~l ~!::~r~ch ~ 
ROTARY POTENTIOMETERS All standard I• spondles All Log or Lm available 10 lhe 

35p 1) SINGLE LESS SWITCH follow1ng values 
Long spondle double w1per 5k 1 Ok 25k 
available 1n follow1ng values 50k 1 OOk 250k 

75p 2) SINGLE SWITCHED. . 500k 1 Meg 2Meg . -L_ _j 

V.H.F. FEEDER CABUS 
Z.50-U.H.F./ F.M. TWIN RIBBON FEEDER 300 OHMS 10p/m 

~:,~~~g:~~~AL- zy, AMPS ~~~~:SCHEENfiJ 
Z.25-FIGURE 8 RIB POLARISED 10p/m Z.I/Z.311CRDPIION£SINGl£1 

SH 0111111111or foil "1111 ~~~~~~~~-WAY 55ril•. 
As above but w1th 2 Pole Swttch 2 except type 1 not available 1n n111 

Amp 250V AC 1 Meg value . . 

VALVES- MULLARD 

~rfrmz ~ ~~ ~U~ 
£CCI2 EUI Ellli/802 £1.17 
ECC83 EUI &Y50 £2.17 
ECC84 £1.51 6Z34 £2.14 
II:C88 £2.15 PC86 £2.31 
fCFil £1.51 PC88 £2.31 
ECHM £2.75 PC97 £1.31 
£CliO £1.71 PCIID £2.43 
ECL8Z £1.71 I'C£84 £1.51 
ECllli £1.71 l!CCI5 £1.71 
EFI5 £1.17 pa:ag £1 .75 
9'183 £1.51 PCCIIIII £2.15 
8'184 £1.&2 1'1180 £1.51 
8.36 £2.111 PCf86 £1 .77 
ELM £I .311 PCF200 £2.77 

I'CfZOl 
PCIIDI 
PCIID2 
Ptf81ll 
PCHZOO 
PCl82 
PCI.83 
PQ.84 
PCU& 
PCI.BD5/85 
Pll510 
PFl200 
Pl.36 
1'1.13 
Pl84 
Pl.95 

£2.77 
£1.71 
£1.77 
£1.77 
£2.14 
£1.51 
£1.111 
EUI 
£1.711 
£1.111 
£4.48 
~25 
£2.31 
£2.17 
£1.71 
£1 .41 

1'1.504 £2.50 
1'1.5111 £2.17 
1'1.51111 £2.75 
1'1.511 ES.ts 
1'1.112 £3.11 
P'lllll £1.71 
" .. £1.51 
PYm' £2.41 
UCl82 tiM 
UCLI3 ti.M 
11.14 £1 .• 

TEST LEADS KIT PNIO. Complete luxury kit -curly leads, 
long reach prods, banana plug . pin p lug . Spade termtnal and 

croc clip. PRICE £3.50/SET . ~. · . . '. 

~ 
SIGNAL INJECTOR . Model SE250B. Unusually stable 
trou~e-shooter- for checking TV, Radio amp. etc . £&.30. 

~-~ 
TINNED COPPER WIRE. Available on 2oz .. reels in the 
following gauges: 
SW& Pttc:e SW& Price SW6 Price 
18 £11.!15 26 £11.60 32 £11.73 
22 £11.55 30 £11.15 36 £11.10 
MULTICORESOLDER- SAVBIT 1.2mm 
Approx . 13 . 7 metres of size 12 Savbit Solder. Ideal for Radio. 

~ TV and similar work. £2.28. 

CMOS {Ill oololagoolar loll r1111l 

Cll4000 £11.20 
C0411111B £11.20 
ID4002 £11.11 
Cll4lll6 £1.25 
C04007 £1.1 a 
Cll4ll1ll8 £11.91 
C0400Q £11.51 
CD4010 £11.51 
C041)118 £11.211 

&04012 £11.20 
CD40138 £11.52 
CIM014 £1.1111 
&04015 £11.75 
CD4ll16 £11.52 
&040118 £1.115 
&049188 £1.05 
&040 198 £11.52 
&04112111 £1.15 

&04021 £1.05 
CD40228 £1.1111 
W40238 £11.20 
CII4024B £11.7&" 
CIM0258 E11.2D 
ID4021B £11.55 
CD40218 £11.10 
W40298 £1.111 
CD4D30 £11.&4 

CD41131B £2.25 
CD4D348 £2.411 
&040358 £1.30 
Cl)4037 £1.20 
C1140,10 £1.12 
c04041B m• 
C11411428 £0 .• 
CII4D43 £1.05 
C04Il44 £1.110 

•11111 111111111111111 II 111111111111111111111111111111111111 UIIIJIIIIIUIU 111111111111111 II 11111111111111111111111111111111111111~ 

- -- -TRANSISTORISED 3cm RADAR AMPLIFIER SWITCH: with 24v waveguide 
: switch, .9 x 4cm ins. with crystal CV.2355 and spark gap VX.l046. £17.25 + 
• ~1.00 post. 
: INSULATION TEST SET 0 to 10 KV, negative earth, with Ionisation Amplifier, 
: 100/230 Volts. AC £48.87 + £3.45 carr. 
• MARCONI FREQUENCY METER 1026/4: 2000MHz 'as new' condition. £34.50 
: or secondhand condition £25.87. 
: 1026/2: 100-160MHz £34.50 'as new' or £25.87 secondhand. Carriage for all 
: types £J.OO. 
• TELEPRINTER TYPE 7B: Pageprinter 24v. DC power supply, speed 50 bauds 
: per min. S/hand good cond. (no parts broken) £23.00 or G.P.O. Model, as above 
: except motor 110/230v AC £28.75. Carriage either type £4.50. 
:.. AUTO TRANSFORMER: 230/ 115v. 50c/s, 1000 watts. Mounted in strong steel 
..: case 5" x 6W' x 7". Bitumen impregnated£13.80 + carriage £3.00. 
: ·cRYSTAL TEST SET TYPE 193: Used for checking crystals in freq. range 
: 3,000-lO,OOOkHz. Mains 230v 50hZ. Measures crystal current under oscillatory 
: conditions and the equivalent resistance. Crystal freq . can be tested in 
• conjunction with a freq. meter £28.75, carriage £3.00. 
: BC-221 FREQUENCY METER: 125-20,000kc/s complete with original 
: calibration charts £24.15 + carr. £3.00. 
: ANTENNA MAST 36ft: Aluminium base dia. 3" tapering to 2" at top. Complete 
• red hazard lights, guys, etc. Approx. weight 3 tons. £115 + carriage £10.00. 
: ADVANCE PLUG-IN UNIT. Sweep delay time base TG 10287 £80.50 + £2.00 
: post. 
: FIELD FLUID SAMPLING SET TYPE TP/SKP/10,000 with thermal control 
• milliporer oil sampling kit £132.25 + carr. £4.00. 
: RING TOROIDAL DUST CORES: Size 21J2" outside, P.4" inside, 5/16" thick. 
: Box of two £1.15 + 40p post. 
: ROTARY INVERTER TYPE PE-218E: Input 24-28v. DC 80 amps, 4,800rpm. 
• Output llv. AC 13 amp 400c/s. 1Ph. P .F .9. £23.00 + £4.00 carr. 
: R.F. POWER RADIATION METER CT.477. Covering X, Sand L bands, £132.25 
: + carr. £4.00. 
: RECTIFIER UNIT: 200-250v AC input, 24v. DC at 26 amps output continuous 
• rating. £40.25 + carr, £5.00 
: MARCONI PLUG-IN TIME BASE UNIT TM6967 £54. 
: ROTARY CONVERTER: 24v DC input, 230v Ac, 100 watts output. £28.75 + 
: carr. £4.00. · 
: TELEGRAPH DISTORTION TEST SET (TYPES 5CBV and 5BV) 230v. AC 
• £28.75 + carr. £3.50. 

OXYGEN BO'ITLE 1800Jb. w .p. £11.50 + carr. £3 .00. : 
NOISE SOURCE UNIT with CV.1881 noise source mount. Produces thermal • 
noise 15.5dB 200/250v. AC £80.50. . • 
LOW SPEED TAPE COMPARATOR (Datronic) %"tape, £46.00 ·+ £5 carr. : 
MUIRHEAD D514 T.M.S.: 12v. DC or 100-250v. AC volts input. Range : 
100-40,000Hz. £17.25 + carr. £4.50. . . : 
AUTOTUTOR MARK II: (Viewer Training Aid) 230v. AC. Designed for use m : 
intrinsic programming method, info stored on microfilm and projected • 
through optical system onto viewing screen. £132.25. · : 
STORNO TRANSMITTER COF. 632. 250v. AC 79-450 MHz Tx only base : 
station. £172.50. : 
HS33 HEADSET. Low Imp. £5.35 + 75p post. • 
MARCONI UNIVERSAL BRIDGE. Type TF868 £92.00 + carr. £4.00. : 
MUIRHEAD DECADE OSCILLATOR TYPE 8900:£92.00 +carr. £5.00. : 
SIEMENS POWER METER REL3U/84/ Alb: 0-12kmHz lmw 500mw 6 ranges. : 
0.17dB 50 ohms, e2.00 + carr. £3.00. • 
CV.1596 CATHODE RAY TUBE: (09D, 09G), 4" screen, green electrostatic : 
base Bl2B, HT1200 volts, heater 4 volts £11.50. : 
RADAR RECEIVING ANTENNA TYPE X443 Mk.D: Suitable for detecting : 
signals on X, K, J and Q bands. 9gHz-60gHz. Complete with waveguide horns, • 
associated crystals. Transistorised amplifier and geared motor, etc. £143.75. : 
Carriage approx. £5.00. - : 
VACUUM & PRESSURE SEAL TEST EQUIPMENT: Complete with 2 X 4" : 
gauges indicating 0-20Jbs p.s.i. 0-30Jbs vacuum. With stand, hand pump, etc. • 
£34.50 + £4.00 carr. : --~~------------~------------------------------------, : 

BARGAIN MAPS 
Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. 

including:-
ONC-El- U.K. in full and part N.W. Europe. Scale 1:1,000.000. 
JNC-9N- N. Europe, U.K .. Scandinavia. Scale 1:2 .000.000. 
JN -21N - Europe (Mediterranean). Scale 1:2,000,000. . 
S!ZE: 58" x 42". colour. Many others. Please send S.A.E. for list. 

Price each 70p ( inc . p + p) 
~5 x Maps (either same type OR assorted) £10.00 -'- £1 .00 p + p. . 

10 x Maps (either same type OR assorted) £6.00 (me. P-'- p). 

-----.. ---
: RESONATOR PERFORMANCE CTC.424 8.5 to 9.0 kmc/s 3 em £80.50 + post 
: £2.00. All prices include VAT at 15% 
- • INVERTER 24v. DC input 400 cycles lpH 6600 r.p.m. zoov. peak. £8.05 + £2.00 Carriage quotes given are lor 50-mile radius of Herts. -
: post. · : 

- -- -- -E w · · 'The Maltings, Station Road To avoid disappointment please telephone to arrange E : M. -- ILLS SAWBRIDGEWORTH, Herts. appointment if wishing to view equipment : 
E · ·· • · Tel: Bishop's Stortford (0279) 725872 5 
;IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~ 
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ROHDE & SCHWARZ. 
.TV Demodulator. AMF. 55-90MHz 
Selective UHF V /Meter. Bands 4 &. 5. USVF 
Selectomat Voltmeter USWV. £450. 
UHF Sig. Gen type SDR 0.3-1 GHz. £750. 
UHF Signal Generator SCH . £175. 
Polyskop SWOB I. £450. 
Videoskop SWOF with sideband adapter. 
Modulator/Demodulator BN17950/2. 

·Video Test Signal Generator type SPF. 
UHF Sig. Gen. type SCR. 1-1 . 9G Hz. 

MARCONI 
TF2360R 1V Transmitter Sideband Analyser. 
TM6936R UHF Converter for above. 
TF11 01 RC oscillators £65. 
TF1 099 20M Hz sweep generator. 
TF1 041 8 Valve Voltmeter £65. 
TF1152A/ 1. Power meter. 25W. 500MHz. £75. 
TF1020A Power Meter. 100W. 250MHz. £85. 
TF890A/1 RF Test Set. £395 
TF 1400 Pulse Generator £65. 
TF675F Pulse Generator: 
TF1066 AM/FM Signal Generator. £550. 
TF 801 B/3S Signal Generator £175. 

AIRMEC Display oscilloscope. 4 beam . 
AlRMEC 314A Voltmeter. 300mV(FSD)-300V. 
BRANDENBURG EHT Generator. 50KV. 1 rnA. 
DERRITRON 1 KW Power Amplifier with control equipment fo1 
vibration testing etc. 
GAUMONT KALEE Flutter Meter 
GERTSCH Frequency Meter and Dev Meter. 20-1000MHz. 
£350. 
HEWLETI PACKARD 302A Wave Analyser 
HEWLETT PACKARD 695A Sweep Oscillator £350. 

.._ _____ __:. ___________ --; BOONTON 202H AM I FM Signal Generator 

·BECKMAN TURNS COUNTER DIALS 
Miniature type (22mm diam.). Counting up to 
15 turn "Helipots." Brand new with mounting 
instructions. Only £2.50 each. 
Wandel & Gotterman Equipment 
Level Meter 0.2-1600KHz 
Levfi!l Oscillator 0 . 2-1600KHz 
Level Transmitter 0 .3-1350KHz 
Carrier Frequency Level Meter 

BOONTON Model80 Sig. Gen . 2-400MHz £95. 
RACAL type 801 R. 1 OOmHz Digital ~requency Counter 
TELETYPE KSR ." One remaining. ' 
SOLARTRON LM1420.2 . DVM . 6 ranges to 1 KV. 
MUIRHEAD type K-134-A Wave Analyser. Portable . 
RADIOMETER AFM/ 1. Dev/Mod Meter. 3.5-320MHz. £185. 
TAYLOR Modei62AAM/FM Signal Generators . £85. 
WEINSHEL Power supply Modulator type M03 . 
BRUEL & KJOER type 1 504 Deviation Bridge 
BRUEL & KJOER Vibration equipment 1018 . 

1--------------------{ BRUEL & KJOER Frequency analyser 21 05 
ADVANCE CONSTANT VOLTAGE BRUEL & KJOER Microphone amplifier 2603 £195. 
TRANSFORMERS BRUEL & KJOER Type 3301 Automatic frequency response 
Input 190-260V AC. Output constant recorder 200Hz. £750. 
220 Volts . 250W. £25. (£2 carriage) MUIRHEAD-PAMETRADA D48gEM Wave Analyser 

1:---------------------4 TEKTRONIX 555 scope with plug-ins types CA (2 off), 21, 22 
PYE RESISTANCE BOXES TEKTRONIX 51 5A Oscilloscope 
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DC POWE~ SUPPLIES 

'APT 10459/8 12-14V. 5 Amps. £25. (+£1.pp). 
'APT 104,59/8. 24V. 5Amps. £25, (+£1 .pp). · 
'APT Your voltage requirements from 6V to 36V. @ 5 
Amps. £25. (+£1.pp). 
' Mullard . Dual supplies. Brand new with handbook. Pos 
&. Neg 12V. at 1Aand 0.4A resp. Dims 9x4x5"in . £10. 
{+£1 .pp). . 
'LAM BOA Brand new with book. 5V.4A. 
(11 O.AC Input though, so) ONLY £10. (+£1 .pp) . 
'FARNELL. Current limited .·Dimensions 7x5x4in . 
Following range available : 
5 Volts@ 3 Amps . 13-17 Volts@ 2 Amps. 
30 Volts@ 1 Amp. Price only £15. (+ £1 .pp). 
All the above power supply units are 230V.AC input 
(except Lambda type) and are stabilised and regulated 
and fused . All are fully tested before despatch and 
guaranteed in first class order throughout. As with all our 
equ ipment, there is a money back guarantee . 

MODULATION METERS 

AIRMEC :210 3-300MHz. AM/FM. 
RADIOMETERAFM/1 3.5-320MHz. AM/FM. 
RACAL409 3-600MHz. AM/FM . 

'CENTAUR: INSTRUMENT COOLING FANS 
Made by Rotron Holland. These are very high 
quality, quiet running fans, specially designed 
for the' cooling of all types of electronic equip­
ment. Measures 4.5x4 .5x1.5in . 115VAC. 11 
Watts. The list price of· these is over £1 0 each . 
Also 230V. AC available. 15V. £4.50. 
(postage 25p) . 230V £5. 

5 decade resistance boxes measuring from TEKTRONIX 545 main frames . £210. Choice of plug-in units 
11.1 11 ohm to 0.001 ohm .... .. . . . £20 extra 1-----------....,---------t 

1--------------------l TEKTRONIX 585A oscilloscope with '82' P.l. DC-80MHz 
LABORATORY OVENS.- Gallenkamp, 3 cu. NOTICE. All the pre-owned equipment shown has been 
ft. £145. Also Morgan Grundy 1 cu. ft. £55. carefully tested in our workshop· and reconditioned where Finger guards fo~ above - 50p each. Also 

small type Papst fans as above measuring 
8x8x3.8 ems. 26 cu . ft/min. 11 OV only £4.00 
(PP 25p). AS price for all these fans are now 
around £12.50 each!!! 

20-WAY JACK SOCKET STRIPS. 3 pole necessary . It is sold in first-class operational condition and most 
type with two normally closed contacts. £2.50 items carry our three months' guarantee . Calibration and 
each (+25p pp). Type 316 three pole plugs for certificates can be arranged at cost. Overseas enquiries 

· above- 20p ea. (pp free). welcome. PLEASE ADD 15% VAT TO ALL PRICES. 

10 OUTLET 
DISTRIBUTION 
AMPLIFIER 2 

One floating input, 1 0 independent floating outputs 
at 600 Ohms for general studio work or feeding 
multiple· slave po amplifiers. Electronic input circuit 
which withstands mains or static voltages on the 
signal lines. 
Total H--"<: Diatorlion, all outputs loaded, at 
+16dBV.7. 
1kHz -80dB, 0.0-1% 
100Hz-20kHz -76dB, 0.015% 

. Stodc l-ad.._ D'-'lon, 50Hz + 7kHz. 
Output +12dBV.7 -86dB, 0.005% . 
The unit meets the IBA "signal poth" specifications 
and is available as a complete unit or as a set of all 
per1S excluding the case and XLR connectors. 

STEREO DISC AMPLIFIER 2 
SUPERLATIVE PERFORMANCE FOR BROADCAS· 
TING, DISC MONITORING AND TRANSFER. Mag­
netic cartridge to balanced lines with HF and LF 
filtering. Mains powered. Meets IBA specification. 
Specifications August advertisement. 

PEAK PROGRAMME 
METERS Meet IEC268-10A, BS542B 
PPM2 Standard performance drive circuit under 

' licence from the BBC. Reviewed Studio Sound, 
September, 1976. Emest Turner meter movements 
640, 642, 643 and TWIN stocked. 

+ 5Hz SHIFT CIRCUIT BOARDS 
AS WW JULY 1973 ARTICLE but 
improved noise level,_ lower distortion, 
adjustment free oscillator and ic sockets: 
Mark3. 
Small enough to be built inside the cabinets of many 
amplifiers. . including 
Cciltlllllll khMIIoarH34 PSU & main$ DESIGNER 
Bo .. d 111111•1 101111£44 tntnsfotmer APPROVED 

SURREY ELECTRONICS 
n. Forge, Luc:b o.-.. Cranleigh 
Soafty, OUI 780 Tel: 04888 5117 

CASH WITH ORDER less 5% 
Ul< ADDVAT 5% 

COMPUTER APPRECIATION 

ORGAN and PIANO 
KEYBOARDS 

Price 
inc. VAT 

4-0ctave C-C £32.20 
5-0ctave C-C £34.50 
5-0ctave. F-F £34.50 
6-0ctave C-C £36.80 

DALSTON ELECTRONICS 
40a Dalston Lane~ Dalston Junction 
London, ES 2AZ Tel: 01-249 5624 

P&P 

£2.75 
£2.75 
£2.75 
£3.00 

86 High Street, Bletchingley, Redhill, Surrey R H 1 4PA. Tet Godstone (0883) 843221 
POP 11/03 SYSTEM with 64K bytes, REV11A bo~tstrap, O~V 11J quad serial I/O. twin RI<06 compatible 
disc drive$ with a cqmblned I'&P!'~ity of 5 mbyte~. DIABLO Model 1620 HyTyp~ llt~rminal. Much pfthis system 
1o BRAND NEW and dated t 979. £8750.1)0, 

::.~r~s:.~:!"!!~;:r::~~~~·T~ti~~~=~;~;~~~~~~~t~:~t~::;rd r;~~a; 0a0~ ·~~~·b~~~ll~ ~4ot~~ 
IX>rr<;t;pOndence.qUillity 1/0 typewnter. GNT paper tepe reader 1 punch, and twin dig1tal _cassene tape ~nits with 
LED address readout. Some commercial and WQrd-processing software is included w1th about 50 cassettes. 
Immaculate condition. £515.00, 
PDP 8/ M 4K ~· DPD 8/ E oeries machine with reduced co0trol panel and bQotstrap ROM , £3110,00. 
GENERAL AUTOMATION model SPC 18 minicomputer with 16K byte core, and TTY interface. Full 
manuals. £215.00. 
HAZELTINE Model 1200 VDU tenninel, BRAND NEW. With 960 ch . display and RS232 interface. 
£250.00. 
TELETYPI! Moct.l ASR ~3. Fully ref11rbished machines always available flom stock. £350-£426. 
tELEtYPE Model KBR 33. Various options available ai £150.00. 
OLIVIi'rTI Moclel 321 t....,IMI. Correspondence-quality t~rminal with 20 rnA Interface arid reader I punch. 
ASCII cOded . £2110-£3110. · 
~~::.:'~~\~~lr,t~:5~.180 ops with keyboard and RS232 in terface £725.00. 
I>I!RtEC Moilelll40-1·25 .9~track P.E. tape drive, £.475.00. . . 
PI!RTEC MocWIIM0-7&-26 7-track tape drive with NOVA cdhtroller, BRAND NEW: £485.00. 
FLEXOWRitilR Model 2~Cn nl E. IA code w1th tape reader and punch and aux . tape read~r . Suitable for use 
as word processor. terminal. d~ f<>r _N I C taP. preparation. £_350.00. 
SPERRY-REMII"'GTON Word Processi>r comprising IBM gollball typewriter and twin tape casselte drives. 
£550.00. 

SAGIEM Rec;eive Only taleprinter, BaudQt·coded. £35.00. 
O~IIILO Mosie! 31 high-llensity (2 .5 mbyte) cartridge (lise drives now availabla. These are directly compatible 
with the DIGITAL Rl<05 and will cable directly to most RK 11 type controllers for PDP /LSI II. Fi~ed and 
romovable both ~vailable at £495.00 and £150.00 reepectively. 
DIABLO Model21 2.5 mbyte fixod disc drive. Compatible with both Series 30 and 40 drives, and suitable lor 
POP 11, LSI1 1 .filtc . Tw.:> only available. Almost unused. £385.00. 
VERMONT Model 1004-Se Memory Drum. £1&0.00. 
UNIT DATA in~rementel magtape recc;>rder/ reproducer. £85.00, 

~~~~~~~';:."~~:r~x0~Fn~~~!~~~~R~~~~=~~~~~:.·:ieally isolated RS232 input, M width poper 
Baudot-codod. £t 50.00. · 
CDC Model CB101 comact CARD READER with LED diagnostic readout. eta. £2&0.110. 
CDC Floppy Disc drive with associated microprocessor. membry and RS 23 2 I I 0. P .O.A. 
ICL Model240 high-speed (250 cps) optical tape readat. £68.00. 
ELUOTT 250 cps tape reader. _As above, but previous model. £38.00. 
DISCOLL high-speed tape cop1er comprising BRPE 110 punch and alectro-rllechsnical reader. Cbpies at I 10 

ti:t~~~~::'ieader/punch unit. Incorporat ing 40 cps Model 40 reader and 20 cps punch in compact lree 
stand.ing unit . With solenoid pSu. £48.00. . 
WEIR Model DTM 100 digital rflultimeter /frequency counter with 3'/i digit LEO display . NEW. £50.00. 
* Many other items available, please enquire * Equipment lNSnled for cash 
1c VAT and Carriage extra, all items 
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A Largest range of quality components in the U.K. - over 8,000 types stocked 

-~a rshall~s ~~=-~~~~~(~':!=~i:~~erto: Dept. W.W. 
Kingsgate House. Kingsgate Place 
London. NW& 4TA. Tel: 01-624 0805 
Tlx. 21442 

Retail sales London 40 Cr1cklewood Broadway, NW2 3ET Tel 01-452 0161/2 Also 325 Edgware Road , W2 Tel 01-723 4242 
Glasgow 85 West Regent Street, G2 2QD Tel 041-332 4133 and Bnstol 1 08A Stoke's Croft, Bnstol. Tel. 027 2 426801 

lllliiSISTIIIISifiillnoeoiocolaiiiOII Afl39 1'65 .75 LINEAR (see catalogue for full range) 
211696 IOD .39 2MI415 170 2.20 AFHZ P9l .70 CA3013 £1.15 Sl&IIJ: £2.75 Sl781011 £1.311 TWB3 
211697 170 .31 2111507 170 .35 AF118 1'64 1.311 CA3014 £2.211 SL611C £2.75 5111i011311 E3.DI TAA300 
21691 M70 .49 2111524 P54 .611 Afllli P65 .!15 CA3018 £0.75 Sl&lzt: £2.75 517tiOOIKE £1.15 TM521 
21169!1 170 .51 2111553 P66 1.511 AfZOO PZO 1.311 CA301U £1.111 Sl&ZIJ: £3.15 51160131 £2.114 TAA522 
2117116 110 .311 2111613 NTD .311 AfZOI PZO 1.311 CA3020 £2.20 SI.621C EU5 SI7601311D £1.72 TAA560 
ZI7116A 170 .30 2111637 PIO .72 AF239 P65 .70 CA3020A £2.511 SI.6Z3C £1.25 51TIOIIKE EI.M TAA&III 
2N71ll MID .311 2111638 P54 .711 AF240 P65 1.25 CA3021 £2.411 SUi30t £2.111 51760231 £2.115 TAA621 
211118 MID .311 2111111 MIO .311 AF279 P99 .D CA31122 £2.20 Sl64IJ: £4.411 517611Z311D £1.72 TA&IA 
211118A M70 .54 2111889 110 .30 AFZBO P9!l .95 CA3023 £2.211 SlfiiTC £4.411 5171103311 £3... TAA6811 
:~~ ~j~ 1:: ACI26 P54 .41 ~~ : ::;: =A ~:: ~~F m; =~::: ~::: TAA]gl 

£1.35 TUTIIO 
£3.711 TAAII30A 
£1.10 TAA!I3 .. 
£1.15 T8A120 
£11.41 T8A331 
£2.311 T8A341 
£2.511 T8A395 
£1.15 TBA311& 
£1.45 T8A4IIO 
£1.&5 T8U411 

£3.511 
£1.45 
£1.45 
£11.111 
ED.ID 
£a.t5 
£1.111 
EI.ZII 
£2.28 
£1.111 

2117Z2 P70 .45 ::g :: ::: AU113 P66 1.711 CA30218 £1.25 CA3019E £2.M 51161181 £1 .• 

:~~ :~~ :: ACI51 P54 .43 ~l~jt:/C ~~ ::: l-------------.... -~~~~:"::-:'~"'.:~:-:"---1 
:~~ :~ fs . ~l~ ~ : ~l~181c :~ :~ MARSHALL'S 1979/80 CATALOGUE 
~~n m :: AC116K 154 .711 ~~~~ ~ f. Ournewcataloguawillb .. vailableon0ctober12th,1979.60pages 

ACI76 M54 .54 8CY71 PID .2& of components and data. Introducing the Marshall's News 'Budget' :::; :~ :=: At
187 MS4 ·9 

BCY72 P71l .II CREDIT CARD, new praductl and past paid order form• are 
211918 M651 .45 ::~K : :: . acm PIO .711 included. 100's OF PRICES CUT. Available by post 65p or SOp to 
:::_ :~~ :~~ ~l:' : i~ :m: ~~~ :~ callers at any of our four branches. 
211930 N10 .37 1 45 8CY87 1101 5.35 MAIL ORDER 
ZII930A N10 .95 ::~ : 1:45 BCTII MIDI 3.!19 All prices are VAT inc . Telephone Credit Card orders.Access and 
~:ll~ ~~~ :: ADI49 P66 2.15 ~m :~~~ ~= Barclaycard. . ::: m 1: ::~ : u: :g~ : i: ~-_:D~u:,:e.:;·to~in:;;:cr~e,:as:;;;e;;;;d.,:;P;;,;ri:;;:ce;,;s;_;a;;,;n;;;;d.;,n;,;;~,;,;.;V.;,A,;.;T..;r.;,at•e..;p.le•a•s•e•a•dd-6•%•t•o•a•ll.;,p.n•c•es----t 
2MI303 P70 .Ill . ~:: : 

1
:: 80124 166 2.20 

21113114 NIO .80 AFI09 1'65 .12 80131 167 .55 TTL (see catalogue for full range) 
2M1305 P70 .80 AF114 pfi4 .711 80132 P67 .75 741.52421 
211306 N7D 1.110 Afl15 P64 .711 80135 167 .411 74LS2431 
211307 P10 1.1111 AF116 P64 .10 80136 P67 .411 74LSZ4411 
2111308 NID 1.10 AFI11 P64 .70 80137 Mfil .41 741.S24511 
2MI309 P70 1.10 AFIIB P64 .711 801:ll P67 .41 741.S2471 
2111370 P7D .55 Afl24 P20 111 80139 N61 .43 74lS2481 

~:: =~~ 1::: ::~ : :~ :::~ :~ 1:~ ~~~!: 
~-------~~~~~~~~------------~ ~:~~ 

COAXIAL CABLES 
Z.41 -U.H.F. (BANDS 1.V) 75 OHMS 16 p/m Z.45-V.H.F 
(BANDS 1.1 1 1) 750 OHMS 18 p/m 

141.S2581 
74LS2591 
74UZ61N 
74lS2681 

£1.25 
£1.25 
£1.541 
£1.65 
£1 .119 
£1 .119 
£1.119 
£1.1111 
£1 .1111 
£1.00 
£1.1111 
[1 .55 
£3.25 
£11.44 

741.S21311 £1.311 
74lS27511 £3.20 
74LS27911 £11.51 
14l.S28111 tl.&5 
141.52831 £1 .20 
141.SZB911 £3.74 
14LSZ!IIII EI.OO 
14l.S2931 £1.1111 
14LS29511 £1.35 
14LS2!11111 £1.35 
74LSZB911 £2.95 
74l.S3231 £3.511 
141.832411 £1.65 
14LS32511 £2.40 

14LS3281 £2.70 
741.S327N £2.55 
741.S341111 £1.10 
74lS35211 £1.117 
74LS353N £1.117 
141.$36511 £11.55 
74LS3681 £11.55 
7~1 £11.55 
74LS3681 £11.55 
74lS313N £11.15 
74LS37411 £11.15 
741.S37511 £11.66 
141.83711 £1.311 
741.8371111 £1.1111 

741.S3711 £1.25 
741.S38611 £11.44 
741.83!11111 £11 .• 
741.83!1311 Ell .• 
741.83!1511 [1 .50 
741.83!1811 £1.911 
74LS39911 £1.45 
741.54!1111 EII.M 
74lS61011 [1.90 
SMI4SOIII £11.77 
SI74S0311 £11.77 
SII4S0411 £11.94 
SI74S1111 £0.71 
SNI4S2111 £11:77 

SN74S4111 
517486411 
5174S6511 
s•74S1121 
SN74S1141 
SN74SI41111 
SN74S1511 
SN74SI88N 
SII4SIB911 
s•74S21l1111 

£11.77 
£11.77 
£11.71 
£1.7D 
£1.711 
£0.77 
£2.95 
£2.70 
£1.11 
£3.511 

POTENTIOMETERS-VOLUME CONTR~L.~ 95p ~s~~,;e~:~~~~l ~!::~r~ch ~ 
ROTARY POTENTIOMETERS All standard I• spondles All Log or Lm available 10 lhe 

35p 1) SINGLE LESS SWITCH follow1ng values 
Long spondle double w1per 5k 1 Ok 25k 
available 1n follow1ng values 50k 1 OOk 250k 

75p 2) SINGLE SWITCHED. . 500k 1 Meg 2Meg . -L_ _j 

V.H.F. FEEDER CABUS 
Z.50-U.H.F./ F.M. TWIN RIBBON FEEDER 300 OHMS 10p/m 

~:,~~~g:~~~AL- zy, AMPS ~~~~:SCHEENfiJ 
Z.25-FIGURE 8 RIB POLARISED 10p/m Z.I/Z.311CRDPIION£SINGl£1 

SH 0111111111or foil "1111 ~~~~~~~~-WAY 55ril•. 
As above but w1th 2 Pole Swttch 2 except type 1 not available 1n n111 

Amp 250V AC 1 Meg value . . 

VALVES- MULLARD 

~rfrmz ~ ~~ ~U~ 
£CCI2 EUI Ellli/802 £1.17 
ECC83 EUI &Y50 £2.17 
ECC84 £1.51 6Z34 £2.14 
II:C88 £2.15 PC86 £2.31 
fCFil £1.51 PC88 £2.31 
ECHM £2.75 PC97 £1.31 
£CliO £1.71 PCIID £2.43 
ECL8Z £1.71 I'C£84 £1.51 
ECllli £1.71 l!CCI5 £1.71 
EFI5 £1.17 pa:ag £1 .75 
9'183 £1.51 PCCIIIII £2.15 
8'184 £1.&2 1'1180 £1.51 
8.36 £2.111 PCf86 £1 .77 
ELM £I .311 PCF200 £2.77 

I'CfZOl 
PCIIDI 
PCIID2 
Ptf81ll 
PCHZOO 
PCl82 
PCI.83 
PQ.84 
PCU& 
PCI.BD5/85 
Pll510 
PFl200 
Pl.36 
1'1.13 
Pl84 
Pl.95 

£2.77 
£1.71 
£1.77 
£1.77 
£2.14 
£1.51 
£1.111 
EUI 
£1.711 
£1.111 
£4.48 
~25 
£2.31 
£2.17 
£1.71 
£1 .41 

1'1.504 £2.50 
1'1.5111 £2.17 
1'1.51111 £2.75 
1'1.511 ES.ts 
1'1.112 £3.11 
P'lllll £1.71 
" .. £1.51 
PYm' £2.41 
UCl82 tiM 
UCLI3 ti.M 
11.14 £1 .• 

TEST LEADS KIT PNIO. Complete luxury kit -curly leads, 
long reach prods, banana plug . pin p lug . Spade termtnal and 

croc clip. PRICE £3.50/SET . ~. · . . '. 

~ 
SIGNAL INJECTOR . Model SE250B. Unusually stable 
trou~e-shooter- for checking TV, Radio amp. etc . £&.30. 

~-~ 
TINNED COPPER WIRE. Available on 2oz .. reels in the 
following gauges: 
SW& Pttc:e SW& Price SW6 Price 
18 £11.!15 26 £11.60 32 £11.73 
22 £11.55 30 £11.15 36 £11.10 
MULTICORESOLDER- SAVBIT 1.2mm 
Approx . 13 . 7 metres of size 12 Savbit Solder. Ideal for Radio. 

~ TV and similar work. £2.28. 

CMOS {Ill oololagoolar loll r1111l 

Cll4000 £11.20 
C0411111B £11.20 
ID4002 £11.11 
Cll4lll6 £1.25 
C04007 £1.1 a 
Cll4ll1ll8 £11.91 
C0400Q £11.51 
CD4010 £11.51 
C041)118 £11.211 

&04012 £11.20 
CD40138 £11.52 
CIM014 £1.1111 
&04015 £11.75 
CD4ll16 £11.52 
&040118 £1.115 
&049188 £1.05 
&040 198 £11.52 
&04112111 £1.15 

&04021 £1.05 
CD40228 £1.1111 
W40238 £11.20 
CII4024B £11.7&" 
CIM0258 E11.2D 
ID4021B £11.55 
CD40218 £11.10 
W40298 £1.111 
CD4D30 £11.&4 

CD41131B £2.25 
CD4D348 £2.411 
&040358 £1.30 
Cl)4037 £1.20 
C1140,10 £1.12 
c04041B m• 
C11411428 £0 .• 
CII4D43 £1.05 
C04Il44 £1.110 
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- -- -TRANSISTORISED 3cm RADAR AMPLIFIER SWITCH: with 24v waveguide 
: switch, .9 x 4cm ins. with crystal CV.2355 and spark gap VX.l046. £17.25 + 
• ~1.00 post. 
: INSULATION TEST SET 0 to 10 KV, negative earth, with Ionisation Amplifier, 
: 100/230 Volts. AC £48.87 + £3.45 carr. 
• MARCONI FREQUENCY METER 1026/4: 2000MHz 'as new' condition. £34.50 
: or secondhand condition £25.87. 
: 1026/2: 100-160MHz £34.50 'as new' or £25.87 secondhand. Carriage for all 
: types £J.OO. 
• TELEPRINTER TYPE 7B: Pageprinter 24v. DC power supply, speed 50 bauds 
: per min. S/hand good cond. (no parts broken) £23.00 or G.P.O. Model, as above 
: except motor 110/230v AC £28.75. Carriage either type £4.50. 
:.. AUTO TRANSFORMER: 230/ 115v. 50c/s, 1000 watts. Mounted in strong steel 
..: case 5" x 6W' x 7". Bitumen impregnated£13.80 + carriage £3.00. 
: ·cRYSTAL TEST SET TYPE 193: Used for checking crystals in freq. range 
: 3,000-lO,OOOkHz. Mains 230v 50hZ. Measures crystal current under oscillatory 
: conditions and the equivalent resistance. Crystal freq . can be tested in 
• conjunction with a freq. meter £28.75, carriage £3.00. 
: BC-221 FREQUENCY METER: 125-20,000kc/s complete with original 
: calibration charts £24.15 + carr. £3.00. 
: ANTENNA MAST 36ft: Aluminium base dia. 3" tapering to 2" at top. Complete 
• red hazard lights, guys, etc. Approx. weight 3 tons. £115 + carriage £10.00. 
: ADVANCE PLUG-IN UNIT. Sweep delay time base TG 10287 £80.50 + £2.00 
: post. 
: FIELD FLUID SAMPLING SET TYPE TP/SKP/10,000 with thermal control 
• milliporer oil sampling kit £132.25 + carr. £4.00. 
: RING TOROIDAL DUST CORES: Size 21J2" outside, P.4" inside, 5/16" thick. 
: Box of two £1.15 + 40p post. 
: ROTARY INVERTER TYPE PE-218E: Input 24-28v. DC 80 amps, 4,800rpm. 
• Output llv. AC 13 amp 400c/s. 1Ph. P .F .9. £23.00 + £4.00 carr. 
: R.F. POWER RADIATION METER CT.477. Covering X, Sand L bands, £132.25 
: + carr. £4.00. 
: RECTIFIER UNIT: 200-250v AC input, 24v. DC at 26 amps output continuous 
• rating. £40.25 + carr, £5.00 
: MARCONI PLUG-IN TIME BASE UNIT TM6967 £54. 
: ROTARY CONVERTER: 24v DC input, 230v Ac, 100 watts output. £28.75 + 
: carr. £4.00. · 
: TELEGRAPH DISTORTION TEST SET (TYPES 5CBV and 5BV) 230v. AC 
• £28.75 + carr. £3.50. 

OXYGEN BO'ITLE 1800Jb. w .p. £11.50 + carr. £3 .00. : 
NOISE SOURCE UNIT with CV.1881 noise source mount. Produces thermal • 
noise 15.5dB 200/250v. AC £80.50. . • 
LOW SPEED TAPE COMPARATOR (Datronic) %"tape, £46.00 ·+ £5 carr. : 
MUIRHEAD D514 T.M.S.: 12v. DC or 100-250v. AC volts input. Range : 
100-40,000Hz. £17.25 + carr. £4.50. . . : 
AUTOTUTOR MARK II: (Viewer Training Aid) 230v. AC. Designed for use m : 
intrinsic programming method, info stored on microfilm and projected • 
through optical system onto viewing screen. £132.25. · : 
STORNO TRANSMITTER COF. 632. 250v. AC 79-450 MHz Tx only base : 
station. £172.50. : 
HS33 HEADSET. Low Imp. £5.35 + 75p post. • 
MARCONI UNIVERSAL BRIDGE. Type TF868 £92.00 + carr. £4.00. : 
MUIRHEAD DECADE OSCILLATOR TYPE 8900:£92.00 +carr. £5.00. : 
SIEMENS POWER METER REL3U/84/ Alb: 0-12kmHz lmw 500mw 6 ranges. : 
0.17dB 50 ohms, e2.00 + carr. £3.00. • 
CV.1596 CATHODE RAY TUBE: (09D, 09G), 4" screen, green electrostatic : 
base Bl2B, HT1200 volts, heater 4 volts £11.50. : 
RADAR RECEIVING ANTENNA TYPE X443 Mk.D: Suitable for detecting : 
signals on X, K, J and Q bands. 9gHz-60gHz. Complete with waveguide horns, • 
associated crystals. Transistorised amplifier and geared motor, etc. £143.75. : 
Carriage approx. £5.00. - : 
VACUUM & PRESSURE SEAL TEST EQUIPMENT: Complete with 2 X 4" : 
gauges indicating 0-20Jbs p.s.i. 0-30Jbs vacuum. With stand, hand pump, etc. • 
£34.50 + £4.00 carr. : --~~------------~------------------------------------, : 

BARGAIN MAPS 
Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. 

including:-
ONC-El- U.K. in full and part N.W. Europe. Scale 1:1,000.000. 
JNC-9N- N. Europe, U.K .. Scandinavia. Scale 1:2 .000.000. 
JN -21N - Europe (Mediterranean). Scale 1:2,000,000. . 
S!ZE: 58" x 42". colour. Many others. Please send S.A.E. for list. 

Price each 70p ( inc . p + p) 
~5 x Maps (either same type OR assorted) £10.00 -'- £1 .00 p + p. . 

10 x Maps (either same type OR assorted) £6.00 (me. P-'- p). 

-----.. ---
: RESONATOR PERFORMANCE CTC.424 8.5 to 9.0 kmc/s 3 em £80.50 + post 
: £2.00. All prices include VAT at 15% 
- • INVERTER 24v. DC input 400 cycles lpH 6600 r.p.m. zoov. peak. £8.05 + £2.00 Carriage quotes given are lor 50-mile radius of Herts. -
: post. · : 

- -- -- -E w · · 'The Maltings, Station Road To avoid disappointment please telephone to arrange E : M. -- ILLS SAWBRIDGEWORTH, Herts. appointment if wishing to view equipment : 
E · ·· • · Tel: Bishop's Stortford (0279) 725872 5 
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ROHDE & SCHWARZ. 
.TV Demodulator. AMF. 55-90MHz 
Selective UHF V /Meter. Bands 4 &. 5. USVF 
Selectomat Voltmeter USWV. £450. 
UHF Sig. Gen type SDR 0.3-1 GHz. £750. 
UHF Signal Generator SCH . £175. 
Polyskop SWOB I. £450. 
Videoskop SWOF with sideband adapter. 
Modulator/Demodulator BN17950/2. 

·Video Test Signal Generator type SPF. 
UHF Sig. Gen. type SCR. 1-1 . 9G Hz. 

MARCONI 
TF2360R 1V Transmitter Sideband Analyser. 
TM6936R UHF Converter for above. 
TF11 01 RC oscillators £65. 
TF1 099 20M Hz sweep generator. 
TF1 041 8 Valve Voltmeter £65. 
TF1152A/ 1. Power meter. 25W. 500MHz. £75. 
TF1020A Power Meter. 100W. 250MHz. £85. 
TF890A/1 RF Test Set. £395 
TF 1400 Pulse Generator £65. 
TF675F Pulse Generator: 
TF1066 AM/FM Signal Generator. £550. 
TF 801 B/3S Signal Generator £175. 

AIRMEC Display oscilloscope. 4 beam . 
AlRMEC 314A Voltmeter. 300mV(FSD)-300V. 
BRANDENBURG EHT Generator. 50KV. 1 rnA. 
DERRITRON 1 KW Power Amplifier with control equipment fo1 
vibration testing etc. 
GAUMONT KALEE Flutter Meter 
GERTSCH Frequency Meter and Dev Meter. 20-1000MHz. 
£350. 
HEWLETI PACKARD 302A Wave Analyser 
HEWLETT PACKARD 695A Sweep Oscillator £350. 

.._ _____ __:. ___________ --; BOONTON 202H AM I FM Signal Generator 

·BECKMAN TURNS COUNTER DIALS 
Miniature type (22mm diam.). Counting up to 
15 turn "Helipots." Brand new with mounting 
instructions. Only £2.50 each. 
Wandel & Gotterman Equipment 
Level Meter 0.2-1600KHz 
Levfi!l Oscillator 0 . 2-1600KHz 
Level Transmitter 0 .3-1350KHz 
Carrier Frequency Level Meter 

BOONTON Model80 Sig. Gen . 2-400MHz £95. 
RACAL type 801 R. 1 OOmHz Digital ~requency Counter 
TELETYPE KSR ." One remaining. ' 
SOLARTRON LM1420.2 . DVM . 6 ranges to 1 KV. 
MUIRHEAD type K-134-A Wave Analyser. Portable . 
RADIOMETER AFM/ 1. Dev/Mod Meter. 3.5-320MHz. £185. 
TAYLOR Modei62AAM/FM Signal Generators . £85. 
WEINSHEL Power supply Modulator type M03 . 
BRUEL & KJOER type 1 504 Deviation Bridge 
BRUEL & KJOER Vibration equipment 1018 . 

1--------------------{ BRUEL & KJOER Frequency analyser 21 05 
ADVANCE CONSTANT VOLTAGE BRUEL & KJOER Microphone amplifier 2603 £195. 
TRANSFORMERS BRUEL & KJOER Type 3301 Automatic frequency response 
Input 190-260V AC. Output constant recorder 200Hz. £750. 
220 Volts . 250W. £25. (£2 carriage) MUIRHEAD-PAMETRADA D48gEM Wave Analyser 

1:---------------------4 TEKTRONIX 555 scope with plug-ins types CA (2 off), 21, 22 
PYE RESISTANCE BOXES TEKTRONIX 51 5A Oscilloscope 

133 

DC POWE~ SUPPLIES 

'APT 10459/8 12-14V. 5 Amps. £25. (+£1.pp). 
'APT 104,59/8. 24V. 5Amps. £25, (+£1 .pp). · 
'APT Your voltage requirements from 6V to 36V. @ 5 
Amps. £25. (+£1.pp). 
' Mullard . Dual supplies. Brand new with handbook. Pos 
&. Neg 12V. at 1Aand 0.4A resp. Dims 9x4x5"in . £10. 
{+£1 .pp). . 
'LAM BOA Brand new with book. 5V.4A. 
(11 O.AC Input though, so) ONLY £10. (+£1 .pp) . 
'FARNELL. Current limited .·Dimensions 7x5x4in . 
Following range available : 
5 Volts@ 3 Amps . 13-17 Volts@ 2 Amps. 
30 Volts@ 1 Amp. Price only £15. (+ £1 .pp). 
All the above power supply units are 230V.AC input 
(except Lambda type) and are stabilised and regulated 
and fused . All are fully tested before despatch and 
guaranteed in first class order throughout. As with all our 
equ ipment, there is a money back guarantee . 

MODULATION METERS 

AIRMEC :210 3-300MHz. AM/FM. 
RADIOMETERAFM/1 3.5-320MHz. AM/FM. 
RACAL409 3-600MHz. AM/FM . 

'CENTAUR: INSTRUMENT COOLING FANS 
Made by Rotron Holland. These are very high 
quality, quiet running fans, specially designed 
for the' cooling of all types of electronic equip­
ment. Measures 4.5x4 .5x1.5in . 115VAC. 11 
Watts. The list price of· these is over £1 0 each . 
Also 230V. AC available. 15V. £4.50. 
(postage 25p) . 230V £5. 

5 decade resistance boxes measuring from TEKTRONIX 545 main frames . £210. Choice of plug-in units 
11.1 11 ohm to 0.001 ohm .... .. . . . £20 extra 1-----------....,---------t 

1--------------------l TEKTRONIX 585A oscilloscope with '82' P.l. DC-80MHz 
LABORATORY OVENS.- Gallenkamp, 3 cu. NOTICE. All the pre-owned equipment shown has been 
ft. £145. Also Morgan Grundy 1 cu. ft. £55. carefully tested in our workshop· and reconditioned where Finger guards fo~ above - 50p each. Also 

small type Papst fans as above measuring 
8x8x3.8 ems. 26 cu . ft/min. 11 OV only £4.00 
(PP 25p). AS price for all these fans are now 
around £12.50 each!!! 

20-WAY JACK SOCKET STRIPS. 3 pole necessary . It is sold in first-class operational condition and most 
type with two normally closed contacts. £2.50 items carry our three months' guarantee . Calibration and 
each (+25p pp). Type 316 three pole plugs for certificates can be arranged at cost. Overseas enquiries 

· above- 20p ea. (pp free). welcome. PLEASE ADD 15% VAT TO ALL PRICES. 

10 OUTLET 
DISTRIBUTION 
AMPLIFIER 2 

One floating input, 1 0 independent floating outputs 
at 600 Ohms for general studio work or feeding 
multiple· slave po amplifiers. Electronic input circuit 
which withstands mains or static voltages on the 
signal lines. 
Total H--"<: Diatorlion, all outputs loaded, at 
+16dBV.7. 
1kHz -80dB, 0.0-1% 
100Hz-20kHz -76dB, 0.015% 

. Stodc l-ad.._ D'-'lon, 50Hz + 7kHz. 
Output +12dBV.7 -86dB, 0.005% . 
The unit meets the IBA "signal poth" specifications 
and is available as a complete unit or as a set of all 
per1S excluding the case and XLR connectors. 

STEREO DISC AMPLIFIER 2 
SUPERLATIVE PERFORMANCE FOR BROADCAS· 
TING, DISC MONITORING AND TRANSFER. Mag­
netic cartridge to balanced lines with HF and LF 
filtering. Mains powered. Meets IBA specification. 
Specifications August advertisement. 

PEAK PROGRAMME 
METERS Meet IEC268-10A, BS542B 
PPM2 Standard performance drive circuit under 

' licence from the BBC. Reviewed Studio Sound, 
September, 1976. Emest Turner meter movements 
640, 642, 643 and TWIN stocked. 

+ 5Hz SHIFT CIRCUIT BOARDS 
AS WW JULY 1973 ARTICLE but 
improved noise level,_ lower distortion, 
adjustment free oscillator and ic sockets: 
Mark3. 
Small enough to be built inside the cabinets of many 
amplifiers. . including 
Cciltlllllll khMIIoarH34 PSU & main$ DESIGNER 
Bo .. d 111111•1 101111£44 tntnsfotmer APPROVED 

SURREY ELECTRONICS 
n. Forge, Luc:b o.-.. Cranleigh 
Soafty, OUI 780 Tel: 04888 5117 

CASH WITH ORDER less 5% 
Ul< ADDVAT 5% 

COMPUTER APPRECIATION 

ORGAN and PIANO 
KEYBOARDS 

Price 
inc. VAT 

4-0ctave C-C £32.20 
5-0ctave C-C £34.50 
5-0ctave. F-F £34.50 
6-0ctave C-C £36.80 

DALSTON ELECTRONICS 
40a Dalston Lane~ Dalston Junction 
London, ES 2AZ Tel: 01-249 5624 

P&P 

£2.75 
£2.75 
£2.75 
£3.00 

86 High Street, Bletchingley, Redhill, Surrey R H 1 4PA. Tet Godstone (0883) 843221 
POP 11/03 SYSTEM with 64K bytes, REV11A bo~tstrap, O~V 11J quad serial I/O. twin RI<06 compatible 
disc drive$ with a cqmblned I'&P!'~ity of 5 mbyte~. DIABLO Model 1620 HyTyp~ llt~rminal. Much pfthis system 
1o BRAND NEW and dated t 979. £8750.1)0, 

::.~r~s:.~:!"!!~;:r::~~~~·T~ti~~~=~;~;~~~~~~~t~:~t~::;rd r;~~a; 0a0~ ·~~~·b~~~ll~ ~4ot~~ 
IX>rr<;t;pOndence.qUillity 1/0 typewnter. GNT paper tepe reader 1 punch, and twin dig1tal _cassene tape ~nits with 
LED address readout. Some commercial and WQrd-processing software is included w1th about 50 cassettes. 
Immaculate condition. £515.00, 
PDP 8/ M 4K ~· DPD 8/ E oeries machine with reduced co0trol panel and bQotstrap ROM , £3110,00. 
GENERAL AUTOMATION model SPC 18 minicomputer with 16K byte core, and TTY interface. Full 
manuals. £215.00. 
HAZELTINE Model 1200 VDU tenninel, BRAND NEW. With 960 ch . display and RS232 interface. 
£250.00. 
TELETYPI! Moct.l ASR ~3. Fully ref11rbished machines always available flom stock. £350-£426. 
tELEtYPE Model KBR 33. Various options available ai £150.00. 
OLIVIi'rTI Moclel 321 t....,IMI. Correspondence-quality t~rminal with 20 rnA Interface arid reader I punch. 
ASCII cOded . £2110-£3110. · 
~~::.:'~~\~~lr,t~:5~.180 ops with keyboard and RS232 in terface £725.00. 
I>I!RtEC Moilelll40-1·25 .9~track P.E. tape drive, £.475.00. . . 
PI!RTEC MocWIIM0-7&-26 7-track tape drive with NOVA cdhtroller, BRAND NEW: £485.00. 
FLEXOWRitilR Model 2~Cn nl E. IA code w1th tape reader and punch and aux . tape read~r . Suitable for use 
as word processor. terminal. d~ f<>r _N I C taP. preparation. £_350.00. 
SPERRY-REMII"'GTON Word Processi>r comprising IBM gollball typewriter and twin tape casselte drives. 
£550.00. 

SAGIEM Rec;eive Only taleprinter, BaudQt·coded. £35.00. 
O~IIILO Mosie! 31 high-llensity (2 .5 mbyte) cartridge (lise drives now availabla. These are directly compatible 
with the DIGITAL Rl<05 and will cable directly to most RK 11 type controllers for PDP /LSI II. Fi~ed and 
romovable both ~vailable at £495.00 and £150.00 reepectively. 
DIABLO Model21 2.5 mbyte fixod disc drive. Compatible with both Series 30 and 40 drives, and suitable lor 
POP 11, LSI1 1 .filtc . Tw.:> only available. Almost unused. £385.00. 
VERMONT Model 1004-Se Memory Drum. £1&0.00. 
UNIT DATA in~rementel magtape recc;>rder/ reproducer. £85.00, 

~~~~~~~';:."~~:r~x0~Fn~~~!~~~~R~~~~=~~~~~:.·:ieally isolated RS232 input, M width poper 
Baudot-codod. £t 50.00. · 
CDC Model CB101 comact CARD READER with LED diagnostic readout. eta. £2&0.110. 
CDC Floppy Disc drive with associated microprocessor. membry and RS 23 2 I I 0. P .O.A. 
ICL Model240 high-speed (250 cps) optical tape readat. £68.00. 
ELUOTT 250 cps tape reader. _As above, but previous model. £38.00. 
DISCOLL high-speed tape cop1er comprising BRPE 110 punch and alectro-rllechsnical reader. Cbpies at I 10 

ti:t~~~~::'ieader/punch unit. Incorporat ing 40 cps Model 40 reader and 20 cps punch in compact lree 
stand.ing unit . With solenoid pSu. £48.00. . 
WEIR Model DTM 100 digital rflultimeter /frequency counter with 3'/i digit LEO display . NEW. £50.00. 
* Many other items available, please enquire * Equipment lNSnled for cash 
1c VAT and Carriage extra, all items 



VA.LVES Minimum VALVES VAT 
IS INCLUDED Order £1.00 

£ 
A1065 1.40 ELB2 0.70 PY81/800 0 .70 5R4GY 1.30 6L6GT 1.75 25L6GT 0.95 

A2293 8.50 ELB4 0.90 PY82 ' 0.60 5U4G 1.10 6L7G 0.75 25Z4G 0.85 

A2900 8.00 EL86 1.06 PY83 0.60 5V4G 0.80 6L18 0.70 30C15 1.15 

ARB 0.70 EL90 1.50 PYBB 0.80 5Y3GT 0.80 6L020 30C17 1.35 

ARP3 0.70 EL91 3.25 PY500 1.55 5Z3 1.15 6Q7G 0.95 30C18 2.10 

ATP4 0.60 EL95 0.80 PY809 &AS 5Z4G 0.85 6SA7 0.65 (See PCFB05) 

B12H 3.35 EL504 1.85 PY801 0.70 5Z4GT 0.90 6SG7 0.90 30F5 1.15 

CY31 1.20 . ELB02 1.70 QQV03/10 6AB7 0.70 6SJ7 0.80 30F12 1.70 

DAF96 0.70 EL822 7.50 2.85 6AC7 0.70 6SJ7GT 0.60 30FL12 1.45 

DET22 21.95 EM31 0.85 QQV03/12 6AH6 1.15 6SK7 1.05 30FL14 t 2.05 

DF96 0.70 EMBO 0.70 2.85 AK5 0.65 6SL7GT 0.85 30L15 1.15 

DK96 1.05 EM81 0.70 QQV06/4QA 6AK8 0.60 6SN7GT 0.85 30L17 1.15 

DH76 1.00 EMB4 0.50 16.10 AL5 0.50 6SQ7 0.85 30P12 1.15 

OL92 0.60 EM87 1.15 QV03-12 2.80 6AL5W 0.80 6V6GT 0.95 30PL1 1.15 

DY86/87 0.85 EY51 0.55 SCL/400 4.50 6AM5 1.85 6X4 0.70 30PL13 1.25 

OY802 0.85 EY81 0.55 SCL/600 4.50 6AM6 0.75 6X5GT 0.65 30PL14 1.25 

E55L 13.80 EY86/87 0.65 SP61 0.95 6ANB 3.60 6Y6G 1.10 35L6GT 1.15 

ESSCC/01 1.80 EYSB 0.65 TT21 11 .80 6AQ5 0.90 6Z4 0.75 35W4 0.80 

E180CC 1.60 EZBO 0.55 U25 1.15 6AQ5W 1.45 6-30L2 2.05 35Z4GT 0.85 

E180F 6.80 EZB1 0.70 U26 1.00 6AS6 0.90 787 0.90 50C5 1.35 

E182CC 3.95 GY501 1.05 U27 1.15 6AT6 0.85 7V4 0.90 50CD6G 1.45 

EA76 2.25 GZ32 0.75 U191 0.85 6AU6 0.65 902 0.70 75 1.25 

EABCBO 0.60 GZ33 3.95 U281 0.65 6AV6 0.60 906 0.85 75C1 1.05 

EB91 0.65 GZ34 2.30 U301 0.65 6AX4GT 0.95 10C2 0.70 76 0.95 

EBC33 1.15 GZ37 2.80 U600 11.50 6AX5GT 1.15 10F18 0.70 78 0.95 

EBFBO 0.60 KT66 5.75 U801 0.90 687 0.85 10P13 0.70 80 0.90 

EBFB3 0.60 KT88 7.20 UABCBO 0.90 68A6 0.50 11E2 12.40 85A2 2.55 

EBFB9 0.80 MHA 1.15 UAF42 0.8& 68E6 0.60 12A6 0.70 723AI8 12.80 

EC52 0.50 ML6 1.15 UBFBO 0.70 6BG6G 1.15 12AT6 0.55 803 6.95 

ECC81 0.65 N78 10.45 UBF89 0.60 6BJ6 1.25 12AT7 0 .65 805 20.70 

ECC82 0.60 OA2 0.6& UBL1 1.15 6807A 0.70 12AU7 0.60 807 1.15 

ECC83 0.65 OB2 0.70 UBL21 2.50 6BR7 2.70 12AV6 0.80 813 13.30 

ECC84 0.55 PABCBO 0.60 UCCB4 0.75 6BW6 3.20 12AX7 0.65 8298 16.00 

ECC85 0.60 PC85 0.60 UCC85 0.80 68W7 1.15 12SA6· 0.60 832A 5.20 

ECC86 1.40 PC86 0.95 UCFBO 0.90 6C4 0.70 128E6 1.25 866A 3.20 

ECC88 0.75 PCBS 0.85 UCH81 0.70 6C6 0.70 128H7 1.10 931A 6 .90 

ECC 189 .· 0.95 PC900 1.45 UCL82 0.8& 6CH6 7.50 12C8 0.85 954 0.60 

ECFBO 0.60 PCC84 . 0.75 UF41 0.90 6CL6 1.70 12E1 4.95 955 0.70 

ECF82 0.55 PCC89 0.65 UFBO 0.60 6CY5 1.15 12J5GT 0.55 956 0.60 

ECF801 0.90 PCC189 0.75 UF85 0.70 606 0.85 12K7GT 0.70 957 1.05 

ECH34 1.15 PCFBO 0.95 UL41 0.85 SEAS 3.20 12K8GT 0.80 1625 1.15 

ECH35 1.70 PCF82 0.50 UL84 0.85 6F6GB 0.85 12Q7GT 0.65 1629 0.85 

ECH42 0.95 PCFB4 0.75 UMBO 0.70 6FBG 0.85 12SC7 0.65 2051 1.20 

ECH81 0.60 PCF86 0.80 UM84 0.70 6F12 0.90 12SH7 0.85 5763 4 .40 

ECH84 1.20 PCF200 1.05 UY82 0.65 6F14 0.90 12SJ7 0.65 5842 7.50 

ECLBO 0.70 PCF201 \.05 UY85 0.60 6F15 1.30 12507 0.85 5933 3.50 

ECL82 0.65 PCF801 1.05 VR105/30 2.15 6F17 1.15 12Y4 0.5& 6057 1.05 

ECL83 1.40 PCF802 0.75 VR150/30 1.45 6F24 4.75 1306 0.70 6060 1.05 

ECL85 0.75 PCF805 2.10 X66 1.05 6F33 4.75 1457 1.15 6064 1.05 

ECL86 0.75 PCF806 0.95 X61M 1.70 6H6 1.90 19AQ5 0.90 6065 1.40 

EF37A 1.70 PCF808 2.05 zaoou 3.45 6J4 1.60 19G3 11.50 6067 1.15 

EF39 3.30 PCH200 0.95 Z801U 4 .00 6J4WA 2.00 19G6 6.90 6080 4.90 

EF40 0.80 PCL81 0.70 Z900T 2.55 6J5GT 1.35 19H5 19.55 6146 4.95 

EF41 0.85 PCL82 0.75 1A3 0.70 6J6 0.85 2001 0.75 61468 5.20 

EFBO 0.50 PCL84 0.80 1L4 0.50 6J7 0.90 20F2 0.75 6360 2.30 

EF83 1.70 PCL86 0.80 1R5 0.65 6J7G 0.60 20E1 1.30 

EF85 0.55 PCL805/85 1S4 ·o.45 6K7 0.80 20P1 0 .65 

EF86 1.40 0.85 155 0.45 6K7G 0.50 20P3 0.80 

EF91 1.30 P0500 4.35 1T4 0.45 6K8GT 0.65 20P4 1.30 

EF92 0.85 PFL200 2.80 1U4 0.80 6L6M 2.15 20P5 1.30 

EF95 0.95 PL36 0.95 1X2B 1.30 
EF183 0.85 PL81 0 .85 2021 0.80 VIDECON TUBE TYPE P863B 
EF184 1.85 PL82 0.60 2K25 12.40 English Electric - £20 
EF8<i4 2.30 PL83 0 .60 2X2 0.90 
EFL200 0.95 PL84 0 .75 3A4 0.70 
EH90 0.80 PL504 1.60 306 0.50 VALVES AND 
EL32 1.10 PL508 1.50 3021 23.00 SPECIAL TRANSISTORS EL34 1.75 PL509 3.65 3E29 6.60 VALVES 
EL37 3.45 PL802 3.15 3S4 0.60 4CX 1 OOOA YL 1420 

Telephone enqu1nes for 

EL38 4.60 PLL80 3.45 58/254M 8.80 4CX 5000A YL 1430 
valves , transistors. etc.; retail 

EL41 0.95 PY33 0.70 58/255M 8.80 
749 3934; trade and export 

EL81 1.20 PYBO 0.70 58/258M 8 .80 BM 25L YL 1440 743 0899 

WE CAN ACT AS YOUR POSTAGE: £1-£2 20p; £2-£3 30p; 

CONSULTANTS £3-£5 40p; £5-£10 60p; over £1 0 free . 

HIGH VACUUM VARIABLE CAPACITORS - ceram1c 

tor MICRO COMPUTERS envelopes- UC 1000AI20 / 150-VMMHC 1000 60-
1 OOOe F. 20kv-150A RF max- 27M Hz 

& TEST EQUIPMENT 
TEST SET FT2 for testing Transr.eovers A40 . A41 . A42 
and CPRC26 
UNIVERSAL WIRELESS TRAINING SET No 1 Mk 2 

TELUROMETER MRA3 DISTANCE MEASURERS YA 8316 to train 32 ope ra tors simultaneously on key and 
LOW RESISTANCE HEADPHONES TYPE CLB phone Complete installation cons1sts of 3 kits packed 1n 3 

£1.50. 40p postage. VAT 15% . spec1al trans1t cases 
HARNESS "A" & "B" CONTROL UNITS "A" '"R" 

WANTED .. J1'' ''J2 ... M icrophones No 5. 6 . 7 connectors. frr~mes 
carrier sets etc 

AR 88 RECEIVERS THYRATRONS GLASS ENVELOPE. MIL 5948/ 
1754. Us25KV. TA 1 2'5A. P-12.5M 

Phone for our IGNITION BK 484/5552A. Max 1200 KVA Anode 

Current 140A 

exceptionally h,igh AERIAL MATCHING UNITS up to 5 amps 

offer. COLOMOR 
36' AERIAL MASTS consisting of 6 sections s· s· x (ELECTRONICS LTD.) 
2'.4" dia. Complete with all accessories to erect and 

170 Goldhawk Rd., London W.12 instal 

FOR EXPORT ONLY Tel. 01-743 0899 
Mullard C11. High power installation, 
1000W. Technica l details and prices Open Monday to friday 
available on request . 9-12.30, 1.30-5.30 p.m. 

FOTOLAK 
POSITIVE LIGHT SENSITIVE AEROSOL LACQUER 

Enables YOU to produce perfect printed circuits in minutes! 
Method Spray cleaned board with lacquer . When dry, place posit ive master of 

required circuit on now sensitized surface. Expose to daylight, develop and etch . 

Any number of exact copies can of course be made from one master . Widely 

used in industry for prototype work . 

FOTOLAK 
Developer 

Ferric Chloride 

. .. . £2 .00 

30p 

50p \ 

Pre-coated 1 I 1 6 .. Fibre-glass board 

204mm x 114mm £1.50 

· 204mm x 228mm £3.00 

408mm x 228mm £.600 

467mm x 305mm £g_oo 

Plain Copper-clad Fibre-glass . Single-sided Doubi'e-sideo 

£1.50 
Approx. 3 . 18mm thick sq . ft . 
Approx. 2.00mm thick sq .· ft. - ·- ~ t2·.·oo 
Approx. 1.00mmthicksq . ft. :;, 1 . 50 

Clear Acetate Sheet for making master. 260mm x 260mm 

£1 . 75 

12p 

Postage and packing 65p per order. VAT 15% on total 

G. f. MILWARD ELECTRONIC COMPONENTS LIMITED 
369 Alum Rock Road, Birmingham a·s 3DR. Telephone: 021-327 2339 

WIRELESS WORLD, OCTOBER 1979 

find out about ...• 

THE NEW 
SEMI CON 

INTERNATIONAL 
semiconductor 

INDEXES 
Accepted as the finest books of their kind. Wor~d­
wide usage. for testing and primary selection purpOGes. 
Maximum ratings and major characteristics of a very 
wide range of discrete and integrated devices. Over 
25,000 entries in each volume including USA, Euro­
pean and Japanese sources. Each single line entry 
includes references from which terminations, possible 
substitutes and alternative manufacturers may be 
obtained. 
The loose-leaf binder form allows easy updating by 
our subscriber up-date service -free for the first year. 

Volume 1 Transistors 
Volume 2 Diode/SCRs 
Volume 3 ICs 

UK prices 
£16.00 
£16.00 
£24.00 

Updating 
£7.20 pa. 
£7.20 pa. 
£8.30 pa. 

MICROFICH and MAGTAPE OUTPUTS AVAILABLE 

SEMI CON INDEXES LIMITED 
7, King's Parade, King's Road, FLEET. Hants. GU13 9AB. UK. 

Telephone: 025.14.28526 

AGENTS IN MANY COUNTRIES 
WW- 050 FOR FURTHER DETAILS 

ELECTRONIC POWER UNITS 
FOR XENON ARC AND MERCURY ARC LAMPS 

UNITS AVAILABLE FOR LAMPS RANGING FROM 75TO 6500 WATTS. 

Lamp housings and lens systems manufactured as standard off the shelf models or to 
specific design. · 

·.,) 

K. T. Manners Design Ltd. 
P.O. Box 936, London, W4 4NW Telephone: 01-994 7155. Telex: 28604 

Ww -099 FOR FURTHER DETAILS 

WIRELESS WORLD, OCTOBER 1979. 

'RADIO SHACK LTD 

Ham Bands with 1.5-30 MHz receive with built-in 150 MHz 
freque~cy counte_r plus option of 0-1.5 MHz receive and 1 or any 
.transce1vmg application 1.8-30 MHz. 

RADIO SHACK LTD· 
Fo_r Communications equipment including Trio products and 
Tno testgear. · 

. . . ,/ 

:we are situated just arouf'!d the ~orner from .West Hampstead Underground St~tio~' 
(Ba~erloo lme). A few mmutes walk away IS West Hampstead Midland Region· 
:statl()n and West End L;ane on the Brgad Street Line, We are on the following Bus 
. rout\tS. 28, .59, 159. Hours of opemng are 9-5 Monday to Friday. Closed for LimctJ.. 
1-2. Saturday we are open 9-1 2.30 only. World wide exports. · 

DRAKE *SALES *SERVICE 

!RADIO SHACK LTD 
188 BROADHURST GARDENS, LONDON NW& 3AY 

Giro Account No. 588 71 51. T aleph one: 01:124 ·7'174 

Cables: RBdio Shack, London, NW&. Telex: 23718 

BTS: A Service 
for Churches 
·and Charities 

With extensive experience of 
the needs of broadcasters BTS 
can plan and commission an 
efficient and cost-effective 
studio. We recommend and 
supply a wide range of 
equipment to suit all budgets, 
and we can design · and 
,manufacture specialised items. 

~ontact BTS fo~ advice, whether yo·u need a simple 
vo1ce booth, a stud1o complex or a complete media centre. 

BTS supplies well--known makes of microphones, ­
loudspeakers, tape machines, cassette and tape 
duplication equipment, tapes and cassettes, studio 
hardware. 
- Write t? Alan Foster for an· article on: Design, Planning. 
and .Equ1pment Supply for broadcasters; or Acoustic 
Design and Layout of Studio Buildings; or Sound 
Reinforcement. 

))))) :1 ~ j)))) 
Broadcast Training and Services Ltd. 
2 Hills Road Cambridge CB2 1JP England 
Tsl: Cambridge (STD 0223) 62392 . 

LA·3 
Line Amplifier Transformer 
Balanced 600 ohm-output 

Pre-amps ' Balanced low impedance for m icrophone, high 
impedance general purpose. RIAA Phono, NAB 
lape (1 %, 3%, 71/z , 15ips) . 

Equalizers 
Active (bass, mid-range, treble) high pass filter , 
low pass filter. 

Other Modules 
Line amp, power amp, compressor, sine wave 
oscillator, plug-in power supply. 

Aecenorles 
Sheel metal, sockets , slide pots. 

Low distortion< .1 %, low noise, bi-fet op-amps, 
h1gh slew rate. s1ngle supply (9-36 volts DC). plug-in . 

MIC-4 
Low Impedance 

Microphone Pre-amp 

PS-1 
Power Supply , ~ ~-

24voltsDC 
regulaled 120/240 

VACinput 

• • • 1 

135 

II "Quality I SESCOM, INC. 
Engineered r~a~~~~?~~g Ava., 

SEND FOR YOUR FREE COPY 
OF OUR NEW CATALOG 

Sound Gardena, CA 90247 U.S.A. We also manufacture 
audio transformers, 

snakes, direct boxes 
and mic-spfitters 

Products" (213) 770-3510, (800).421-1828, 
TWX (91 0) 346-7023 

WW- 052 FOR FURTHER DETAILS 

BI·PRE·PAK 
NICKEL -CADMIUM BATTERIES 
AT LESS THAN 
HALF-PRICE ~rtiTTr\~ 
BY A WORLD­
FAMOUS 
MANUFACTURER 
IN 5 VALUABLE 
SIZES 

e High capacity ior very small size. 
e Wide-temperature operating range. 
e Low internal resistance . e Very sitnple charging circuit required . 
e INDEFINiiE SHELF LIFE. 

81-PRE-PAK L TO. 

BRAND NEW & GUARANTEED 

TO ORDER 
Please sentl cash with order. Minimum order 
£3.00 plus 30p p/p in U.K. Orders over 
£10 carr . paid U .K. All prices inc. V.A.T. 

Ideal ~ portable & emerganGy equip-
111&n1, •nstr'uments, etc. 

!WW) 222-224 West Road 
Westcliff-on-Sea, Eaaex·· 
SS09bF 
Telephone 03708 5543 



VA.LVES Minimum VALVES VAT 
IS INCLUDED Order £1.00 

£ 
A1065 1.40 ELB2 0.70 PY81/800 0 .70 5R4GY 1.30 6L6GT 1.75 25L6GT 0.95 

A2293 8.50 ELB4 0.90 PY82 ' 0.60 5U4G 1.10 6L7G 0.75 25Z4G 0.85 

A2900 8.00 EL86 1.06 PY83 0.60 5V4G 0.80 6L18 0.70 30C15 1.15 

ARB 0.70 EL90 1.50 PYBB 0.80 5Y3GT 0.80 6L020 30C17 1.35 

ARP3 0.70 EL91 3.25 PY500 1.55 5Z3 1.15 6Q7G 0.95 30C18 2.10 

ATP4 0.60 EL95 0.80 PY809 &AS 5Z4G 0.85 6SA7 0.65 (See PCFB05) 

B12H 3.35 EL504 1.85 PY801 0.70 5Z4GT 0.90 6SG7 0.90 30F5 1.15 

CY31 1.20 . ELB02 1.70 QQV03/10 6AB7 0.70 6SJ7 0.80 30F12 1.70 

DAF96 0.70 EL822 7.50 2.85 6AC7 0.70 6SJ7GT 0.60 30FL12 1.45 

DET22 21.95 EM31 0.85 QQV03/12 6AH6 1.15 6SK7 1.05 30FL14 t 2.05 

DF96 0.70 EMBO 0.70 2.85 AK5 0.65 6SL7GT 0.85 30L15 1.15 

DK96 1.05 EM81 0.70 QQV06/4QA 6AK8 0.60 6SN7GT 0.85 30L17 1.15 

DH76 1.00 EMB4 0.50 16.10 AL5 0.50 6SQ7 0.85 30P12 1.15 

OL92 0.60 EM87 1.15 QV03-12 2.80 6AL5W 0.80 6V6GT 0.95 30PL1 1.15 

DY86/87 0.85 EY51 0.55 SCL/400 4.50 6AM5 1.85 6X4 0.70 30PL13 1.25 

OY802 0.85 EY81 0.55 SCL/600 4.50 6AM6 0.75 6X5GT 0.65 30PL14 1.25 

E55L 13.80 EY86/87 0.65 SP61 0.95 6ANB 3.60 6Y6G 1.10 35L6GT 1.15 

ESSCC/01 1.80 EYSB 0.65 TT21 11 .80 6AQ5 0.90 6Z4 0.75 35W4 0.80 

E180CC 1.60 EZBO 0.55 U25 1.15 6AQ5W 1.45 6-30L2 2.05 35Z4GT 0.85 

E180F 6.80 EZB1 0.70 U26 1.00 6AS6 0.90 787 0.90 50C5 1.35 

E182CC 3.95 GY501 1.05 U27 1.15 6AT6 0.85 7V4 0.90 50CD6G 1.45 

EA76 2.25 GZ32 0.75 U191 0.85 6AU6 0.65 902 0.70 75 1.25 

EABCBO 0.60 GZ33 3.95 U281 0.65 6AV6 0.60 906 0.85 75C1 1.05 

EB91 0.65 GZ34 2.30 U301 0.65 6AX4GT 0.95 10C2 0.70 76 0.95 

EBC33 1.15 GZ37 2.80 U600 11.50 6AX5GT 1.15 10F18 0.70 78 0.95 

EBFBO 0.60 KT66 5.75 U801 0.90 687 0.85 10P13 0.70 80 0.90 

EBFB3 0.60 KT88 7.20 UABCBO 0.90 68A6 0.50 11E2 12.40 85A2 2.55 

EBFB9 0.80 MHA 1.15 UAF42 0.8& 68E6 0.60 12A6 0.70 723AI8 12.80 

EC52 0.50 ML6 1.15 UBFBO 0.70 6BG6G 1.15 12AT6 0.55 803 6.95 

ECC81 0.65 N78 10.45 UBF89 0.60 6BJ6 1.25 12AT7 0 .65 805 20.70 

ECC82 0.60 OA2 0.6& UBL1 1.15 6807A 0.70 12AU7 0.60 807 1.15 

ECC83 0.65 OB2 0.70 UBL21 2.50 6BR7 2.70 12AV6 0.80 813 13.30 

ECC84 0.55 PABCBO 0.60 UCCB4 0.75 6BW6 3.20 12AX7 0.65 8298 16.00 

ECC85 0.60 PC85 0.60 UCC85 0.80 68W7 1.15 12SA6· 0.60 832A 5.20 

ECC86 1.40 PC86 0.95 UCFBO 0.90 6C4 0.70 128E6 1.25 866A 3.20 

ECC88 0.75 PCBS 0.85 UCH81 0.70 6C6 0.70 128H7 1.10 931A 6 .90 

ECC 189 .· 0.95 PC900 1.45 UCL82 0.8& 6CH6 7.50 12C8 0.85 954 0.60 

ECFBO 0.60 PCC84 . 0.75 UF41 0.90 6CL6 1.70 12E1 4.95 955 0.70 

ECF82 0.55 PCC89 0.65 UFBO 0.60 6CY5 1.15 12J5GT 0.55 956 0.60 

ECF801 0.90 PCC189 0.75 UF85 0.70 606 0.85 12K7GT 0.70 957 1.05 

ECH34 1.15 PCFBO 0.95 UL41 0.85 SEAS 3.20 12K8GT 0.80 1625 1.15 

ECH35 1.70 PCF82 0.50 UL84 0.85 6F6GB 0.85 12Q7GT 0.65 1629 0.85 

ECH42 0.95 PCFB4 0.75 UMBO 0.70 6FBG 0.85 12SC7 0.65 2051 1.20 

ECH81 0.60 PCF86 0.80 UM84 0.70 6F12 0.90 12SH7 0.85 5763 4 .40 

ECH84 1.20 PCF200 1.05 UY82 0.65 6F14 0.90 12SJ7 0.65 5842 7.50 

ECLBO 0.70 PCF201 \.05 UY85 0.60 6F15 1.30 12507 0.85 5933 3.50 

ECL82 0.65 PCF801 1.05 VR105/30 2.15 6F17 1.15 12Y4 0.5& 6057 1.05 

ECL83 1.40 PCF802 0.75 VR150/30 1.45 6F24 4.75 1306 0.70 6060 1.05 

ECL85 0.75 PCF805 2.10 X66 1.05 6F33 4.75 1457 1.15 6064 1.05 

ECL86 0.75 PCF806 0.95 X61M 1.70 6H6 1.90 19AQ5 0.90 6065 1.40 

EF37A 1.70 PCF808 2.05 zaoou 3.45 6J4 1.60 19G3 11.50 6067 1.15 

EF39 3.30 PCH200 0.95 Z801U 4 .00 6J4WA 2.00 19G6 6.90 6080 4.90 

EF40 0.80 PCL81 0.70 Z900T 2.55 6J5GT 1.35 19H5 19.55 6146 4.95 

EF41 0.85 PCL82 0.75 1A3 0.70 6J6 0.85 2001 0.75 61468 5.20 

EFBO 0.50 PCL84 0.80 1L4 0.50 6J7 0.90 20F2 0.75 6360 2.30 

EF83 1.70 PCL86 0.80 1R5 0.65 6J7G 0.60 20E1 1.30 

EF85 0.55 PCL805/85 1S4 ·o.45 6K7 0.80 20P1 0 .65 

EF86 1.40 0.85 155 0.45 6K7G 0.50 20P3 0.80 

EF91 1.30 P0500 4.35 1T4 0.45 6K8GT 0.65 20P4 1.30 

EF92 0.85 PFL200 2.80 1U4 0.80 6L6M 2.15 20P5 1.30 

EF95 0.95 PL36 0.95 1X2B 1.30 
EF183 0.85 PL81 0 .85 2021 0.80 VIDECON TUBE TYPE P863B 
EF184 1.85 PL82 0.60 2K25 12.40 English Electric - £20 
EF8<i4 2.30 PL83 0 .60 2X2 0.90 
EFL200 0.95 PL84 0 .75 3A4 0.70 
EH90 0.80 PL504 1.60 306 0.50 VALVES AND 
EL32 1.10 PL508 1.50 3021 23.00 SPECIAL TRANSISTORS EL34 1.75 PL509 3.65 3E29 6.60 VALVES 
EL37 3.45 PL802 3.15 3S4 0.60 4CX 1 OOOA YL 1420 

Telephone enqu1nes for 

EL38 4.60 PLL80 3.45 58/254M 8.80 4CX 5000A YL 1430 
valves , transistors. etc.; retail 

EL41 0.95 PY33 0.70 58/255M 8.80 
749 3934; trade and export 

EL81 1.20 PYBO 0.70 58/258M 8 .80 BM 25L YL 1440 743 0899 

WE CAN ACT AS YOUR POSTAGE: £1-£2 20p; £2-£3 30p; 

CONSULTANTS £3-£5 40p; £5-£10 60p; over £1 0 free . 

HIGH VACUUM VARIABLE CAPACITORS - ceram1c 

tor MICRO COMPUTERS envelopes- UC 1000AI20 / 150-VMMHC 1000 60-
1 OOOe F. 20kv-150A RF max- 27M Hz 

& TEST EQUIPMENT 
TEST SET FT2 for testing Transr.eovers A40 . A41 . A42 
and CPRC26 
UNIVERSAL WIRELESS TRAINING SET No 1 Mk 2 

TELUROMETER MRA3 DISTANCE MEASURERS YA 8316 to train 32 ope ra tors simultaneously on key and 
LOW RESISTANCE HEADPHONES TYPE CLB phone Complete installation cons1sts of 3 kits packed 1n 3 

£1.50. 40p postage. VAT 15% . spec1al trans1t cases 
HARNESS "A" & "B" CONTROL UNITS "A" '"R" 

WANTED .. J1'' ''J2 ... M icrophones No 5. 6 . 7 connectors. frr~mes 
carrier sets etc 

AR 88 RECEIVERS THYRATRONS GLASS ENVELOPE. MIL 5948/ 
1754. Us25KV. TA 1 2'5A. P-12.5M 

Phone for our IGNITION BK 484/5552A. Max 1200 KVA Anode 

Current 140A 

exceptionally h,igh AERIAL MATCHING UNITS up to 5 amps 

offer. COLOMOR 
36' AERIAL MASTS consisting of 6 sections s· s· x (ELECTRONICS LTD.) 
2'.4" dia. Complete with all accessories to erect and 

170 Goldhawk Rd., London W.12 instal 

FOR EXPORT ONLY Tel. 01-743 0899 
Mullard C11. High power installation, 
1000W. Technica l details and prices Open Monday to friday 
available on request . 9-12.30, 1.30-5.30 p.m. 

FOTOLAK 
POSITIVE LIGHT SENSITIVE AEROSOL LACQUER 

Enables YOU to produce perfect printed circuits in minutes! 
Method Spray cleaned board with lacquer . When dry, place posit ive master of 

required circuit on now sensitized surface. Expose to daylight, develop and etch . 

Any number of exact copies can of course be made from one master . Widely 

used in industry for prototype work . 

FOTOLAK 
Developer 

Ferric Chloride 

. .. . £2 .00 

30p 

50p \ 

Pre-coated 1 I 1 6 .. Fibre-glass board 

204mm x 114mm £1.50 

· 204mm x 228mm £3.00 

408mm x 228mm £.600 

467mm x 305mm £g_oo 

Plain Copper-clad Fibre-glass . Single-sided Doubi'e-sideo 

£1.50 
Approx. 3 . 18mm thick sq . ft . 
Approx. 2.00mm thick sq .· ft. - ·- ~ t2·.·oo 
Approx. 1.00mmthicksq . ft. :;, 1 . 50 

Clear Acetate Sheet for making master. 260mm x 260mm 

£1 . 75 

12p 

Postage and packing 65p per order. VAT 15% on total 

G. f. MILWARD ELECTRONIC COMPONENTS LIMITED 
369 Alum Rock Road, Birmingham a·s 3DR. Telephone: 021-327 2339 

WIRELESS WORLD, OCTOBER 1979 

find out about ...• 

THE NEW 
SEMI CON 

INTERNATIONAL 
semiconductor 

INDEXES 
Accepted as the finest books of their kind. Wor~d­
wide usage. for testing and primary selection purpOGes. 
Maximum ratings and major characteristics of a very 
wide range of discrete and integrated devices. Over 
25,000 entries in each volume including USA, Euro­
pean and Japanese sources. Each single line entry 
includes references from which terminations, possible 
substitutes and alternative manufacturers may be 
obtained. 
The loose-leaf binder form allows easy updating by 
our subscriber up-date service -free for the first year. 

Volume 1 Transistors 
Volume 2 Diode/SCRs 
Volume 3 ICs 

UK prices 
£16.00 
£16.00 
£24.00 

Updating 
£7.20 pa. 
£7.20 pa. 
£8.30 pa. 

MICROFICH and MAGTAPE OUTPUTS AVAILABLE 

SEMI CON INDEXES LIMITED 
7, King's Parade, King's Road, FLEET. Hants. GU13 9AB. UK. 

Telephone: 025.14.28526 

AGENTS IN MANY COUNTRIES 
WW- 050 FOR FURTHER DETAILS 

ELECTRONIC POWER UNITS 
FOR XENON ARC AND MERCURY ARC LAMPS 

UNITS AVAILABLE FOR LAMPS RANGING FROM 75TO 6500 WATTS. 

Lamp housings and lens systems manufactured as standard off the shelf models or to 
specific design. · 

·.,) 

K. T. Manners Design Ltd. 
P.O. Box 936, London, W4 4NW Telephone: 01-994 7155. Telex: 28604 

Ww -099 FOR FURTHER DETAILS 

WIRELESS WORLD, OCTOBER 1979. 

'RADIO SHACK LTD 

Ham Bands with 1.5-30 MHz receive with built-in 150 MHz 
freque~cy counte_r plus option of 0-1.5 MHz receive and 1 or any 
.transce1vmg application 1.8-30 MHz. 

RADIO SHACK LTD· 
Fo_r Communications equipment including Trio products and 
Tno testgear. · 

. . . ,/ 

:we are situated just arouf'!d the ~orner from .West Hampstead Underground St~tio~' 
(Ba~erloo lme). A few mmutes walk away IS West Hampstead Midland Region· 
:statl()n and West End L;ane on the Brgad Street Line, We are on the following Bus 
. rout\tS. 28, .59, 159. Hours of opemng are 9-5 Monday to Friday. Closed for LimctJ.. 
1-2. Saturday we are open 9-1 2.30 only. World wide exports. · 

DRAKE *SALES *SERVICE 

!RADIO SHACK LTD 
188 BROADHURST GARDENS, LONDON NW& 3AY 

Giro Account No. 588 71 51. T aleph one: 01:124 ·7'174 

Cables: RBdio Shack, London, NW&. Telex: 23718 

BTS: A Service 
for Churches 
·and Charities 

With extensive experience of 
the needs of broadcasters BTS 
can plan and commission an 
efficient and cost-effective 
studio. We recommend and 
supply a wide range of 
equipment to suit all budgets, 
and we can design · and 
,manufacture specialised items. 

~ontact BTS fo~ advice, whether yo·u need a simple 
vo1ce booth, a stud1o complex or a complete media centre. 

BTS supplies well--known makes of microphones, ­
loudspeakers, tape machines, cassette and tape 
duplication equipment, tapes and cassettes, studio 
hardware. 
- Write t? Alan Foster for an· article on: Design, Planning. 
and .Equ1pment Supply for broadcasters; or Acoustic 
Design and Layout of Studio Buildings; or Sound 
Reinforcement. 

))))) :1 ~ j)))) 
Broadcast Training and Services Ltd. 
2 Hills Road Cambridge CB2 1JP England 
Tsl: Cambridge (STD 0223) 62392 . 

LA·3 
Line Amplifier Transformer 
Balanced 600 ohm-output 

Pre-amps ' Balanced low impedance for m icrophone, high 
impedance general purpose. RIAA Phono, NAB 
lape (1 %, 3%, 71/z , 15ips) . 

Equalizers 
Active (bass, mid-range, treble) high pass filter , 
low pass filter. 

Other Modules 
Line amp, power amp, compressor, sine wave 
oscillator, plug-in power supply. 

Aecenorles 
Sheel metal, sockets , slide pots. 

Low distortion< .1 %, low noise, bi-fet op-amps, 
h1gh slew rate. s1ngle supply (9-36 volts DC). plug-in . 

MIC-4 
Low Impedance 

Microphone Pre-amp 

PS-1 
Power Supply , ~ ~-

24voltsDC 
regulaled 120/240 

VACinput 

• • • 1 
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II "Quality I SESCOM, INC. 
Engineered r~a~~~~?~~g Ava., 

SEND FOR YOUR FREE COPY 
OF OUR NEW CATALOG 

Sound Gardena, CA 90247 U.S.A. We also manufacture 
audio transformers, 

snakes, direct boxes 
and mic-spfitters 

Products" (213) 770-3510, (800).421-1828, 
TWX (91 0) 346-7023 

WW- 052 FOR FURTHER DETAILS 

BI·PRE·PAK 
NICKEL -CADMIUM BATTERIES 
AT LESS THAN 
HALF-PRICE ~rtiTTr\~ 
BY A WORLD­
FAMOUS 
MANUFACTURER 
IN 5 VALUABLE 
SIZES 

e High capacity ior very small size. 
e Wide-temperature operating range. 
e Low internal resistance . e Very sitnple charging circuit required . 
e INDEFINiiE SHELF LIFE. 

81-PRE-PAK L TO. 

BRAND NEW & GUARANTEED 

TO ORDER 
Please sentl cash with order. Minimum order 
£3.00 plus 30p p/p in U.K. Orders over 
£10 carr . paid U .K. All prices inc. V.A.T. 

Ideal ~ portable & emerganGy equip-
111&n1, •nstr'uments, etc. 

!WW) 222-224 West Road 
Westcliff-on-Sea, Eaaex·· 
SS09bF 
Telephone 03708 5543 
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Originally made for a massive 250 watt audio 

power AMP, th is superb Toroidal Transformer 
features excellent regulation , low hum f ield, very .,.:;T;.I•L~~~;."!!!I!o=se:..gumL.eLnt~~;:;..,~_,. 
conservative current rating and small physical common anode direct drive (via 

size . A standard input of 240V A .C. and fou r resistors) f rom 7447 £1 -10each 

separate secondary windings of 2 x 30V @ 4 T IL1 19/0C72 Darlington opto 

amps each and 2 x 18 volts @ 1 amp each isolator 3 for £1 -00 . 

make it ideal for a host of applications including, TIL305 0.3" 7 x 5 matrix LED 

high power amp lifiers. servo drivers, power alphanumeric readouts£3 .75 each. 

~~~h:ies , etc. etc . original cost over £15 .00 PHOTOTRANSISTOR 

Dimensions; 4f x2f 

Single bolt fixing + p&p £1 .60 
Note; Voltages measured off load . 

Once again we are very pleased to offer this superb 

Power Supply Unit, and hope to satisfy most of our 

· previous customers who were disappointed when 

we sold out due to demand, last time they were 

advertised! These units may just have well been 

made for your lab., they consist of a semi-enclosed 

chassis measuring 160mm x 120mm x 350mm 
containing all silicon electronics to give the follow-

. ing fully regulated and short circuit proof outputs of: 

+5v@ 2 amps D.C. + 12v@ 800ma D.C . 
-12v@ BOOma D.C. + 24v@ 350ma D.C . 

and if that's not enough a fully floating 5v output 

@ 50ma D.C. which may be seriesed to give a host 

of other voltages. All outputs are brought out to 

the front panel via miniature jack sockets and are 

also dupl icated at the rear on short flying leads. 
Units accept standard 240v AC mains input. They 

are ex GPO and may have minor scratches on the 

front panels, they are sold untested but in good 

internal condition. Our original price of £16.50 and . 

the recent VAT increase makes these an absolute 

snip at only £15.50 each + £2 .25 P & P. Complete 

with circuit and component list. 
HURRY WHILE STOCKS LAST!! 

HY GRADE SMOOTHING CAPS 
MULLARD- PLESSEY- MALLORY- SPRAGUE 

1500mf 100v 60p'l 3300mf 40v 50p 
3300mf 63v 70p' 1 mf 600v MYLAR 28p 

lO,OOO. rilf 15v£1t 22,000mf 16v£1 .10t 

lOOm! 250v 45p 21 OOmf 200v £2 .50t 

*Ex equipment tested tP.P. 40p 

SEMICONDUCTOR 
'GRAB BAGS' 

Amazing value mi~ed semiconductors, include 

transistors, digital, linear I.C.'s, triacs, diodes, bridge 

recs. etc. etc. All devices guaranteed brand new, full 

spec. with manufacturers marking!!, fully guaranteed. 

50 + BAG £2.95 100 + BAGS £5 .1 5 

to our massive bul purchasing programme 
which enables us to bring you the best possible 

bargains, we have thousands of !.C.'s Transistors, 

Relays, Cap's ., P.C.B.'s, Sub·assemblies, Switches, 
etc. etc. surplus to our requirements. Because we 

don't have sufficient stocks of any one item to 
include in our ads., we are packing all these items 

into the "BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveaway prices! 

Guaranteed to be worth at least 3 rimes what you 
pay plus we always include something from our ads. 

for unbeatable value '! Sold by we ight 

71b£ 5 .25 141b£ 7.96 
281b £13.75 561b £22.00 

PLEASE ADD P + P £1 .25 

Fairchild FPT-100 NPN silicon 

S.C.R.'s 
2N3001 30v 350 rna T018 22p each 6 for £1.00 

All LC.' s and Transistors by 2N4441 50v 8 amps T0220 45p each 10 for £4.00 

well known manufacturers and fully C106D1 400v 5 amps 10202 55p each 10 for £5.00 

guaranteed. No fall outs. Comprehensive TRIACS 

data on LC .' s 15p per type. G.E. 12 amp 600v T0220AB 95p each 10 for £8.75 

2N4351 N channel MOS FET. E.C.C. 1.6 amp 400v T05 38p each 3 for £1.00 

2N4352 P channel MOS FET. A.E.I. 10 amp 400v ready mounted on 2f x 2f' 

· 60peach £1 .00 per pair. heatsink £1.00 each 4 lor £3.75 

~~~~~~~Tt~a~~~~r:~:c~~ 600v LOW PROFILE I. C. SOCKETS 

BVceo 500v BVebo 15v 1 c 5 amps 14 O.I.L 14p each 8 lor £1.00 

Pc 125 watts HFE 60 typ ft 2 .5 mhz 16 D.I.L Bold Plated mil. grade 22p each 6 for £1 .00 

ideal inverters, etc. T03 £1 .60 each 22 O.I.L 27p each 5 lor £1.00 

4 for £5 .40. 24 D.I.L. 35p each 3 for £1.00 

BF258 NPN 250v@ 200ma 45p each OTHER GOODIES 

3 for £1 .08. AF279 low noise P.N.P. germanium up to 780MHZ 

I. R. BSB01 2.5·amp 100v bridge rec. 32p each4 for£1.10 

P. C. mount long leads 35p each 4 for ·2N43ll4.WN720 F.E.T. transistor 37p each 3 for £1 .00 

, £1 .08. LM380NJSL605114 O.l.l. 2 wan A.F. amp BOp 

IN4998 4 amp 100v P.C. mount diodes each8 for£6.00 

long leads 14p each 10 for £1.10. CA30288 DC. 120 MHZ diHerentiallcascode amp 

LM309K + 5v 1.2 ami! regulator £1 .1 0 £1.00 each 3 for £2.50 

each 6 for£5.35 . CA3011 '20 MHZ widebarid amp T099 case 65p 

2N1671 B unjunction 450mw 30v 48p each 21or £1.00 

each 3 for£1 .00 . TMS311C OUAL MOS 128 bit static shift reg. DC. 

IN4004 SD4 1 amp 400v diodes 7p 2.5 MHZ£1.50 each4 for £4.25 

each 18 for£1.00. NE55510for£2.55 

I.R. 12 amp BRIDGE RECS. 400 volt GEC24 zero voltage switch, triac SCR relay driver 

£1.25 each . T05 can £1.10 each 71or £6.50 

POWER DARLINGTON SCOOP! FSA2719 8 independent diodes IN4148, IN914 

MJIOOO NPN 60v 90w 8 amps T03 95p each type in 16 O.l.l. pack 38p each 31or £1.00 
2N6385 PNP 80v 100w 10 amps T03 £1 .25 each FP03725 4 NPN 50v 500ma transistors in 14 

MJC030 NPN. 60v 150w 16 amps T03 £2.25 each O.l.l. pack 70p. each 2 for £1.00 

PLESSEY EDGE STACKABLE DECADE THUMBWHEELSWITCHES. Gold 

plated COntactS dimensionS 2" X 2' X J" 85p each 8 .for £5.35. 

AM PHENOL 50!1 BNC chassis socket single hole fixing 50p each. 

AMPHENOL50!1 BNC plug 50p. 50!1 BNC plug right angled 60p . 

C90 Audio Cassettes screw type construction 45p each 3 for£1 .00 . 

Bulbs24v 14 watt white frosted S.B.C. 8 for £1.00 . 

Bulbs 12v 100 watt clear, base similar S.B.C. 45p each . 

S.B.C. Bulb Holders All steel cad . plated panel mount easily fixed via nut and 

round hole, ideal disco displays, scoreboards, etc. 4 for £1 .10. 

X tal filters S .E.1 QC1121 t/B miniature low insertion loss P.C . mount. 

C.F. 10.7mhz with B.W. of7 .5khz2000!1 imp in-out . Brand new@ £7 .99. 

Heavy Duty Flat Insulated .Earth Braid 1 00-200 amp braided tinned copper 

in heavy clear PVC sheath SOp per metre. £6 for 15 metres + PP £1 per 15 metres. 

BULGIN miniature 6 way male chassis mount socket and matching free plug 

SOp each, 2 for £1.10 . . 

Red L.E.D.'s full spec. 0 .2' 14p each. 10 for£1.25. 

Dynamic Stick Mics 600!1 with built in on/ off switch complete with lead and 

min. jack plug £1.15 each. 10 for £10.00 . 

T05 HEATSINKS "Thermaloy" black anodised press on aluminium finned 

type 18p each . 8 for £1.00 . 

HARDWARE PACK Don't be stuck for the right nut and bolt for the job . Pack 
contains B.A . Metric, Unified, Self Tap, 

etc.'Nuts, Bolts, Screws, Washers, etc. 
in Brass Bronze and Steel. All steel items 

plated. Average contents400-600 pieces. 

Sold by 
weight, 

21bbag . 

16k memory, auto restart, vk8 video set, serial/ 
parallel, printer interface etc . Perfect order . 
£850.00 + VAT+ . 

IMPORTANT 
We have now· moved to larger premises and whilst we are 

recovering! callers are welcome on Fridays and Saturdays between 

9.30am and 5.30pm, and by appointment on other days. 

WIRELESSWORLD, OCTOBER 1979 

HOW TO 
GET HERE 

Victoria, London 
Bridge or Holborn 

Viaduct to 
Thornton Heath . 

1 minute from 
Thornton Heath 

Station. 

Due to an even bigger purchase 
we are now able to pass our bulk 
buy savings direct to you! 

960 characters 12 x 80, 55 key 
TIY keyboard, RS232 interface, 
scroll up, adjustable baud rate 
75-9600 upgradable to 1920 
{24 x 80) characters, lower case 
option, plus many other features. 

Brand New and Boxed - at only 

£2 50 + ~:r~age 
FULL TECHNICAL MANUAL£1 0.00 

POWER SUPPLY UNITS 
5 VOLT 2.5 AMP T.T.L. P.S.U. 

Made for T .T .L . this compact ex computer systems 

unit features a 10 amp transformer with D.C. 

outputs of 5 volts@ 2.5 amps and 7.5 volts@ 

5 amps . The 5 volt output 1s fully regulated and 

smoothed and has electronic currer.t limiting. May 

be easily moded for 5 volts@ 7.8 amps, believed 

working but untested. 240v.A.C. input 

Complete with circu i t £S .25 p. p. £1.&0 

Just what you have been waiting for. made lor a major electronics co. 

this miniature toroidal transformer accepts 240v AC input and gives AC 

outputs of 0·10v @ 1.8 amps and 2 x 0-20v @ 750ma. Intended for an 

MPU supply of +5 and +and -12v. its small physical size of only 2f x 

lf" and negligible hum field make it a snip at only £4 .25 + pp 60p. 

EFFICI~~~~ SMITHS 
RADIAL BLOWERS 

Interface your MPU e1c, with the outside world made 
by the famous "Astralux" Co. They consist of a 

miniature plastic module with mounting holes con­

taining a reed relay for isolation, choke and triac. 
12-20 volts D.C. at a few milliamps enable on/off· 

control of A.C. loada up to 10 amps! The 10 amp 
wl'llion should be mounted on a haataink. 100's of 

U88ll including power control, lighting, etc, etc. 

... IAiiiiiiiiiiiil ... aliMiiiiiiiiiiiiiiAiiiiiiiiiiiill. ~~:h v~~; :i~~ ~~;:~i~~~~t~~~~i :;,~~lnt~~~Pb:~~r~
0~ade 

Oimenaiona:4amp, 1rx1"xf.10 1fx1rx1". 
£1 .45 1 0 £2.10 with circuit 

MAIL ORDER 
INFORMATION 

Unless otherwise stated all prices inclusive of VAT. Cash with order. Minimum 

order value£2 .00. Prices and Postage quoted for UK only. Where post and 

packing not indicated please add 30p per order. Bona Fide account orders 

minimum £10 .00. and trade uiries welcome. Orders despatched 

, same where I Access welcome . 

WW- 116 FOR FURTHER DETAILS 

by Smiths, designed for continuous use in expensive 
electronic equipment very powerful and quiet, gives 

massive air flow to prolong component life and 
reliability. Easily mounted, air aperture --.-.!'lftr:l'D 
2f x 3". ldeallinears etc . 
Please state 240v or 11 Ov 
oper,ation. 50hz only. 
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NEWfrotn 
NEWTRONICS 

The 'EXPLORER 85' is inexpensive 
with all the advantages of a powerful 
board plus potential for 'infinite' ex­
pansion . 
* Uses New Fast INTEL 8085 cpu , 

1 00% compatible with 8080A 
software but 50% taster than 
8080A cpu. 

LEVEL 'C' 
S" 100 main frame expander kit . 
Increases the number of S-1 00 
slots to 6 . Includes all sheet metal , 
5 slot extender board , board ­
guides and brackets. Fits into EXP­
LORER cabinet (less S- 100 pin 

Price 
ex.VAT Pl!o.P 

'EXPLORER 85' * Powerful 2K monitor. 

* 4K user RAM expandable to 64K. 

* Provision for 8K PROM or EPROM. 

* Buffered and decoded S 1 00 ex-

connectors) . . . . . . . . . . . . . . £32.80 · £2.00 

LEVEL 'E' 1 
Add 8K sockets, power supply 
regulator and decoupling com­
ponents for popular 2716 or 2516 
EPROMS (EPROMS not included) 

Microcomputer Kit 
Low cost with On Board 

S-100 expansion 

pansion on board (up to 6 S 1 00 
boards) . 

* Cassette interface (with motor con­
trol and cassette file structure) 
RS232; 20ma loop; 4 8 bit and 1 6 
bit I /0 ports . 

£5.00 Free 

DE LUXE STEEL CABINET FOR 
EXPLORER 85 £33.50 £2.00 

DE LUXE STEEL CABINET FOR 
VIDEO KEYBOARD TER-
MINAL £ 15.00 £2.00 

at£295. +VAT * Programmable 14 bit binary 
counter /timer. 

POWER SUPPLY IN STEEL 
CABINET 

GOLD-PLATED S-100 BUS 
CONNECTORS . . . . . . . . . . 
RF MODULATOR 8kHz required 
when using TV set serial socket . 

£25.00 £2.00 

... -~ -. 

* Separate ASC11 /Video Terminal 
features: a full 1 28-character set 
upper /lower case, full cursor con­
trol , Greek symbols for Maths,_ 7 5 
ohm video output convertible to 
baudot output. selectable baud 
rate, AS 232 or 20ma loop, 1/0. 
64 or 32 characters by 1 6 line 
(monitor or TV). · 

* And lots of other great features. 

S-100 16K RAM EXPAND. 
ABLE. Expandable to 60K on one 

£4.00 

£6.00 

Free 

Free 

board . £165.00 £2.00 

INTEL 80805 Users Manual £6.00 Free 

SK 'MICROSOFT' BASIC ON 
CASSETTE TAPE. The most ver-
satile and popular basic ever writ-
ten. Complete with documentation £53.00 Frae 

Dealer enquiries welcome . For lull details send S.A.E . 

PAYMENT BY: Cheque/ Access/ Barclaycard, etc . FOR PHONE ORDERS CALL 01-739 1 582 . . 

Access/ Barclaycard No. 

Signature 

Print Name 

Address 

Sole U.K. 
Agents: NEWTRONICS 

WW-118 FOR FURTHER DETAILS 

Exp. Date . 

Computer div of H. L. Audio Ltd . 
138 Kingsland Road, London, E2 BBY 

Oept. P /C 
Tei : 01-7391582 

LINES FROM OUR VAST STOCKS- IMMEDIATE DELIVERY 

ALL BELOW MANUFACTURERS' PRICES-' 
All NEW STOCKS. 
Postage & packing add 50p per order. 
NEW SILICON NPN T092 BF216/BF220 
(BC207 eq .) Packs of 100 £3.50, packs of I ,000 
£25.00, pecks of 5,000 £100.00. 
CALCULATOR CHIPS General instrumeni 
GIMT4 on anti-static foam 24 pin S .I.L. socket for 
use with Bowmar display £1.60 ea. Pack of 25 
chips £25. 100 for £80. 500 for £350. 
BOWMAR 9 DIGIT CAi..CULATOR DISPLAY 
with PC connector 0 . 2 digits. Common cathode 

with bezel £1.25 ea. 10 for £10. 
ORP121ight dependent resistance (Eq = RPY30). 
2 for £1, lOfer £4, 100for £35. 

J!~6~~~~ ~;'~; :~b~~:r ~~;.ns 55p, 10 

BECKMAN 500 kca Triggerable clocking 
OSCillator for use with calculator chips 5v supply 

with circuit £1, 10 for £8, 1 00 for £65. 
BURROUGHS 9 DIGIT Panaplex calcu lator 
display 7 segment 0.25" digits. Neon type with 
red bezel socket and data. £1 .95 ea. 10 for £17. 
100for£140. 
HONEYWELL PROXIMITY DETECTOR inte­
gral amplifier Bv D.C. £3.50 ea, 10 for £30. 100 
for £275. 
OSMOR CHANGE OVER REED RELAY 12v 
co~l 20m/a operating current 59x 1 7x1 3mm 75p 
ea. 1 0 for £5, 1 00 for £45. 
MARRIO'n' TAPE HEADS Quarter track 
Type Each Per 1 0 Per 1 00 
XRPS18 Record/Replay 

£3.00 £25.00 £200.00 
XRPS36 Record/Replay 

£4.00 £35.00 £250.00 
XES 11 Erase £1.25 £11 .00 £100.00 

MULLARD AD161-AD162 Matched pairs 
1 pair BOp, 10 pairs £6, I 00 pairs £50. 
Cartons of 000 pairs E250 EX-STOCK 
RADIATION DETECTORS Qua rtz Fibre 
Dosimeters . Pen type with clip with lens and scale 
0-50R. Originally over £5 OUR PRICE 95p 
EACH.lOfor£8. tOOfor£60. l ,OOOfor£500. 
CLOCKING OSCILLATOR (Pya-Dynamics) . 
thick film 1 mHZ supply 5v 19x25x8mm SSp, 10 
for £7, 100 for £60, 500 for £250. 
TV TUNERS by Mullard. U.H.F. 38 mcs size 
33/u2 3Ax1 \4 £2.50 ea. 10 for £20, 10D for 
£175, 500 for £750. I .000 for £1 .250. 
MULLARD TUNER MODULES with data . 
LP1171 combined AM/FM IF strip £3.50. 
LP1 I 79 FM front end with AM tuning gang , used 
With LP117t £3.50. LP1171 and 79 pai r £5.75, 
10 pairs for £50, 100 pairs for £400 . 
CA3085 RCA POSITIVE VARIABLE REG . 
5volt 100m amp variable 1.8-24v 55p ea ., 10 for 
£5, 1 00 for £35, 1, 000 for £300. 
MULLARD LP1157 AM tuner modules with 
circuit £2.50 ea. I 0 for £20. 100 for £175. 

LUSTRAPHONE RIBBON MIKE £1.50, pre 
amp on chass1s 3x2xton. 10 for £12.50. 
5 WATT GOULD-ADVANCE AMPLIFIER 
(built) 500kc into 2K input 4-8 ohms with data £3 
ea. 11.5x6x3cm. 
AVO-S METER MOVEMENTS for military 
~rston . Prectston 37 .5 mtcro-amp (501-'a with 
Integral shunt) movement £1 0.50. 
MINIATURE MAINSTX 240volt, primary 12v, 
100m/amp. S1ze 60x40x42mm. 95p ea. 10 for 
£8, 1 00 for £65, 500 for £260. 
PHOTO CONDUCTIVE CELL £t .25 . High 
po~er Cds cell 600 mw for control ci rc uits . 
Resistance 800 ohm to 4K. Max volts 240. Size 
1\l,xV.in.lOfor£11 , lOOfor£100. 
DYNAMIC MICROPHONE. Low imp. Foster 
lnsert,£1.45, lOfor£11, lOOfor£100. · 
UHFTUNE.R BYGEC. 38mc/swith slow motion 
tuning. Size 5x3x2in, £3 ea. 10 for £25, 100 for 
£220, 500 for £1,000. 
TWO GANG MINIATURE VARICAP TUNER 
500pfwith tuning knob. size 3x1 \12x1 \12in. £1 .25 
ea, lOfor£10, tOO for £85. 

SES-ATES U14552 AUDIO I.C. AMPLIFIER 

~:.::,~ 1 ~Ji~~ ~~~. m watts 55p eaeh. 10 for 

GENERAL ELECTRIC 2+2 watt I.C. stefeo 
~~~~:ips with circuit & data £1.95 each 10 for 

R.C.A. CD4029AE I 6 pin D.I.L. presettage 
up-down counterB5p each 25 for £15.00 1 OOfor 
£50 1000 for £355 (in anti static tubes of 25). 
U.H.F .. TV TUNER (preamp) with BF180 55p 

~~c~o~~.~~Pl.gO bf:r~325x 2in (sold without data) 

::hR1~~~,' izCi go";~~a~o; 5 D1ag6/iZ;i1c~~) 30p 

PLESSEY SL432A I.C. IF amplifier (T099 can) 
55p each tO for £4 100 for £29 500 for £120 
~~~~F. MODULATORS for T.V. games 55p 

2 transistor- on bu ilt P.C. sizes 2 x 2 x 1 % in, 1 o 
for £4 1 00 for £35 500 for £150 
R.F. Filters for above modulators 20p each 
Components and coils on built p. circuit, size 2 x 2 

x 1 \4in, 10 for £3.50 100 for £30 500 for £125 
HIGH VOLTAGE T.V. TRIPLER DIODES BY 

\·~a'ci :~~type per 10 £1.50, per 100 £10, per 

TBA625 ATES variable voltage regulators 55p 
each . 5 volts I DO m/amps (T099) per 10 £4.50, 
per t 00 £39, per 1000 £280. 
MAINS LEADS 2 core 2 metres lengths (grey) 
per 10 £2.50, per t 00 £20, per 1000 £165. 
MM5314 NATIONAL CLOCK CHIPS £1.95 
each, per 10£t7. 
IN914 TYPE DIODES tested, unc.oded in boxes 
of 1.000 £10, 10,000 fo r £76, 100,000 for 
£500. 

Until you've tried it, you won't believe how much capability 

we've packed into the PocketTerminal. We'vegone 

all-outto make itthe most practical and useful hand-held data 
communications device ava ilable. 

Here's just a few of the facilities: 

• Transmits 128 ASCII codes. 

• Dispiays full 64 character 
ASCII set clearly. 

• 30 character memory accessible 
through display. 

• Single 5V supply required at 
400mA max. 

•11 0 or 300 baud transmission, 
selectable. · 

e20mA loop or V24/RS232 level 
versions available. 

• Parity codes and stop bits settable 
to your standard. 

•Reacts to bell, cursor and 
formatting control codes. 

Pocket Terminal is a convenient, versatile, totally 

portable tool for anyone who needs to communicate with 

computers or their peripherals. Send for details now from: 

.I.GR ELECTRONICS LTD. 
• Fairoak House, Church Road, Newport,Gwent NPT7EJ. U.K. 

IJ. Telephone: Newport (0633) 67426 Telex: 28604 Ref.1796 

WW - 101 FOR FURTHER DETAILS 
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Originally made for a massive 250 watt audio 

power AMP, th is superb Toroidal Transformer 
features excellent regulation , low hum f ield, very .,.:;T;.I•L~~~;."!!!I!o=se:..gumL.eLnt~~;:;..,~_,. 
conservative current rating and small physical common anode direct drive (via 

size . A standard input of 240V A .C. and fou r resistors) f rom 7447 £1 -10each 

separate secondary windings of 2 x 30V @ 4 T IL1 19/0C72 Darlington opto 

amps each and 2 x 18 volts @ 1 amp each isolator 3 for £1 -00 . 

make it ideal for a host of applications including, TIL305 0.3" 7 x 5 matrix LED 

high power amp lifiers. servo drivers, power alphanumeric readouts£3 .75 each. 

~~~h:ies , etc. etc . original cost over £15 .00 PHOTOTRANSISTOR 

Dimensions; 4f x2f 

Single bolt fixing + p&p £1 .60 
Note; Voltages measured off load . 

Once again we are very pleased to offer this superb 

Power Supply Unit, and hope to satisfy most of our 

· previous customers who were disappointed when 

we sold out due to demand, last time they were 

advertised! These units may just have well been 

made for your lab., they consist of a semi-enclosed 

chassis measuring 160mm x 120mm x 350mm 
containing all silicon electronics to give the follow-

. ing fully regulated and short circuit proof outputs of: 

+5v@ 2 amps D.C. + 12v@ 800ma D.C . 
-12v@ BOOma D.C. + 24v@ 350ma D.C . 

and if that's not enough a fully floating 5v output 

@ 50ma D.C. which may be seriesed to give a host 

of other voltages. All outputs are brought out to 

the front panel via miniature jack sockets and are 

also dupl icated at the rear on short flying leads. 
Units accept standard 240v AC mains input. They 

are ex GPO and may have minor scratches on the 

front panels, they are sold untested but in good 

internal condition. Our original price of £16.50 and . 

the recent VAT increase makes these an absolute 

snip at only £15.50 each + £2 .25 P & P. Complete 

with circuit and component list. 
HURRY WHILE STOCKS LAST!! 

HY GRADE SMOOTHING CAPS 
MULLARD- PLESSEY- MALLORY- SPRAGUE 

1500mf 100v 60p'l 3300mf 40v 50p 
3300mf 63v 70p' 1 mf 600v MYLAR 28p 

lO,OOO. rilf 15v£1t 22,000mf 16v£1 .10t 

lOOm! 250v 45p 21 OOmf 200v £2 .50t 

*Ex equipment tested tP.P. 40p 

SEMICONDUCTOR 
'GRAB BAGS' 

Amazing value mi~ed semiconductors, include 

transistors, digital, linear I.C.'s, triacs, diodes, bridge 

recs. etc. etc. All devices guaranteed brand new, full 

spec. with manufacturers marking!!, fully guaranteed. 

50 + BAG £2.95 100 + BAGS £5 .1 5 

to our massive bul purchasing programme 
which enables us to bring you the best possible 

bargains, we have thousands of !.C.'s Transistors, 

Relays, Cap's ., P.C.B.'s, Sub·assemblies, Switches, 
etc. etc. surplus to our requirements. Because we 

don't have sufficient stocks of any one item to 
include in our ads., we are packing all these items 

into the "BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveaway prices! 

Guaranteed to be worth at least 3 rimes what you 
pay plus we always include something from our ads. 

for unbeatable value '! Sold by we ight 

71b£ 5 .25 141b£ 7.96 
281b £13.75 561b £22.00 

PLEASE ADD P + P £1 .25 

Fairchild FPT-100 NPN silicon 

S.C.R.'s 
2N3001 30v 350 rna T018 22p each 6 for £1.00 

All LC.' s and Transistors by 2N4441 50v 8 amps T0220 45p each 10 for £4.00 

well known manufacturers and fully C106D1 400v 5 amps 10202 55p each 10 for £5.00 

guaranteed. No fall outs. Comprehensive TRIACS 

data on LC .' s 15p per type. G.E. 12 amp 600v T0220AB 95p each 10 for £8.75 

2N4351 N channel MOS FET. E.C.C. 1.6 amp 400v T05 38p each 3 for £1.00 

2N4352 P channel MOS FET. A.E.I. 10 amp 400v ready mounted on 2f x 2f' 

· 60peach £1 .00 per pair. heatsink £1.00 each 4 lor £3.75 

~~~~~~~Tt~a~~~~r:~:c~~ 600v LOW PROFILE I. C. SOCKETS 

BVceo 500v BVebo 15v 1 c 5 amps 14 O.I.L 14p each 8 lor £1.00 

Pc 125 watts HFE 60 typ ft 2 .5 mhz 16 D.I.L Bold Plated mil. grade 22p each 6 for £1 .00 

ideal inverters, etc. T03 £1 .60 each 22 O.I.L 27p each 5 lor £1.00 

4 for £5 .40. 24 D.I.L. 35p each 3 for £1.00 

BF258 NPN 250v@ 200ma 45p each OTHER GOODIES 

3 for £1 .08. AF279 low noise P.N.P. germanium up to 780MHZ 

I. R. BSB01 2.5·amp 100v bridge rec. 32p each4 for£1.10 

P. C. mount long leads 35p each 4 for ·2N43ll4.WN720 F.E.T. transistor 37p each 3 for £1 .00 

, £1 .08. LM380NJSL605114 O.l.l. 2 wan A.F. amp BOp 

IN4998 4 amp 100v P.C. mount diodes each8 for£6.00 

long leads 14p each 10 for £1.10. CA30288 DC. 120 MHZ diHerentiallcascode amp 

LM309K + 5v 1.2 ami! regulator £1 .1 0 £1.00 each 3 for £2.50 

each 6 for£5.35 . CA3011 '20 MHZ widebarid amp T099 case 65p 

2N1671 B unjunction 450mw 30v 48p each 21or £1.00 

each 3 for£1 .00 . TMS311C OUAL MOS 128 bit static shift reg. DC. 

IN4004 SD4 1 amp 400v diodes 7p 2.5 MHZ£1.50 each4 for £4.25 

each 18 for£1.00. NE55510for£2.55 

I.R. 12 amp BRIDGE RECS. 400 volt GEC24 zero voltage switch, triac SCR relay driver 

£1.25 each . T05 can £1.10 each 71or £6.50 

POWER DARLINGTON SCOOP! FSA2719 8 independent diodes IN4148, IN914 

MJIOOO NPN 60v 90w 8 amps T03 95p each type in 16 O.l.l. pack 38p each 31or £1.00 
2N6385 PNP 80v 100w 10 amps T03 £1 .25 each FP03725 4 NPN 50v 500ma transistors in 14 

MJC030 NPN. 60v 150w 16 amps T03 £2.25 each O.l.l. pack 70p. each 2 for £1.00 

PLESSEY EDGE STACKABLE DECADE THUMBWHEELSWITCHES. Gold 

plated COntactS dimensionS 2" X 2' X J" 85p each 8 .for £5.35. 

AM PHENOL 50!1 BNC chassis socket single hole fixing 50p each. 

AMPHENOL50!1 BNC plug 50p. 50!1 BNC plug right angled 60p . 

C90 Audio Cassettes screw type construction 45p each 3 for£1 .00 . 

Bulbs24v 14 watt white frosted S.B.C. 8 for £1.00 . 

Bulbs 12v 100 watt clear, base similar S.B.C. 45p each . 

S.B.C. Bulb Holders All steel cad . plated panel mount easily fixed via nut and 

round hole, ideal disco displays, scoreboards, etc. 4 for £1 .10. 

X tal filters S .E.1 QC1121 t/B miniature low insertion loss P.C . mount. 

C.F. 10.7mhz with B.W. of7 .5khz2000!1 imp in-out . Brand new@ £7 .99. 

Heavy Duty Flat Insulated .Earth Braid 1 00-200 amp braided tinned copper 

in heavy clear PVC sheath SOp per metre. £6 for 15 metres + PP £1 per 15 metres. 

BULGIN miniature 6 way male chassis mount socket and matching free plug 

SOp each, 2 for £1.10 . . 

Red L.E.D.'s full spec. 0 .2' 14p each. 10 for£1.25. 

Dynamic Stick Mics 600!1 with built in on/ off switch complete with lead and 

min. jack plug £1.15 each. 10 for £10.00 . 

T05 HEATSINKS "Thermaloy" black anodised press on aluminium finned 

type 18p each . 8 for £1.00 . 

HARDWARE PACK Don't be stuck for the right nut and bolt for the job . Pack 
contains B.A . Metric, Unified, Self Tap, 

etc.'Nuts, Bolts, Screws, Washers, etc. 
in Brass Bronze and Steel. All steel items 

plated. Average contents400-600 pieces. 

Sold by 
weight, 

21bbag . 

16k memory, auto restart, vk8 video set, serial/ 
parallel, printer interface etc . Perfect order . 
£850.00 + VAT+ . 

IMPORTANT 
We have now· moved to larger premises and whilst we are 

recovering! callers are welcome on Fridays and Saturdays between 

9.30am and 5.30pm, and by appointment on other days. 
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HOW TO 
GET HERE 

Victoria, London 
Bridge or Holborn 

Viaduct to 
Thornton Heath . 

1 minute from 
Thornton Heath 

Station. 

Due to an even bigger purchase 
we are now able to pass our bulk 
buy savings direct to you! 

960 characters 12 x 80, 55 key 
TIY keyboard, RS232 interface, 
scroll up, adjustable baud rate 
75-9600 upgradable to 1920 
{24 x 80) characters, lower case 
option, plus many other features. 

Brand New and Boxed - at only 

£2 50 + ~:r~age 
FULL TECHNICAL MANUAL£1 0.00 

POWER SUPPLY UNITS 
5 VOLT 2.5 AMP T.T.L. P.S.U. 

Made for T .T .L . this compact ex computer systems 

unit features a 10 amp transformer with D.C. 

outputs of 5 volts@ 2.5 amps and 7.5 volts@ 

5 amps . The 5 volt output 1s fully regulated and 

smoothed and has electronic currer.t limiting. May 

be easily moded for 5 volts@ 7.8 amps, believed 

working but untested. 240v.A.C. input 

Complete with circu i t £S .25 p. p. £1.&0 

Just what you have been waiting for. made lor a major electronics co. 

this miniature toroidal transformer accepts 240v AC input and gives AC 

outputs of 0·10v @ 1.8 amps and 2 x 0-20v @ 750ma. Intended for an 

MPU supply of +5 and +and -12v. its small physical size of only 2f x 

lf" and negligible hum field make it a snip at only £4 .25 + pp 60p. 

EFFICI~~~~ SMITHS 
RADIAL BLOWERS 

Interface your MPU e1c, with the outside world made 
by the famous "Astralux" Co. They consist of a 

miniature plastic module with mounting holes con­

taining a reed relay for isolation, choke and triac. 
12-20 volts D.C. at a few milliamps enable on/off· 

control of A.C. loada up to 10 amps! The 10 amp 
wl'llion should be mounted on a haataink. 100's of 

U88ll including power control, lighting, etc, etc. 

... IAiiiiiiiiiiiil ... aliMiiiiiiiiiiiiiiAiiiiiiiiiiiill. ~~:h v~~; :i~~ ~~;:~i~~~~t~~~~i :;,~~lnt~~~Pb:~~r~
0~ade 

Oimenaiona:4amp, 1rx1"xf.10 1fx1rx1". 
£1 .45 1 0 £2.10 with circuit 

MAIL ORDER 
INFORMATION 

Unless otherwise stated all prices inclusive of VAT. Cash with order. Minimum 

order value£2 .00. Prices and Postage quoted for UK only. Where post and 

packing not indicated please add 30p per order. Bona Fide account orders 

minimum £10 .00. and trade uiries welcome. Orders despatched 

, same where I Access welcome . 
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by Smiths, designed for continuous use in expensive 
electronic equipment very powerful and quiet, gives 

massive air flow to prolong component life and 
reliability. Easily mounted, air aperture --.-.!'lftr:l'D 
2f x 3". ldeallinears etc . 
Please state 240v or 11 Ov 
oper,ation. 50hz only. 
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NEWfrotn 
NEWTRONICS 

The 'EXPLORER 85' is inexpensive 
with all the advantages of a powerful 
board plus potential for 'infinite' ex­
pansion . 
* Uses New Fast INTEL 8085 cpu , 

1 00% compatible with 8080A 
software but 50% taster than 
8080A cpu. 

LEVEL 'C' 
S" 100 main frame expander kit . 
Increases the number of S-1 00 
slots to 6 . Includes all sheet metal , 
5 slot extender board , board ­
guides and brackets. Fits into EXP­
LORER cabinet (less S- 100 pin 

Price 
ex.VAT Pl!o.P 

'EXPLORER 85' * Powerful 2K monitor. 

* 4K user RAM expandable to 64K. 

* Provision for 8K PROM or EPROM. 

* Buffered and decoded S 1 00 ex-

connectors) . . . . . . . . . . . . . . £32.80 · £2.00 

LEVEL 'E' 1 
Add 8K sockets, power supply 
regulator and decoupling com­
ponents for popular 2716 or 2516 
EPROMS (EPROMS not included) 

Microcomputer Kit 
Low cost with On Board 

S-100 expansion 

pansion on board (up to 6 S 1 00 
boards) . 

* Cassette interface (with motor con­
trol and cassette file structure) 
RS232; 20ma loop; 4 8 bit and 1 6 
bit I /0 ports . 

£5.00 Free 

DE LUXE STEEL CABINET FOR 
EXPLORER 85 £33.50 £2.00 

DE LUXE STEEL CABINET FOR 
VIDEO KEYBOARD TER-
MINAL £ 15.00 £2.00 

at£295. +VAT * Programmable 14 bit binary 
counter /timer. 

POWER SUPPLY IN STEEL 
CABINET 

GOLD-PLATED S-100 BUS 
CONNECTORS . . . . . . . . . . 
RF MODULATOR 8kHz required 
when using TV set serial socket . 

£25.00 £2.00 

... -~ -. 

* Separate ASC11 /Video Terminal 
features: a full 1 28-character set 
upper /lower case, full cursor con­
trol , Greek symbols for Maths,_ 7 5 
ohm video output convertible to 
baudot output. selectable baud 
rate, AS 232 or 20ma loop, 1/0. 
64 or 32 characters by 1 6 line 
(monitor or TV). · 

* And lots of other great features. 

S-100 16K RAM EXPAND. 
ABLE. Expandable to 60K on one 

£4.00 

£6.00 

Free 

Free 

board . £165.00 £2.00 

INTEL 80805 Users Manual £6.00 Free 

SK 'MICROSOFT' BASIC ON 
CASSETTE TAPE. The most ver-
satile and popular basic ever writ-
ten. Complete with documentation £53.00 Frae 

Dealer enquiries welcome . For lull details send S.A.E . 

PAYMENT BY: Cheque/ Access/ Barclaycard, etc . FOR PHONE ORDERS CALL 01-739 1 582 . . 

Access/ Barclaycard No. 

Signature 

Print Name 

Address 

Sole U.K. 
Agents: NEWTRONICS 
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Exp. Date . 

Computer div of H. L. Audio Ltd . 
138 Kingsland Road, London, E2 BBY 

Oept. P /C 
Tei : 01-7391582 

LINES FROM OUR VAST STOCKS- IMMEDIATE DELIVERY 

ALL BELOW MANUFACTURERS' PRICES-' 
All NEW STOCKS. 
Postage & packing add 50p per order. 
NEW SILICON NPN T092 BF216/BF220 
(BC207 eq .) Packs of 100 £3.50, packs of I ,000 
£25.00, pecks of 5,000 £100.00. 
CALCULATOR CHIPS General instrumeni 
GIMT4 on anti-static foam 24 pin S .I.L. socket for 
use with Bowmar display £1.60 ea. Pack of 25 
chips £25. 100 for £80. 500 for £350. 
BOWMAR 9 DIGIT CAi..CULATOR DISPLAY 
with PC connector 0 . 2 digits. Common cathode 

with bezel £1.25 ea. 10 for £10. 
ORP121ight dependent resistance (Eq = RPY30). 
2 for £1, lOfer £4, 100for £35. 

J!~6~~~~ ~;'~; :~b~~:r ~~;.ns 55p, 10 

BECKMAN 500 kca Triggerable clocking 
OSCillator for use with calculator chips 5v supply 

with circuit £1, 10 for £8, 1 00 for £65. 
BURROUGHS 9 DIGIT Panaplex calcu lator 
display 7 segment 0.25" digits. Neon type with 
red bezel socket and data. £1 .95 ea. 10 for £17. 
100for£140. 
HONEYWELL PROXIMITY DETECTOR inte­
gral amplifier Bv D.C. £3.50 ea, 10 for £30. 100 
for £275. 
OSMOR CHANGE OVER REED RELAY 12v 
co~l 20m/a operating current 59x 1 7x1 3mm 75p 
ea. 1 0 for £5, 1 00 for £45. 
MARRIO'n' TAPE HEADS Quarter track 
Type Each Per 1 0 Per 1 00 
XRPS18 Record/Replay 

£3.00 £25.00 £200.00 
XRPS36 Record/Replay 

£4.00 £35.00 £250.00 
XES 11 Erase £1.25 £11 .00 £100.00 

MULLARD AD161-AD162 Matched pairs 
1 pair BOp, 10 pairs £6, I 00 pairs £50. 
Cartons of 000 pairs E250 EX-STOCK 
RADIATION DETECTORS Qua rtz Fibre 
Dosimeters . Pen type with clip with lens and scale 
0-50R. Originally over £5 OUR PRICE 95p 
EACH.lOfor£8. tOOfor£60. l ,OOOfor£500. 
CLOCKING OSCILLATOR (Pya-Dynamics) . 
thick film 1 mHZ supply 5v 19x25x8mm SSp, 10 
for £7, 100 for £60, 500 for £250. 
TV TUNERS by Mullard. U.H.F. 38 mcs size 
33/u2 3Ax1 \4 £2.50 ea. 10 for £20, 10D for 
£175, 500 for £750. I .000 for £1 .250. 
MULLARD TUNER MODULES with data . 
LP1171 combined AM/FM IF strip £3.50. 
LP1 I 79 FM front end with AM tuning gang , used 
With LP117t £3.50. LP1171 and 79 pai r £5.75, 
10 pairs for £50, 100 pairs for £400 . 
CA3085 RCA POSITIVE VARIABLE REG . 
5volt 100m amp variable 1.8-24v 55p ea ., 10 for 
£5, 1 00 for £35, 1, 000 for £300. 
MULLARD LP1157 AM tuner modules with 
circuit £2.50 ea. I 0 for £20. 100 for £175. 

LUSTRAPHONE RIBBON MIKE £1.50, pre 
amp on chass1s 3x2xton. 10 for £12.50. 
5 WATT GOULD-ADVANCE AMPLIFIER 
(built) 500kc into 2K input 4-8 ohms with data £3 
ea. 11.5x6x3cm. 
AVO-S METER MOVEMENTS for military 
~rston . Prectston 37 .5 mtcro-amp (501-'a with 
Integral shunt) movement £1 0.50. 
MINIATURE MAINSTX 240volt, primary 12v, 
100m/amp. S1ze 60x40x42mm. 95p ea. 10 for 
£8, 1 00 for £65, 500 for £260. 
PHOTO CONDUCTIVE CELL £t .25 . High 
po~er Cds cell 600 mw for control ci rc uits . 
Resistance 800 ohm to 4K. Max volts 240. Size 
1\l,xV.in.lOfor£11 , lOOfor£100. 
DYNAMIC MICROPHONE. Low imp. Foster 
lnsert,£1.45, lOfor£11, lOOfor£100. · 
UHFTUNE.R BYGEC. 38mc/swith slow motion 
tuning. Size 5x3x2in, £3 ea. 10 for £25, 100 for 
£220, 500 for £1,000. 
TWO GANG MINIATURE VARICAP TUNER 
500pfwith tuning knob. size 3x1 \12x1 \12in. £1 .25 
ea, lOfor£10, tOO for £85. 

SES-ATES U14552 AUDIO I.C. AMPLIFIER 

~:.::,~ 1 ~Ji~~ ~~~. m watts 55p eaeh. 10 for 

GENERAL ELECTRIC 2+2 watt I.C. stefeo 
~~~~:ips with circuit & data £1.95 each 10 for 

R.C.A. CD4029AE I 6 pin D.I.L. presettage 
up-down counterB5p each 25 for £15.00 1 OOfor 
£50 1000 for £355 (in anti static tubes of 25). 
U.H.F .. TV TUNER (preamp) with BF180 55p 

~~c~o~~.~~Pl.gO bf:r~325x 2in (sold without data) 

::hR1~~~,' izCi go";~~a~o; 5 D1ag6/iZ;i1c~~) 30p 

PLESSEY SL432A I.C. IF amplifier (T099 can) 
55p each tO for £4 100 for £29 500 for £120 
~~~~F. MODULATORS for T.V. games 55p 

2 transistor- on bu ilt P.C. sizes 2 x 2 x 1 % in, 1 o 
for £4 1 00 for £35 500 for £150 
R.F. Filters for above modulators 20p each 
Components and coils on built p. circuit, size 2 x 2 

x 1 \4in, 10 for £3.50 100 for £30 500 for £125 
HIGH VOLTAGE T.V. TRIPLER DIODES BY 

\·~a'ci :~~type per 10 £1.50, per 100 £10, per 

TBA625 ATES variable voltage regulators 55p 
each . 5 volts I DO m/amps (T099) per 10 £4.50, 
per t 00 £39, per 1000 £280. 
MAINS LEADS 2 core 2 metres lengths (grey) 
per 10 £2.50, per t 00 £20, per 1000 £165. 
MM5314 NATIONAL CLOCK CHIPS £1.95 
each, per 10£t7. 
IN914 TYPE DIODES tested, unc.oded in boxes 
of 1.000 £10, 10,000 fo r £76, 100,000 for 
£500. 

Until you've tried it, you won't believe how much capability 

we've packed into the PocketTerminal. We'vegone 

all-outto make itthe most practical and useful hand-held data 
communications device ava ilable. 

Here's just a few of the facilities: 

• Transmits 128 ASCII codes. 

• Dispiays full 64 character 
ASCII set clearly. 

• 30 character memory accessible 
through display. 

• Single 5V supply required at 
400mA max. 

•11 0 or 300 baud transmission, 
selectable. · 

e20mA loop or V24/RS232 level 
versions available. 

• Parity codes and stop bits settable 
to your standard. 

•Reacts to bell, cursor and 
formatting control codes. 

Pocket Terminal is a convenient, versatile, totally 

portable tool for anyone who needs to communicate with 

computers or their peripherals. Send for details now from: 

.I.GR ELECTRONICS LTD. 
• Fairoak House, Church Road, Newport,Gwent NPT7EJ. U.K. 

IJ. Telephone: Newport (0633) 67426 Telex: 28604 Ref.1796 
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ELECTRONIC EQUIPMENT CO. ~:~~:F~~~~~ousE 
TANTALUM BEAD CAPACITORS MIXED DIELECTRIC CAPACITORS (Axial LONDON ES 2ND 

Per 10 Per 10 Per 10 l•ds) Per 10 TEL. 01-249 5217 
3.3/3¥ .75 6.8/6¥ 1.00 0.68/20v .75 0.22 600 V.D.C./300 V.A.C. £1.00 TELEX 89 3906 
4.7/3¥ .80 15/&v 1.30 3.3/2Dv 1.28 0 .0022 1000 V.D.C./600 V.A.C. .70 : 5 
~: 1·:~ ~::11: 1:: ~:~: t~ 8:88l~ ~~gg~·.g·.~·.j~~~~~ ·~· :~: ~:~~~~.~.~R~i~=!~r~~!5w 
1.5/6v • .75 22/lOv 1.40 3.3/35v 1.25 0.022 1000 v .D.C./300 V.A .C. .80 Vertical Mount Horizontal Mount 
3.3/6¥ .80 15/16¥ 1.50 6.8/35¥ 1.25 0.047 1000 V.D .C./300 V.A.C. .80 220R 10k 100R 1k 
4.7 !6v .85 1 k 22k 220R 1 Ok 
ELECTROLYTIC CAPACITORS POLYESTERS- Radial L•da (P.C.B. Mtg) 2k2 2M2 470R 47k 

Per 10 Per 10 Per 10 Per 10 All above values 52p per 10, or £3.50 per 100. 
1/10vAXial .35 8/40vAxial .42 6.8/63v £2.40 0 .22/250v .65 SUBMINCERMETTRIMMINGPOTS. 
22/lOv Radial .40 33/40v Axial .45 2 .2/100v 1.75 0.47/250v .80 · Single tum 0.5w 

~~gj~~:~~~l 1 :~~ ~~66~~~ial 1::: 8:8g~%~~ev :~: 6:8~1~gv0v 1 :~: ~:~t!~~~~~ encapsulated. Top adjust for 0.1 in 
100/12vRadial .44 0.47/50vRadial .35 0.068/250v .35 0.015/400v .40 100R 1k 1ok 
5/15v Axial .38 2.2/63v Radial .42 0 .15/250v .60 0.0022/630v .35 200R 2k 20k ~gg~ 
1/1 6v Axial .35 4 70/63v Axial 1.45 500R 5k 50k 
20/16 Axial .42 5/1 OOv Axial .50 SPECIAL OFFER 
100!16Axial .50 6.8/160vAxial .50 Philips GC037 Belt-drive turntable with AllabovevalueslSp. 
1500/16v Radial1.45 synchronous motor. Supplied complete with CONNECTORS, ETC. Per 10 Per 10 

SINGLE ENDED Philips GP401 MK2 cartridge. 2 pin DIN (Speaker) Plugs .80 Sockets .67 
TAG TERMINAL £29.50. Carriage £2. 5 pin DIN (180°) Plugs 1 .35 Sockets 1.45 

2200/ 16v Axial 2.25 3300/25v .35 ea. BSR C129 Autochan9er turntable complete ~in Mono Jack Plugs 1-50 ~~~~:!: ~:~: 
4.7/25vAxial .40 4700/25v .38ea. withcartridge. ~in . stereoJackPiugs 2.20 
4. 7/35v Radial .44 4700/40v .45 ea. £12_50_ Carriage £2 . Phono Pugs red or black skirt .85 
220/35 A· 1 .90 1000/100v 45 ea. Bulgin P428 6-pinfreesocket 3.20 

v x•a Bulgin P430 S/E 3-pin free socket 3.20 
SPRAGUE COMPUTER GRADE ELEC- 2 .5A 12-way barrier strip white P.V.C. 2.50 
TROLYTICS DIODES SA 12-way barrier strip wh ite P.V .C. 2.50 
15,000 uf 1 5v Single ended .70 ea. 400 mw Zeners: 3 .9v, 7.5v, 9 . 1 v, 15v, 20v 30A 3-way barrier strip white nylon 1.50 
120,000 uf 15v Single ended 1.75 ea. .45 per 10 Black P.V.C. tape 15mm x 25m .25p ea. 
3,600 40v Single ended .50 ea. 1.3w Zeners: 3.9v, 4 .3v, 5.1 v, 6.2v, 15v . 25mm x 33mm 35p •· 38mm x 25m .45p ea. 
4, 700 uf 40v Single ended .65 ea. .75p per 10 MOTORS 
METAL CASED POLYCARBONATES 40/60 Bridge Rectifiers 100v, 1.8A .20p. 2 .5A .25p Crompton Parkinson 1A H.P. 1 ph 240v 1425 rpm 
Hz Resilient mounting £22.50 P&P £2 
Single (tag) ended 2 uf 250 V.A.C. .45 ea. POTENTIOMETERS Geared motor 110 V.A.C. Shaded pole construction 
2 uf 440 v .A .C. .SSp 3 .5 41440 VAC. 65p Rotory carbon Pots " Midget Type" . 1 inch stack 70 rpm clockwise £3.50 P&P £1 
5 uf 360 V.A.C. .70p 6 uf 360 V.A.C. SOp Single gang: 5K 1 in, 1 Ok Rlog , 50k 1 in, 250k 1 in Similar to above but 95 rpm £3.50 P&P £1 
10 uf 440 V.A.C. 30 uf 440 V.A.C. £2.25 per 10 ALARM EQUIPMENT 

£1.15 £1.60 Sliders 60mm Track (P.C.B: or direct mounting) . 6 inch Alarm Bells 24-48 v .D.C. working heavy 
MULLARD Axial lead Polyesters (C296) Single gang: 1 Ok log, 4 7k log, 250k log, 500k 1 in, duty finish for exterior use £5.25 ea. P&P £1 
160v.01, .022, .047 70pper10 1Miog £1.85per10 Standard Gent's 6 inch dome bell 24-48 V.D.C . 
400v .0033, 70p per 10. 015, .022 85p per 10. Dual gang: 1 k log, 5k log, 47k 1 in, 1 OOk 1 in, 1 OOk Suitable interior or exterior use £4.50 P&P £1 
.033, .068 £1 per 10. log. 220k 1 in . £2.25 per 10 Smoketec 24v Smoke detector £13 ea. P&P . 7 5p 

MINIMUM ORDER VALUE £5 PLUS VAT. TERMS CWO. PLEASE ADD 15% VAT TO ALL GOODS AND POSTAGE. POSTAGE RATES (EXCEPT WHERE 
OTHERWISE INDICATED) £1 PER ORDER. ORDERS OVER £50 POSTAGE FREE. OVERSEAS ORDERS POSTAGE AT COST. EXPORT AND TRADE 
ENQUIRIES WELCOME. 
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Build any Project· Fast and EasY 
It's the new deal for project builders from Lektrokit! A complete new 

range of breadboarding and testing devices. At prices any·one can afford. 
For any project anyone could want to build- from one-chip simplicity 

to 1,000-chip complexity. 
It's fast and easy project building, too. You simply push 

components in and pull them out. No soldering, no de-soldering, 
no chance of heat damage. You can make design changes 

instantly, keeping full leads on components. 
In fact, with Lektrokit, you can build a project as fast as you 

used to sketch a layout. And a lot more easily. 

LEKTROKIT 
completes the circuit 
See Lektrokit at one of the Lektrokit 
dealers near you. There's bound to be one­
they're springing up everywhere. Send for 
the name of your nearest- plus FREE full­
colour catalogue- to: 

Lektrokit Ltd., Sutton Industrial Park, 
£arley, Reading, l3erks :E{G6 lAZ 
Telephone 0734 669 116 

WW- 085 FOR FURTHER DETAILS 
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BUY an ELF II 
microcomputer 
for less than 
Some TV games 
ELF 11 BOARD WITH VIDEO OUTPUT 
R.C.A. 1802 Cosmac C.P.U. 
AD D-ONS 
• POWER SUPPLY (6.3V AC) for ELF 11 
• ELF 11 DE LUXE STEEL CABINET (IBM Blue) 
• GIANT BOARD KIT System/ Monitor, Interface to/ 

cassette- RS232, TTY, etc. 

KIT 
ONLY 

£79.95 
+ 

VAT 

EX-VAT 
£5.00 

£23.01 

• 4K STATIC RAM board kits (requires expansion power supply) 
£35.00 
£69.44 
£19.00 
£50.58 
£15.02 
£12.83 

• Expansion power supply (required wt_len adding 4K Rams) 
ASC11 Keyboard Kits 96 printable characters, etc. 

• ASC11 d /l ux steel cab (IBM Blue) 
KLUGE prototype board (build your own circuits) 

• 86-pin Gold-plated connectors (each) £4.00 
£6.50 • ELF Light pen writes/draws on TV screens 

Video graphics board 32/64 characters by 1 6 
lines on TV /monitor screens £69.95 

• ELF 11 Tiny basic on cassette £13.50 
ELF 11 Bug/monitor powerful systems monitor I editor £13.50 

• T. PITMANS short course in programming manual (Nil VAT) £4.00 
• T. PITMAN short course on tiny basic manual (Nil VAT) £4.00 
• RCA 1802 users manual (Nil VAT) £4.00 
t• On cassette Text Editor: Assembler: Disassembler (each) £16.95 
SAVE 10% AND BUY ALL THREE TOGETHER I 
All units can be supplied wired and tested I P & P £2.00 
Send S.A.E. for comprehensive brochure 
NEW: GAMES ON TAPE send for list 

Orders to: 

Newtronics. 138 Kingsland Road 
DEALER 
ENQUIRIES 
WELCOME 

London. E2 8BY 
Tel: 01-739 1582 
DEPT. P.E. 

·SOLE U.K. 
AGENTS 
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ELECTRONIC VALVES 
COMPARE OUR PRICES 

082 
OC3 
003 
3824W 
3021A 
6AG5 
6AS6 
6AT6 
6BJ6 

. 6BR7 
6CH6 
6J4WA 

BELOW ARE A FEW EXAMPLES 
FROM OUR EXTENSIVE STOCK 

1.00 
1.50 
1.50 
7.00 

15.00 
0.90 
1.00 
1.25 
1.00 
5.00 
4.50 
4.00 

5656 
6442 
A2134 
A2521 
BT17 
DA42 
DM160 
E88CC 
EA76 
ECC81 
ECC82 
ECC83 

7.00 
15.00 
8.00 
9.00 

45.00 
10.00 
3.00 
3.20 
1.75 
0.75 
0.75 
0.75 

EF37A 3.00 
EF91 1.00 
EF92 1.50 
EF95 1.00 
EL38 8.00 
EL41 1.20 
EL85 3.00 
EL86 1.75 
EY84 6.00 
GXA160 8.00 
ME1400 4.00 
QQV06-40A .15.00 

(VAT EXTRA) 

X61M 
CV131 
CV138 
CV140 
CV371 
CV395 
CV416 
CV850 
CV2179 
CV2492 
CV3998 
CV4044 

2.00 
1.50 
1.00 
0.75 

12.00 
8.00 
3.50 
1.00 
8.00 
3.20 
5.00 
8.00 

Please contact us for quantity discounts and types not listed 
above. Export enquiries welcome. All our valves are tested 
and guaranteed. We supply Government Departments, 
Universities and major manufacturers. 

J. D. ELECTRONICS 
UNIT D6, PEAR INDUSTRIAL ESTATE 

STOCKPORT ROAD WEST 
LOWER BREDBURY 

STOCKPORT, CHESHIRE SK6 2BP 
TEL: 061-406 2441 

WW -115 FOR FURTHER DETAILS 

Logic Test 
Instruments 

Logic Probes 
R~d and green LED lamps indicate 

· logic 1 and 0, and a variety of 
dynamic signa ls. Replaces meter 
or oscilloscope in many 
applications. 
TIL Logic Probe: £23.00 each 
(TIL, OTL & compatible 5V 
logic). 
CMOS Logic 
Probe: £28.75 
each (CMOS 
with 5-15V 
supply) . 

Logic 
Clips 

139' 

Clips on to IC to give 
s-imultaneous indication of 
logic state at each pin. 1 6 

LED lamps with indicator for 
14 or 16 pin ICs. . 

TIL Logic Clip: £34.50 each (TIL, DTL & · 
compatible 5V logic). 

CMOS Logic Clip: £48 .30 each (CMOS with 4.5-18V supply, TIL 
· & OTL) . 

------------~----o Please send details of Logic Probes and Clips. 
0 Please supply goods as detailed below: 

Qty Price 
TIL Logic Probes@ £23.00 

CMOS Logic Probes@ £28 .75 

TIL Logic Clips @ £34.50 

CMOS Logic Clips @ £48.30 

--------------las on credit card) Name 

Address 

Post code _______ Telephone No -------

Signature ________ Da\e 

1:1 Ryley Automation Ltd·. IL, 298 Ringwood Road, Ferndown, Wimborne, Dorset 
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ELECTRONIC EQUIPMENT CO. ~:~~:F~~~~~ousE 
TANTALUM BEAD CAPACITORS MIXED DIELECTRIC CAPACITORS (Axial LONDON ES 2ND 

Per 10 Per 10 Per 10 l•ds) Per 10 TEL. 01-249 5217 
3.3/3¥ .75 6.8/6¥ 1.00 0.68/20v .75 0.22 600 V.D.C./300 V.A.C. £1.00 TELEX 89 3906 
4.7/3¥ .80 15/&v 1.30 3.3/2Dv 1.28 0 .0022 1000 V.D.C./600 V.A.C. .70 : 5 
~: 1·:~ ~::11: 1:: ~:~: t~ 8:88l~ ~~gg~·.g·.~·.j~~~~~ ·~· :~: ~:~~~~.~.~R~i~=!~r~~!5w 
1.5/6v • .75 22/lOv 1.40 3.3/35v 1.25 0.022 1000 v .D.C./300 V.A .C. .80 Vertical Mount Horizontal Mount 
3.3/6¥ .80 15/16¥ 1.50 6.8/35¥ 1.25 0.047 1000 V.D .C./300 V.A.C. .80 220R 10k 100R 1k 
4.7 !6v .85 1 k 22k 220R 1 Ok 
ELECTROLYTIC CAPACITORS POLYESTERS- Radial L•da (P.C.B. Mtg) 2k2 2M2 470R 47k 

Per 10 Per 10 Per 10 Per 10 All above values 52p per 10, or £3.50 per 100. 
1/10vAXial .35 8/40vAxial .42 6.8/63v £2.40 0 .22/250v .65 SUBMINCERMETTRIMMINGPOTS. 
22/lOv Radial .40 33/40v Axial .45 2 .2/100v 1.75 0.47/250v .80 · Single tum 0.5w 

~~gj~~:~~~l 1 :~~ ~~66~~~ial 1::: 8:8g~%~~ev :~: 6:8~1~gv0v 1 :~: ~:~t!~~~~~ encapsulated. Top adjust for 0.1 in 
100/12vRadial .44 0.47/50vRadial .35 0.068/250v .35 0.015/400v .40 100R 1k 1ok 
5/15v Axial .38 2.2/63v Radial .42 0 .15/250v .60 0.0022/630v .35 200R 2k 20k ~gg~ 
1/1 6v Axial .35 4 70/63v Axial 1.45 500R 5k 50k 
20/16 Axial .42 5/1 OOv Axial .50 SPECIAL OFFER 
100!16Axial .50 6.8/160vAxial .50 Philips GC037 Belt-drive turntable with AllabovevalueslSp. 
1500/16v Radial1.45 synchronous motor. Supplied complete with CONNECTORS, ETC. Per 10 Per 10 

SINGLE ENDED Philips GP401 MK2 cartridge. 2 pin DIN (Speaker) Plugs .80 Sockets .67 
TAG TERMINAL £29.50. Carriage £2. 5 pin DIN (180°) Plugs 1 .35 Sockets 1.45 

2200/ 16v Axial 2.25 3300/25v .35 ea. BSR C129 Autochan9er turntable complete ~in Mono Jack Plugs 1-50 ~~~~:!: ~:~: 
4.7/25vAxial .40 4700/25v .38ea. withcartridge. ~in . stereoJackPiugs 2.20 
4. 7/35v Radial .44 4700/40v .45 ea. £12_50_ Carriage £2 . Phono Pugs red or black skirt .85 
220/35 A· 1 .90 1000/100v 45 ea. Bulgin P428 6-pinfreesocket 3.20 

v x•a Bulgin P430 S/E 3-pin free socket 3.20 
SPRAGUE COMPUTER GRADE ELEC- 2 .5A 12-way barrier strip white P.V.C. 2.50 
TROLYTICS DIODES SA 12-way barrier strip wh ite P.V .C. 2.50 
15,000 uf 1 5v Single ended .70 ea. 400 mw Zeners: 3 .9v, 7.5v, 9 . 1 v, 15v, 20v 30A 3-way barrier strip white nylon 1.50 
120,000 uf 15v Single ended 1.75 ea. .45 per 10 Black P.V.C. tape 15mm x 25m .25p ea. 
3,600 40v Single ended .50 ea. 1.3w Zeners: 3.9v, 4 .3v, 5.1 v, 6.2v, 15v . 25mm x 33mm 35p •· 38mm x 25m .45p ea. 
4, 700 uf 40v Single ended .65 ea. .75p per 10 MOTORS 
METAL CASED POLYCARBONATES 40/60 Bridge Rectifiers 100v, 1.8A .20p. 2 .5A .25p Crompton Parkinson 1A H.P. 1 ph 240v 1425 rpm 
Hz Resilient mounting £22.50 P&P £2 
Single (tag) ended 2 uf 250 V.A.C. .45 ea. POTENTIOMETERS Geared motor 110 V.A.C. Shaded pole construction 
2 uf 440 v .A .C. .SSp 3 .5 41440 VAC. 65p Rotory carbon Pots " Midget Type" . 1 inch stack 70 rpm clockwise £3.50 P&P £1 
5 uf 360 V.A.C. .70p 6 uf 360 V.A.C. SOp Single gang: 5K 1 in, 1 Ok Rlog , 50k 1 in, 250k 1 in Similar to above but 95 rpm £3.50 P&P £1 
10 uf 440 V.A.C. 30 uf 440 V.A.C. £2.25 per 10 ALARM EQUIPMENT 

£1.15 £1.60 Sliders 60mm Track (P.C.B: or direct mounting) . 6 inch Alarm Bells 24-48 v .D.C. working heavy 
MULLARD Axial lead Polyesters (C296) Single gang: 1 Ok log, 4 7k log, 250k log, 500k 1 in, duty finish for exterior use £5.25 ea. P&P £1 
160v.01, .022, .047 70pper10 1Miog £1.85per10 Standard Gent's 6 inch dome bell 24-48 V.D.C . 
400v .0033, 70p per 10. 015, .022 85p per 10. Dual gang: 1 k log, 5k log, 47k 1 in, 1 OOk 1 in, 1 OOk Suitable interior or exterior use £4.50 P&P £1 
.033, .068 £1 per 10. log. 220k 1 in . £2.25 per 10 Smoketec 24v Smoke detector £13 ea. P&P . 7 5p 

MINIMUM ORDER VALUE £5 PLUS VAT. TERMS CWO. PLEASE ADD 15% VAT TO ALL GOODS AND POSTAGE. POSTAGE RATES (EXCEPT WHERE 
OTHERWISE INDICATED) £1 PER ORDER. ORDERS OVER £50 POSTAGE FREE. OVERSEAS ORDERS POSTAGE AT COST. EXPORT AND TRADE 
ENQUIRIES WELCOME. 
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Build any Project· Fast and EasY 
It's the new deal for project builders from Lektrokit! A complete new 

range of breadboarding and testing devices. At prices any·one can afford. 
For any project anyone could want to build- from one-chip simplicity 

to 1,000-chip complexity. 
It's fast and easy project building, too. You simply push 

components in and pull them out. No soldering, no de-soldering, 
no chance of heat damage. You can make design changes 

instantly, keeping full leads on components. 
In fact, with Lektrokit, you can build a project as fast as you 

used to sketch a layout. And a lot more easily. 

LEKTROKIT 
completes the circuit 
See Lektrokit at one of the Lektrokit 
dealers near you. There's bound to be one­
they're springing up everywhere. Send for 
the name of your nearest- plus FREE full­
colour catalogue- to: 

Lektrokit Ltd., Sutton Industrial Park, 
£arley, Reading, l3erks :E{G6 lAZ 
Telephone 0734 669 116 
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BUY an ELF II 
microcomputer 
for less than 
Some TV games 
ELF 11 BOARD WITH VIDEO OUTPUT 
R.C.A. 1802 Cosmac C.P.U. 
AD D-ONS 
• POWER SUPPLY (6.3V AC) for ELF 11 
• ELF 11 DE LUXE STEEL CABINET (IBM Blue) 
• GIANT BOARD KIT System/ Monitor, Interface to/ 

cassette- RS232, TTY, etc. 

KIT 
ONLY 

£79.95 
+ 

VAT 

EX-VAT 
£5.00 

£23.01 

• 4K STATIC RAM board kits (requires expansion power supply) 
£35.00 
£69.44 
£19.00 
£50.58 
£15.02 
£12.83 

• Expansion power supply (required wt_len adding 4K Rams) 
ASC11 Keyboard Kits 96 printable characters, etc. 

• ASC11 d /l ux steel cab (IBM Blue) 
KLUGE prototype board (build your own circuits) 

• 86-pin Gold-plated connectors (each) £4.00 
£6.50 • ELF Light pen writes/draws on TV screens 

Video graphics board 32/64 characters by 1 6 
lines on TV /monitor screens £69.95 

• ELF 11 Tiny basic on cassette £13.50 
ELF 11 Bug/monitor powerful systems monitor I editor £13.50 

• T. PITMANS short course in programming manual (Nil VAT) £4.00 
• T. PITMAN short course on tiny basic manual (Nil VAT) £4.00 
• RCA 1802 users manual (Nil VAT) £4.00 
t• On cassette Text Editor: Assembler: Disassembler (each) £16.95 
SAVE 10% AND BUY ALL THREE TOGETHER I 
All units can be supplied wired and tested I P & P £2.00 
Send S.A.E. for comprehensive brochure 
NEW: GAMES ON TAPE send for list 

Orders to: 

Newtronics. 138 Kingsland Road 
DEALER 
ENQUIRIES 
WELCOME 

London. E2 8BY 
Tel: 01-739 1582 
DEPT. P.E. 

·SOLE U.K. 
AGENTS 
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ELECTRONIC VALVES 
COMPARE OUR PRICES 

082 
OC3 
003 
3824W 
3021A 
6AG5 
6AS6 
6AT6 
6BJ6 

. 6BR7 
6CH6 
6J4WA 

BELOW ARE A FEW EXAMPLES 
FROM OUR EXTENSIVE STOCK 

1.00 
1.50 
1.50 
7.00 

15.00 
0.90 
1.00 
1.25 
1.00 
5.00 
4.50 
4.00 

5656 
6442 
A2134 
A2521 
BT17 
DA42 
DM160 
E88CC 
EA76 
ECC81 
ECC82 
ECC83 

7.00 
15.00 
8.00 
9.00 

45.00 
10.00 
3.00 
3.20 
1.75 
0.75 
0.75 
0.75 

EF37A 3.00 
EF91 1.00 
EF92 1.50 
EF95 1.00 
EL38 8.00 
EL41 1.20 
EL85 3.00 
EL86 1.75 
EY84 6.00 
GXA160 8.00 
ME1400 4.00 
QQV06-40A .15.00 

(VAT EXTRA) 

X61M 
CV131 
CV138 
CV140 
CV371 
CV395 
CV416 
CV850 
CV2179 
CV2492 
CV3998 
CV4044 

2.00 
1.50 
1.00 
0.75 

12.00 
8.00 
3.50 
1.00 
8.00 
3.20 
5.00 
8.00 

Please contact us for quantity discounts and types not listed 
above. Export enquiries welcome. All our valves are tested 
and guaranteed. We supply Government Departments, 
Universities and major manufacturers. 

J. D. ELECTRONICS 
UNIT D6, PEAR INDUSTRIAL ESTATE 

STOCKPORT ROAD WEST 
LOWER BREDBURY 

STOCKPORT, CHESHIRE SK6 2BP 
TEL: 061-406 2441 
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Logic Test 
Instruments 

Logic Probes 
R~d and green LED lamps indicate 

· logic 1 and 0, and a variety of 
dynamic signa ls. Replaces meter 
or oscilloscope in many 
applications. 
TIL Logic Probe: £23.00 each 
(TIL, OTL & compatible 5V 
logic). 
CMOS Logic 
Probe: £28.75 
each (CMOS 
with 5-15V 
supply) . 

Logic 
Clips 

139' 

Clips on to IC to give 
s-imultaneous indication of 
logic state at each pin. 1 6 

LED lamps with indicator for 
14 or 16 pin ICs. . 

TIL Logic Clip: £34.50 each (TIL, DTL & · 
compatible 5V logic). 

CMOS Logic Clip: £48 .30 each (CMOS with 4.5-18V supply, TIL 
· & OTL) . 

------------~----o Please send details of Logic Probes and Clips. 
0 Please supply goods as detailed below: 

Qty Price 
TIL Logic Probes@ £23.00 

CMOS Logic Probes@ £28 .75 

TIL Logic Clips @ £34.50 

CMOS Logic Clips @ £48.30 

--------------las on credit card) Name 

Address 

Post code _______ Telephone No -------

Signature ________ Da\e 

1:1 Ryley Automation Ltd·. IL, 298 Ringwood Road, Ferndown, Wimborne, Dorset 
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Appointments 
,.___ ~ 

·Advertisements accepte~ 
1 up to 12 noon Friday, Sep­
tember 28th for November 
issue, subject to space being . 
available. 

DISPLAYEf:! APPOINTMENTS VACANT: £10.00 per single col. centimetre (min. 3cm). , 
LINE advertisements (run on): £1.50 per line, minimum three lines. ; 
BOX NUMBERS: 70p extra. (Replies should be addressed to the Box Number in the~ 
adv~rtis~me!lt, c/o Wireless Wor.lct,_ J)orset House, Stamford Street, London SEl 9LU.) 
PHONE: NeilMcDonnell on 01-2618508 , 
Classified Advertisement Rates are currently zero rated for the purpose of V.A. T. 

~ 
ROHDE&SCHWARZ 

Independent concern 

4, 500 employees internationally represented in 80 countries 
require 

SENIOR TEST AND CALIBRATION 
ENGINEERS 

With _a background in _RF and microwaves, experienced in ~nalogue, digital 
technrques, log1c and microprocessor controlled ATE. 

also vacancies exist for 

TEST & CALIBRATION ENGINEERS 
with knowledge on one or more of the above techniques. 

We offer an exceptional salary* Perfo~mance related bonus scheme* Training 
abroad * Pr~spects of pr~motion *A wide variety of work *A happy atmosphere 
* Non-contnbutory pens1on scheme *Subsidised restaurant . 

Please write or phone to: 
Mr. Z. Eres (Technical Manager) extension 43. 

·Electronic InStruments & Communicati9r\S Equipment 

aveley ~ 
e ecttic LTo ru1J1J1 "(Y 

Roebuck Road, Chessington, Surrey KT9 1 LP 
Tel: 01-397 8771. Telex: 928479 Aveley (9492) 

The Government Communications Centre at Milton 
Keynes !"low requires several of the above qualified staff 
~o contribute to the Centre's growing reputation. Our work 
IS often novel, always challenging and requiring a high 
level of dedication and application to the task. The fields 
of work are increasingly offering new opportunities for 
caree~ ~evel~pm~nt and experience in .VHF, HF general 
and d_Ig~tal CirCUitry, design and development. 

Mmimum qualification needed is HNC. · 
S~lari~s ranging up to £6737 per annum depending on 

qualificatiOns and experience. 

We ~re situated close to Milton Keynes, a fast growing 
town _with ~a?:Y modern entertainment, shopping and 
sportu~g facilities. The area is crossed by several main 
travellmg routes and reasonably priced housing is 
available. 

Please apply for an application form to the Recruitment 
Officer, HM Government Communications Centre 
Hanslope Park, Hanslope, Milton Keynes, MK19 7BH. 

Hans lope Park- is vital to your career. 

Marine Radio 
Service Engineers 
Glasgow, Aberdeen, 
Tilbury and Cardiff . 
. International Marine Radio Co. is engaged 
1n the manufacture of high quality marine com­
munication equipment. We have vacancies for 
Marine Radio Service Engineers in our Glas­
gow, Aberdeen, Tilbury and Cardiff Depot's. 

The work will be concerned with installation 
and service of communication equipment on 
board commercial vessels of all types. 

Ideal candidates, male or female, will 
have had at least three years sea experience 
as _a R_adio/E~ectronics Officer. A company 
vehicle 1s provided for business and personal 
use. 

For further details on these positions 
please contact: Jonathan Smith, International 
Marine Radio Co. ltd., lntelco House, 302 
Commonside E:ast, Mitcham CR4 1YT, Surrey. 
Tel: 01-640 3400. 

IMRC An Associate Company 
Standard Telephones and Cables Ltd. 

(9728) 
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An imprint for 
the future . . ·.·· .· ... 

The development of solid state 
technology undoubtedlymarJ{s an 
important stage in man's history. 

At Honeywell we are committed 
to its extension into all areas of 
potential benefit. The end of 1979 will 
see the opening of our new facility, 
devoted exclusively to examining the 

. applicational possibilities within the 
European market, particularly in the 
areas of ins~rument and control. 

Based at Newhouse, Lanarkshire, 
close to our design and development 
facility, the Solid State Applications 
Centre therefore represents a major 
investment, not only for Honeywell, 
but also for Scotland and the UK as a 
whole. Our investment amounts to 
more than £1 million and will provide 
advanced facilities including 
computer-aided design. 

The Centre's small, highly 
specialised team will work in close 
co-operation with the marketing 
function and the research·group in 
Minneapolis, USA, in investigation 
and analysis of user-oriented 
problems, design specification, 
through prototype development and 
presentation to the client. In the 
longer term, the aim of their work 
will be to enlarge the product range 
of our Scottish operations. 

Commercial awareness - of cost, 
practical and time factors -will be as 
important in the engineer~s the 
technical capacity to contribute to 
this advanced undertaking. Sound 
relevant R&D experience is 
necessary; however, since the wO{k is 
of a very specialist nature, extensive 
training will be available in USA. 

Project Engineers: 
These are senior appointments, 

with responsibility for individual 
development projects within defined 
technical and financial goals. 
Applicants must be fully qualified 
electronics engineers, who have 
proven ability to work with multi­
discipline engineering teams and with 
considerable professional experience 
in at least one of the following: micro­
electronics/solid state design; 
microprocessor software engineering; 
opto-electronics for object 
recognition; real-time computer 
control techniques; advanced electro­
mechanical instrument designs. 

The work will entail spending 
periods of up to six months in USA to 
assist in technology transfer. 

Design Engineers: 
Electronic design engineers with 

some specific experience in control 
engineering and instrument design are 
needed for a variety of advanced 
design work. 

I c SOLID STATE 
Engineers: _AP_P_L_,c_A_r•_o_Ns ....... ~ 

Qualified integrated circuit 
designers with 2 years' minimum 
experience and at least one 
successfully completed design cycle 
are required to work on specialist 
solid state designs involving both 
analog and digital techniques. 
Developments will also include thick 
and thin film circuit techniques. 

The salary and benefits packages 
attached to these posts will be 
attractive to the highest calibre of 
men and women, and career 
prospects in this stimulating and 
innovative environment are 
exceptional. 

To apply, please contact: 
David Miller, Management 
Development Manager, 
HONEYWELL LIMITED, 
Newhouse Industrial Estate, 
MOTHERWELL, 
Lanarkshire ML15SB 
Tel. Holytown 732100 
Extension 627 

Honeywell 
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~ 
ROHDE&SCHWARZ 

Independent concern 

4, 500 employees internationally represented in 80 countries 
require 

SENIOR TEST AND CALIBRATION 
ENGINEERS 

With _a background in _RF and microwaves, experienced in ~nalogue, digital 
technrques, log1c and microprocessor controlled ATE. 

also vacancies exist for 

TEST & CALIBRATION ENGINEERS 
with knowledge on one or more of the above techniques. 

We offer an exceptional salary* Perfo~mance related bonus scheme* Training 
abroad * Pr~spects of pr~motion *A wide variety of work *A happy atmosphere 
* Non-contnbutory pens1on scheme *Subsidised restaurant . 

Please write or phone to: 
Mr. Z. Eres (Technical Manager) extension 43. 

·Electronic InStruments & Communicati9r\S Equipment 

aveley ~ 
e ecttic LTo ru1J1J1 "(Y 

Roebuck Road, Chessington, Surrey KT9 1 LP 
Tel: 01-397 8771. Telex: 928479 Aveley (9492) 

The Government Communications Centre at Milton 
Keynes !"low requires several of the above qualified staff 
~o contribute to the Centre's growing reputation. Our work 
IS often novel, always challenging and requiring a high 
level of dedication and application to the task. The fields 
of work are increasingly offering new opportunities for 
caree~ ~evel~pm~nt and experience in .VHF, HF general 
and d_Ig~tal CirCUitry, design and development. 

Mmimum qualification needed is HNC. · 
S~lari~s ranging up to £6737 per annum depending on 

qualificatiOns and experience. 

We ~re situated close to Milton Keynes, a fast growing 
town _with ~a?:Y modern entertainment, shopping and 
sportu~g facilities. The area is crossed by several main 
travellmg routes and reasonably priced housing is 
available. 

Please apply for an application form to the Recruitment 
Officer, HM Government Communications Centre 
Hanslope Park, Hanslope, Milton Keynes, MK19 7BH. 

Hans lope Park- is vital to your career. 

Marine Radio 
Service Engineers 
Glasgow, Aberdeen, 
Tilbury and Cardiff . 
. International Marine Radio Co. is engaged 
1n the manufacture of high quality marine com­
munication equipment. We have vacancies for 
Marine Radio Service Engineers in our Glas­
gow, Aberdeen, Tilbury and Cardiff Depot's. 

The work will be concerned with installation 
and service of communication equipment on 
board commercial vessels of all types. 

Ideal candidates, male or female, will 
have had at least three years sea experience 
as _a R_adio/E~ectronics Officer. A company 
vehicle 1s provided for business and personal 
use. 

For further details on these positions 
please contact: Jonathan Smith, International 
Marine Radio Co. ltd., lntelco House, 302 
Commonside E:ast, Mitcham CR4 1YT, Surrey. 
Tel: 01-640 3400. 

IMRC An Associate Company 
Standard Telephones and Cables Ltd. 

(9728) 
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An imprint for 
the future . . ·.·· .· ... 

The development of solid state 
technology undoubtedlymarJ{s an 
important stage in man's history. 

At Honeywell we are committed 
to its extension into all areas of 
potential benefit. The end of 1979 will 
see the opening of our new facility, 
devoted exclusively to examining the 

. applicational possibilities within the 
European market, particularly in the 
areas of ins~rument and control. 

Based at Newhouse, Lanarkshire, 
close to our design and development 
facility, the Solid State Applications 
Centre therefore represents a major 
investment, not only for Honeywell, 
but also for Scotland and the UK as a 
whole. Our investment amounts to 
more than £1 million and will provide 
advanced facilities including 
computer-aided design. 

The Centre's small, highly 
specialised team will work in close 
co-operation with the marketing 
function and the research·group in 
Minneapolis, USA, in investigation 
and analysis of user-oriented 
problems, design specification, 
through prototype development and 
presentation to the client. In the 
longer term, the aim of their work 
will be to enlarge the product range 
of our Scottish operations. 

Commercial awareness - of cost, 
practical and time factors -will be as 
important in the engineer~s the 
technical capacity to contribute to 
this advanced undertaking. Sound 
relevant R&D experience is 
necessary; however, since the wO{k is 
of a very specialist nature, extensive 
training will be available in USA. 

Project Engineers: 
These are senior appointments, 

with responsibility for individual 
development projects within defined 
technical and financial goals. 
Applicants must be fully qualified 
electronics engineers, who have 
proven ability to work with multi­
discipline engineering teams and with 
considerable professional experience 
in at least one of the following: micro­
electronics/solid state design; 
microprocessor software engineering; 
opto-electronics for object 
recognition; real-time computer 
control techniques; advanced electro­
mechanical instrument designs. 

The work will entail spending 
periods of up to six months in USA to 
assist in technology transfer. 

Design Engineers: 
Electronic design engineers with 

some specific experience in control 
engineering and instrument design are 
needed for a variety of advanced 
design work. 

I c SOLID STATE 
Engineers: _AP_P_L_,c_A_r•_o_Ns ....... ~ 

Qualified integrated circuit 
designers with 2 years' minimum 
experience and at least one 
successfully completed design cycle 
are required to work on specialist 
solid state designs involving both 
analog and digital techniques. 
Developments will also include thick 
and thin film circuit techniques. 

The salary and benefits packages 
attached to these posts will be 
attractive to the highest calibre of 
men and women, and career 
prospects in this stimulating and 
innovative environment are 
exceptional. 

To apply, please contact: 
David Miller, Management 
Development Manager, 
HONEYWELL LIMITED, 
Newhouse Industrial Estate, 
MOTHERWELL, 
Lanarkshire ML15SB 
Tel. Holytown 732100 
Extension 627 

Honeywell 
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Seek failure 
and Imd success 
c.£7,000 

Correct component choice is a comerstone of Rank Xerox design philosophy. It has 
to be right to ensure our continuing world wide commercial success. 

We seek a special type of engineer; who has riot ~nly a strong background and 
traiillng in electronics, but also an enquiring mind and the necessary acumen to 
interact with designers, production engineers, major component suppliers and 
purchasing staff. Your role will include the establishing of specifications for com­
ponents, their resourcing, negotiation, overall test, modification and application. We 
have invested heavily in ATE, and so some software knowledge would be useful. 

Male or female, you should have at least HNC level qualifications ·and electronics 
experience in an industrial or R & D environment, preferably in component manu­
facture. Based at our Welwyn Garden City headquarters, you will occasionally be 
required to travel in both Europe and USA. Thorough specialised training will be 
provided, and there are excellent prospects for rapid career advancement within this 
stimulating world wide meritocracy. 

Most vacancies are at senior level, but we would also like to hear from those with less 
· experience. 

Salaries circa £7,000 are offered. Our benefits package is superb and includes a 
generous and all embracing re-location package to enable those living outside the 
area to move to this desirable location within easy reach ofLondon. For an application 
form and company information package please telephone Jim Collingham on 
0908 312870 or write to him at Rank Xerox Engineering Group, 30 Church Street, 
Welwyn, Herts. AL6 9LX. 

~ ~~~J< xJPE •• R.o.~-------(9696-~ , 
Foreign and Commonwealth Office 

WIRELESS WORLD, OCTOBER 1979 

-THE THOMSON FOUN DATION 
TELEVISION COLLEGE 

VACANCIES AVAILABLE: 
A) SENIOR 

ENGI N EERI NG 
LECTU RE R 

B) ENGINEERING 
LECTURER 

Applicants· must have had professio­
nal broadcast television experience of 
not less than three years for Lecturer. 
and seven years for Senior Lecturer. 
Duties include theoretical and practi­
cal training of broadcast engineers 
and technicians from overseas pro­
fessional television stations. 
These posts are based in a Student 
Residential College which houses a 
fully operational television station, 
and is situated in the rural suburb of 
Newton Mearns, near Glasgow. 
Desirable qualifications: Degree, HND 
or equivalent . Recent practical broad­
cast experience essential. 
Starting salary negotiable - En­
gineering Lecturer £7 ,000+ , Senior 
Engineering Lecturer £8.000+ . 
Applications in writing to The Prin­
cipal, Thomson Foundation Television 
College, Kirkhill House, Broom Road 
East, Newton Mearns, Glasgow. G77 
5~H . (9671) 

UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF PHYSICS 

RESEARCH 
TECHNICIAN 

GRADE S 
To assist with preparing, com­
missioning and running apparatus in a 
Solid State Physics Group. Relevant 
experience necessary and some 
knowledge of electronics or workshop 
practice an advantage. Initiative and 
ability to work co-operatively import­
ant. O.N.C. or equivalent qualification 
essential. Salary within a range 
£3700-£4320 p.a. (under review). 
Application forms may be obtained 
from The Register, The University, 
P.O. Box 147, Liverpool L69 3BX. 
Quote Ref: RV 1766/WW. 

(9712) 

REQUIRED: TELECOMMUNICATIONS 
OFFICERS SENIOR ENGINEER 

£457 5-£6100 (from 1.1.80) 

. . . . at Hanslope Park, Milto
1

n Keynes, for work on the installation, 
maintenance and operation of HF communication equipment, 
VHF, .UHF and microwave links and associated test equipment, 
teleprmters and other specialised equipment. 

~andida~es shou_ld no_rma.lly. have ON~ in Eng~neering (with a pass 
m Electncal Engmeenng A ) or Applied Phys1cs, or an equivalent 
quah_f1cat1on, and have served an apprenticeship or had equivalent 
trammg, but ex-~ervice pe_ople wh~ have had suitable training and 
at least 3 years appropnate serv1ce (as Staff Sergeant or equi­
valent) will also be considered . 

~alary, starting between £3795 and £5015 (according to age), 
nses t~ £5415 ; (to become £4575 -£6100 from 1 . 1 .80) . 
Promotion prospects. Non-contnbutory pens1on scheme. 

For further details _and an _application form (to be returned by 11 
Oct?ber 1979) wnte to Civil Service Commission, Alencon Link, 
Bas1ngstoke, H~nts RG?1 1JB or telephone Basingstoke (0256) 
68551 (answenng serv1ce operates outside office hours) . Please 
quote ref: T /522 1 . 

(9707) 

~alary. in accordance with ACTT national agreement plus local 
1ncent1ve . 

The engineer required is to join a specialist team engaged in 
sophisticated video tape post production in the heart of 
West 1 . 

The duties will be editing on U-matic, and the operation of all 
VTR formats . The applicant will be required to become 
competent in all VTR operations. It is essential that the 
candidate for this job be familiar with facilities operations and 
accustomed to dealing with clients . 

Th_is job ~epresents a unique opportunity for a VTR engineer or 
ed1tor w1th at least two years' experience in Broadcast, or 
Broadcast Standard TV . 

Please contact Barry Stevens on : 01-439 8 241 

8, Poland Street, london, WlV 3DG. 
(9686) 
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Gon9~r~ stD'Y· &et:Beer 
. ~~1~ f\111B't . 

Assistant Product Managers 
(Starting salaries circa £7K) 
We are looking for either (a) bright young 
graduates eager to be trained in depth in 
their chosen product and the needs of the 
625 line markets, or (b) engineers·or 
technicians who are already widely 
experienced with cameras, TBC's, 1" Helical 
Scan VTR's or High Band U-Matic VTRs 
(BVU) coupled with an existing 
comprehensive knowledge of the needs of 
the EAME market including the strengths 
and weaknesses of our competitors' 
products. The var ious Product development 
groups in Sony Broadcast rely very heavily 
on the product planning advice from the 
Product Managers ih the field and these are 
jobs for those who want to become top 
experts in their chosen speciality coupled 
with extensive travel in Europe, Africa and 
the Middle East; at feast one visit to Japan 
within the first 12 months and thereafter at 
regular intervals. Four vacancies exist, one 
for each of the product categories above. 

~~ Yes, having in the last year . ur ~ T:~quipment and systems to more 
than 80 organisations in 19 countries, we are already 
negotiating for additional accommodation at Basingstoke and 
we plan to double our staff yet again during the next 12 
.months. This includes the opening of branches in Germany, 
Scandinavia, Italy and the Middle East, as well as expanding 
our facilities in Basingstoke itself. In the meantime, we have the 
following immediate vacancies:-
U.K. Sales Manager 
(Salary negotiable around £10K t car) 
We're looking for a young, qualified "eager­
beaver" who really knows his/her onions 
when it comes to video tape (and preferably 
TV cameras, digits and audio as well). 
Someone who enjoys meeting people, 
doesn't mind a bit of travel, mostly in the UK, 
and desirably has some operational 
experience in TV studios or post-production. 
Previous sales experience useful, out not 
essential. Drive, self-motivation, initiative, 
meticulous attention to detail and 
perseverance will bring its own rewards. 
Usual fringe benefits, including free life 
assurance and free medical insurance. 

·Senior Proposals Engineer 
(Salary negotiable around £7-8.5K 
depending upon qualifications and 
experience) 
Qualifications similar to above but need not 
be quite so extrovert, travel so much, or have 
such hollow legs! Technically, we want a 
good all-rounder, preferably with Studio and 
OB planning experience who can ensure that 
what we propose to customers really meets 
their requirements and that we have not 
omitted any vital parts from our quotations. 
In short, making the system work . Some 
knowledge of Contract Law and of coping 
with "Invitation to Tender" small print would 
be an advantage, but not essential, as would 
a knowledge of languages. Some 
opportunities for foreign travel, mostly in 
Europe, Africa and the Middle East. 

Proposals Engineer 
(Salary around £6-7.5K c!epending upon 
qualifications and expenence) 
Assistant to the Senior Proposals Engineer. 
Need not have experience of this kind of 
work. but must be as keen as m~stard and , 
willing to learn . Would ideally su1t a young 
engineering Graduate, preferably ~lth a 
couple of years of industnal ~xpenence who 
is interested in developing h1s/her career on 
the commercial side. Training provided if 
necessary. Travel opportunities as above. 

Sales Engineers and Senior Sales Engineers 
(Salaries negotiable £5-16K depending on 
qualifications, experience and the selected 
base (£16K Middle East)) 
Here we are looking for knowledgeable, 
resourceful engineers who enjoy travelling 
and who can be relied upon to 
maximise any business opportunities which 
present themselves while assisting 
customers in every possible way with 
demonstrations, installation, commissioning 
and after-sales service. Anyone at present 
working for one of our competitors would be 
especially welcome. Must be studio "house­
trained" . Foreign languages a definite. plus 
particularly if it is your native tongue. We are 
particularly short of German and Spanish 
speaking engineers. 

Research & Development Engineers 
(Salaries negotiable around £7K) 

Assistant Marketing Promotions Manager 
(Salary negotiable around £7-BK) 
This job involves assisting the Marketing 
Promotions Manager in all aspects of 
Company promotion (International 
Exhibitions, preparation of technical sales 
literature, press liaison, advertising - you 
name it) . A technical background coupled 
with an ability to write in an effective style are 
primary requirements. A knowledge of the 
Broadcast Equipment industry is desirable . . 

Service Supervisor 
(Salary around £7-BK depending upon 
qualifications and experience) 
Here we are looking for a 100% reliable 
person with some knowledge of 
administration to be responsible for the day 
to day running of our Service Department, 
handling all Sony Broadcast products. 
Broadcast experience is desirable but not 
essential if otherwise well qualified and 
experienced in this kind of work. 

Due to expansion we again have a number of 
vacancies for experienced engineers to JOin 
our small, but growing, R & D team which is 
involved in the application of high speed 
digital techniques to video-processing. As Test Engineers/Quality Assurance 
the team belongs to an international R & D Technic ians 
group these appointments offer many (Salaries £5K upwards) 
opportunities for both short and long term We anticipate having a number of vacancies 
travel. Ideally, candidates will be qualified to in our Quality Assurance team during the 
degree level and will have several years R & next few months as we expand into new 
D experience in video-engineering. However, premises. HNC, HND or C & G Finals in 
initiative and ability are the most important Telecoms desirable but e~perience of 
characteristics that we are seeking, so working on sophisticated Broadcast 
candidates with other, relevant experience equipment is more important. Salaries 
will also be considered . according to qualifications and experience. 

All the above posts carry fringe benefits PLUS the advantages of JOining a young and already 
successful company at a relatively early stage. An excellent pensions scheme, a staff 
purchase scheme, free life assurance and free private health insurance are available to all 
employees after an initial qualifying period. All posts carry an entitlement to 4 weeks (20 
working days) paid holiday per year. Assistance with relocation expenses is given in approved 
circumstances (usually restricted to the more sen1or of the more special ised posts) . All 
salaries individually reviewed each year. 

Write in strict confidence to the Personnel 
Manafler giving full details of qualifications, 
expenence and present salary. 

SONY. 
Sony Broadcast Ltd. 
City Wall House 
Basing View, Basingstoke 
Hampshire RG21 2LA 
Great Britain Broadcast 
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Seek failure 
and Imd success 
c.£7,000 

Correct component choice is a comerstone of Rank Xerox design philosophy. It has 
to be right to ensure our continuing world wide commercial success. 

We seek a special type of engineer; who has riot ~nly a strong background and 
traiillng in electronics, but also an enquiring mind and the necessary acumen to 
interact with designers, production engineers, major component suppliers and 
purchasing staff. Your role will include the establishing of specifications for com­
ponents, their resourcing, negotiation, overall test, modification and application. We 
have invested heavily in ATE, and so some software knowledge would be useful. 

Male or female, you should have at least HNC level qualifications ·and electronics 
experience in an industrial or R & D environment, preferably in component manu­
facture. Based at our Welwyn Garden City headquarters, you will occasionally be 
required to travel in both Europe and USA. Thorough specialised training will be 
provided, and there are excellent prospects for rapid career advancement within this 
stimulating world wide meritocracy. 

Most vacancies are at senior level, but we would also like to hear from those with less 
· experience. 

Salaries circa £7,000 are offered. Our benefits package is superb and includes a 
generous and all embracing re-location package to enable those living outside the 
area to move to this desirable location within easy reach ofLondon. For an application 
form and company information package please telephone Jim Collingham on 
0908 312870 or write to him at Rank Xerox Engineering Group, 30 Church Street, 
Welwyn, Herts. AL6 9LX. 

~ ~~~J< xJPE •• R.o.~-------(9696-~ , 
Foreign and Commonwealth Office 

WIRELESS WORLD, OCTOBER 1979 

-THE THOMSON FOUN DATION 
TELEVISION COLLEGE 

VACANCIES AVAILABLE: 
A) SENIOR 

ENGI N EERI NG 
LECTU RE R 

B) ENGINEERING 
LECTURER 

Applicants· must have had professio­
nal broadcast television experience of 
not less than three years for Lecturer. 
and seven years for Senior Lecturer. 
Duties include theoretical and practi­
cal training of broadcast engineers 
and technicians from overseas pro­
fessional television stations. 
These posts are based in a Student 
Residential College which houses a 
fully operational television station, 
and is situated in the rural suburb of 
Newton Mearns, near Glasgow. 
Desirable qualifications: Degree, HND 
or equivalent . Recent practical broad­
cast experience essential. 
Starting salary negotiable - En­
gineering Lecturer £7 ,000+ , Senior 
Engineering Lecturer £8.000+ . 
Applications in writing to The Prin­
cipal, Thomson Foundation Television 
College, Kirkhill House, Broom Road 
East, Newton Mearns, Glasgow. G77 
5~H . (9671) 

UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF PHYSICS 

RESEARCH 
TECHNICIAN 

GRADE S 
To assist with preparing, com­
missioning and running apparatus in a 
Solid State Physics Group. Relevant 
experience necessary and some 
knowledge of electronics or workshop 
practice an advantage. Initiative and 
ability to work co-operatively import­
ant. O.N.C. or equivalent qualification 
essential. Salary within a range 
£3700-£4320 p.a. (under review). 
Application forms may be obtained 
from The Register, The University, 
P.O. Box 147, Liverpool L69 3BX. 
Quote Ref: RV 1766/WW. 

(9712) 

REQUIRED: TELECOMMUNICATIONS 
OFFICERS SENIOR ENGINEER 

£457 5-£6100 (from 1.1.80) 

. . . . at Hanslope Park, Milto
1

n Keynes, for work on the installation, 
maintenance and operation of HF communication equipment, 
VHF, .UHF and microwave links and associated test equipment, 
teleprmters and other specialised equipment. 

~andida~es shou_ld no_rma.lly. have ON~ in Eng~neering (with a pass 
m Electncal Engmeenng A ) or Applied Phys1cs, or an equivalent 
quah_f1cat1on, and have served an apprenticeship or had equivalent 
trammg, but ex-~ervice pe_ople wh~ have had suitable training and 
at least 3 years appropnate serv1ce (as Staff Sergeant or equi­
valent) will also be considered . 

~alary, starting between £3795 and £5015 (according to age), 
nses t~ £5415 ; (to become £4575 -£6100 from 1 . 1 .80) . 
Promotion prospects. Non-contnbutory pens1on scheme. 

For further details _and an _application form (to be returned by 11 
Oct?ber 1979) wnte to Civil Service Commission, Alencon Link, 
Bas1ngstoke, H~nts RG?1 1JB or telephone Basingstoke (0256) 
68551 (answenng serv1ce operates outside office hours) . Please 
quote ref: T /522 1 . 

(9707) 

~alary. in accordance with ACTT national agreement plus local 
1ncent1ve . 

The engineer required is to join a specialist team engaged in 
sophisticated video tape post production in the heart of 
West 1 . 

The duties will be editing on U-matic, and the operation of all 
VTR formats . The applicant will be required to become 
competent in all VTR operations. It is essential that the 
candidate for this job be familiar with facilities operations and 
accustomed to dealing with clients . 

Th_is job ~epresents a unique opportunity for a VTR engineer or 
ed1tor w1th at least two years' experience in Broadcast, or 
Broadcast Standard TV . 

Please contact Barry Stevens on : 01-439 8 241 

8, Poland Street, london, WlV 3DG. 
(9686) 
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Gon9~r~ stD'Y· &et:Beer 
. ~~1~ f\111B't . 

Assistant Product Managers 
(Starting salaries circa £7K) 
We are looking for either (a) bright young 
graduates eager to be trained in depth in 
their chosen product and the needs of the 
625 line markets, or (b) engineers·or 
technicians who are already widely 
experienced with cameras, TBC's, 1" Helical 
Scan VTR's or High Band U-Matic VTRs 
(BVU) coupled with an existing 
comprehensive knowledge of the needs of 
the EAME market including the strengths 
and weaknesses of our competitors' 
products. The var ious Product development 
groups in Sony Broadcast rely very heavily 
on the product planning advice from the 
Product Managers ih the field and these are 
jobs for those who want to become top 
experts in their chosen speciality coupled 
with extensive travel in Europe, Africa and 
the Middle East; at feast one visit to Japan 
within the first 12 months and thereafter at 
regular intervals. Four vacancies exist, one 
for each of the product categories above. 

~~ Yes, having in the last year . ur ~ T:~quipment and systems to more 
than 80 organisations in 19 countries, we are already 
negotiating for additional accommodation at Basingstoke and 
we plan to double our staff yet again during the next 12 
.months. This includes the opening of branches in Germany, 
Scandinavia, Italy and the Middle East, as well as expanding 
our facilities in Basingstoke itself. In the meantime, we have the 
following immediate vacancies:-
U.K. Sales Manager 
(Salary negotiable around £10K t car) 
We're looking for a young, qualified "eager­
beaver" who really knows his/her onions 
when it comes to video tape (and preferably 
TV cameras, digits and audio as well). 
Someone who enjoys meeting people, 
doesn't mind a bit of travel, mostly in the UK, 
and desirably has some operational 
experience in TV studios or post-production. 
Previous sales experience useful, out not 
essential. Drive, self-motivation, initiative, 
meticulous attention to detail and 
perseverance will bring its own rewards. 
Usual fringe benefits, including free life 
assurance and free medical insurance. 

·Senior Proposals Engineer 
(Salary negotiable around £7-8.5K 
depending upon qualifications and 
experience) 
Qualifications similar to above but need not 
be quite so extrovert, travel so much, or have 
such hollow legs! Technically, we want a 
good all-rounder, preferably with Studio and 
OB planning experience who can ensure that 
what we propose to customers really meets 
their requirements and that we have not 
omitted any vital parts from our quotations. 
In short, making the system work . Some 
knowledge of Contract Law and of coping 
with "Invitation to Tender" small print would 
be an advantage, but not essential, as would 
a knowledge of languages. Some 
opportunities for foreign travel, mostly in 
Europe, Africa and the Middle East. 

Proposals Engineer 
(Salary around £6-7.5K c!epending upon 
qualifications and expenence) 
Assistant to the Senior Proposals Engineer. 
Need not have experience of this kind of 
work. but must be as keen as m~stard and , 
willing to learn . Would ideally su1t a young 
engineering Graduate, preferably ~lth a 
couple of years of industnal ~xpenence who 
is interested in developing h1s/her career on 
the commercial side. Training provided if 
necessary. Travel opportunities as above. 

Sales Engineers and Senior Sales Engineers 
(Salaries negotiable £5-16K depending on 
qualifications, experience and the selected 
base (£16K Middle East)) 
Here we are looking for knowledgeable, 
resourceful engineers who enjoy travelling 
and who can be relied upon to 
maximise any business opportunities which 
present themselves while assisting 
customers in every possible way with 
demonstrations, installation, commissioning 
and after-sales service. Anyone at present 
working for one of our competitors would be 
especially welcome. Must be studio "house­
trained" . Foreign languages a definite. plus 
particularly if it is your native tongue. We are 
particularly short of German and Spanish 
speaking engineers. 

Research & Development Engineers 
(Salaries negotiable around £7K) 

Assistant Marketing Promotions Manager 
(Salary negotiable around £7-BK) 
This job involves assisting the Marketing 
Promotions Manager in all aspects of 
Company promotion (International 
Exhibitions, preparation of technical sales 
literature, press liaison, advertising - you 
name it) . A technical background coupled 
with an ability to write in an effective style are 
primary requirements. A knowledge of the 
Broadcast Equipment industry is desirable . . 

Service Supervisor 
(Salary around £7-BK depending upon 
qualifications and experience) 
Here we are looking for a 100% reliable 
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administration to be responsible for the day 
to day running of our Service Department, 
handling all Sony Broadcast products. 
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essential if otherwise well qualified and 
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our small, but growing, R & D team which is 
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digital techniques to video-processing. As Test Engineers/Quality Assurance 
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group these appointments offer many (Salaries £5K upwards) 
opportunities for both short and long term We anticipate having a number of vacancies 
travel. Ideally, candidates will be qualified to in our Quality Assurance team during the 
degree level and will have several years R & next few months as we expand into new 
D experience in video-engineering. However, premises. HNC, HND or C & G Finals in 
initiative and ability are the most important Telecoms desirable but e~perience of 
characteristics that we are seeking, so working on sophisticated Broadcast 
candidates with other, relevant experience equipment is more important. Salaries 
will also be considered . according to qualifications and experience. 
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purchase scheme, free life assurance and free private health insurance are available to all 
employees after an initial qualifying period. All posts carry an entitlement to 4 weeks (20 
working days) paid holiday per year. Assistance with relocation expenses is given in approved 
circumstances (usually restricted to the more sen1or of the more special ised posts) . All 
salaries individually reviewed each year. 

Write in strict confidence to the Personnel 
Manafler giving full details of qualifications, 
expenence and present salary. 

SONY. 
Sony Broadcast Ltd. 
City Wall House 
Basing View, Basingstoke 
Hampshire RG21 2LA 
Great Britain Broadcast 
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RADIO 
TECHNICIANS 

At the Government Communications Head-
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quarters we carry out research and development in 
' radio communications and their security, including 

related computer applications. Practically every type of 
system is under investigation, including long-range rad1o, 
satellite, microwave and telephony. 

. Your iob as a Radio' Technic.ian wilt" con.cern you" In de~eioping, 
constructing, installing, commissioning, testing, and mamt_a_mmg_ our 
equipment. In performing these tasks you will becom~ fam1har w1th a' 
wide range of processing equipment in the aud1o to m1crowave range, 
involving modern logic techniques, micropro~essors, and computer 
systems. Such work will take you to the frontiers o! ~echnology on a 
broad front and widen your area of expert1se - pos1t1ve career assets 
whatever the future brings. 

Training is comprehensive : special courses, both in-house and with 
manufacturers, will develop particular aspects of your _knowledge and 
you will be encouraged to take advantage of appropnate day release 
facilities. 

You could travel - we are based i~ Cheltenham but we have other 
centres in the UK, most of which, like Cheltenham are _situated m . 
environmentally attractive locations. All our centres requ1re res1dent 
Radio Technicians and can call for others to m~ke workmg v1s1ts. There 
wili"also be some opportunities for short trips abroad, or for longer . 
periods of service overseas. 

SCOTTISH HOME AND HEALTH DEPARTMENT 

WIRELESS 
TECHNICIAN 

Applications are invited for two posts of Wireless 
:Technician in the Scottish Home and Health Depart­
ment. 

LOCATION. The posts are in Inverness. 

QUALIFICATIONS: Candidates must hold an ?rdinary 
National Certificate in Electronic or Electncal. En­
gineering or a City an_d Guild_s of Londo~ _lns~1tute 
Certificate in an appropnate subJect or a qual1f1cat1on of 
a higher or equivalent standard. 

EX PERl ENCE. 3 years appropriate experience . 

STARTING SALARY: £3,900, scale maximum £5,530. 

Applicants should havet so~nd t~eoretical and practical 
knowledge of Radio Eng1neenng and Radto Com­
munications Equipment in HF, VHF ~:md UHF bands . T~e 
work involves installation and m~mtenance of equip­
ment located at considerable d1stance from . ~ead­
quarters . A clean current driving licence and a~il1ty to 
drive private and commercial vehicles are essent1al. 

Appointments are unestablished initially but t_here are 
prospects of established (i.e. f?ermanent) appomtments 
after 1 year's satisfactory serv1ce. 

Application forms and further inf~rr:n~tion are obtainable 
from Scottish Office Personnel D1v1S1on, Room 110, 16 
Waterloo Place, Edinburgh EH1 3DN (quote Ref . 
PM(P]"S) 2/8/79) (031 556 8400 ext 4317 or 5028). 

Closing date for receipt of completed application forms is 
25 October 1 979. · 

(9727) 

WIRELESS WORLD, OCTOBER 1979 

You should be at least 1 g years of age, hold-or e"xpec( 
to obtain shortly the City and Guilds . 

Telecommunications Technician Certificate Part 1. 
(Intermediate) , or its equivalent, and have a sound 

knowledge of the principles of telecommunications 
and radio, together with experience of maintenance · 

and the use of test equipment. If you are or have 
. been in HM Forces your Service trade may allow us 

to dispense with the need for formal qualifications. 

WORK IN 
COIVIMUNICATION·s 
R&D AND ADD TO 
YOUR $KilLS 
You start at £3900 rising to £5530, and promotion will put you on t_he 
road to posts carrying substantially more. There are also opportumt1es 
for overtime and on call work paying good rate. 

Get full details from our Recruitment Officer, Robby Robinson, on 
Cheltenham (0242) 21491, Ext. 2269, or write to him at GCHQ, 
Oakley, Priors Road , Cheltenham, Glos. GL52 5AJ . If you seem . · 
suitable we ' ll invite you to interview in Cheltenham -at our expense, 

' of course. ·- · 

(9106) 

£ 1D,5DD - £15,DDD 1) 
per contract year after tax 

The Communications Department of Aramco, the world's largest oil 
producer, urgently requires:-

CQMMUNICATI.ONS ENGINEERS/ 
DESIGN ENGINEERS . . 
with at least HNC and 10 years experience of one or more of the follow1ng ftelds .-

MICROWAVE RADIO~ experience in system design, propagation calculations, 
CCIR standards. supervisory alarms, broad baseband (1800 channel) votce channel 
transmission, TV transmission, and protectiOn alternatives . 

MULTIPLEX- translation of requirements into detailed MUX plans, forecasts of 

required equipment. network management and install.ation standards . 

TELEPHONE INSIDE PLANT- small exchanges, ranging 100-1 5,000 lines. 

AE step by step and EAX PABX's . 

VHF/UHF LAND MOBILE, MARINE, AIR-GROUND SYSTEMS- network 
frequency management, touch tone controls and signall ing . 
Telephone network access by mobile units and remote subscribers. F.1/ F2 . 
repeaters, duplexing networks, consoles, network plannmg and fam1hanty w1th G E 
equipment . 

e Renewable contracts, single status 
e 12 days Public Holidays per year . 
e Leave for married men - 14, 14, 25 days after each 4 month peraod per 

e ~e::::~::gle men- 30 days aher 12 months 

e F~ee meilicare 
e Air conditioned accommodation 
e Valid UK driving licence essential 

Please write wi th career details quoting ref WW I 10 to: 

~iiiiiiiiiiii~ . ·. PMC iiiiiiiiiiiiiiii(9

B.,QO) 

MANAGEMENT SERVICES LIMITED 
INTERNATIONAL RECRUITMENT 

5, East Parade, Harrogate, North Yorkshire HG1 5LF. 

WIRELESS WORLD, OCTOBER 1979 145 

TEST EQUIPMENT ENGINEERS 

Are you seeking an opportunity to work on 
sophisticated test gear employing the latest analogue 
and digital tee hniques? 

If so, join Rediffusion and work on a number of 
exciting projects associated with the design and 

development of equipment for production line testing 
of our future colour TV receiv.ers. 

Effective testing plays an important part in ensuring 

that the finished product reaches the high quality 
levels. necessary for success during the 1980's. To 

increase the scope and flexibility of our testing, new 
equipment will be microprocessor controlled. Even 

if you only have limited knowledge of digital 
techniques this opportunity will enable you to learn 
the mysteries of microprocessors and their 
application to testing complex electronic sub­
assemblies. 

Applications are invited from engineers with a 
creative ability to work in a congenial and stimulating 

environment at our Engineering Centre at 
Chessington, Surrey. We have vacancies at senior 

and intermediate levels offering opportunities for 
career advancement. Salaries are obviously 

commensurate with qualifications and e,Xperience, 
but will be extremely attractive to those engineers 
whose test .equipment background is such that they 

can make a significant contribution to the 
performance of our test gear team. 

The usual big company benefits, such as pension 
scheme, free life insurance, 4 weeks holiday with 
choice of leave period, sports facilities and 
assistance with relocation expenses are offered · for 
these posts. 

If you are interested in these challenging positions 

and would like more details or wish to discuss the 
matter in depth, please write or telephone:-

Mr. H. Brearley, 
Head of Technical Services, 
Rediffusion Consumer Electronics Ltd., 
Fullers Way South, 

REDIFFUSION 
Chessington, Surrey. KT9 lHJ. 
Telephone: 01 3 97 5411 

TEST/QUALITY 
ASSURANCE ENGINEERS 

Test/quality assurance engineers at senior and intermediate 
level wanted to work on our range of advanced broadcast 
television studio products including colour and monochrome 
television studio cameras. 

Applicants should have an up to date knowledge of digital 
and linear circuit techniques gained from experience working 
on television studio equipment, radar equipment or similar 
sophisticated products, and qualified to HND, HNC or 
equivalent level. 

Employment benefits include excellent salary, generous 
holidays, free life and health insurance, pension scheme, staff 
restaurant and relocation expenses. 

Please apply for further details and application forms to Jean 
Smith at the address given below. 

ELECTRONICS 

link Electronics limited, 
North Way, Andover, 
Hants, SP10 5AJ. 

Telephone: (0264) 61345 
(9601) 

THAMES TELEVlSION LTD. 

TECHNICAL AND 
OPERATIONAL TRAINING· 

Thames Television will be running its Technical Training 
Scheme beginning November 1979. The course will be of 
9 months duration and traineeships will be available in the 
following areas: 
1, Technicians covering VTR, Telecine, and Vision Control 

operations and maintenance 
2. Engineering, covering_ planning, design and installation 
3. Television Camera Operations 
4. Television Sound Operations 
5. Film covering Camera, Sound, Editing 

The course will consist of 5 months broad based training 
and 4 months specialist training and will take place at the 
Training Centre, Teddington, with additional experience 
gained on attachmer:t at e_ach of the Company Sites. 

Salary during tratmng wtll be 1-3 months £3,500 pa, 
3-9 months £3,800 pa. 

Successful Trainees will then be absorbed into operational 
departments and go on to a salary structure applicable to 
thegrade. . 

Candidates should preferably be 20-30 years of age and 
have academic qualifications, specialist training or experience 
relevant to their chosen area. 

For an application form and full details please write to 
Pat Evans, Staff Relations Department, -r:hames Television 
Limited., Teddington Lock, Teddtngton, Middlesex, indicating 
areas of preference. 

-'~ 
--=~~!~~ ~ 

iil':f:.U, 1 ~ 
LONDON'S WEEKDAY rrv 

(9656) 
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quarters we carry out research and development in 
' radio communications and their security, including 

related computer applications. Practically every type of 
system is under investigation, including long-range rad1o, 
satellite, microwave and telephony. 

. Your iob as a Radio' Technic.ian wilt" con.cern you" In de~eioping, 
constructing, installing, commissioning, testing, and mamt_a_mmg_ our 
equipment. In performing these tasks you will becom~ fam1har w1th a' 
wide range of processing equipment in the aud1o to m1crowave range, 
involving modern logic techniques, micropro~essors, and computer 
systems. Such work will take you to the frontiers o! ~echnology on a 
broad front and widen your area of expert1se - pos1t1ve career assets 
whatever the future brings. 

Training is comprehensive : special courses, both in-house and with 
manufacturers, will develop particular aspects of your _knowledge and 
you will be encouraged to take advantage of appropnate day release 
facilities. 

You could travel - we are based i~ Cheltenham but we have other 
centres in the UK, most of which, like Cheltenham are _situated m . 
environmentally attractive locations. All our centres requ1re res1dent 
Radio Technicians and can call for others to m~ke workmg v1s1ts. There 
wili"also be some opportunities for short trips abroad, or for longer . 
periods of service overseas. 

SCOTTISH HOME AND HEALTH DEPARTMENT 

WIRELESS 
TECHNICIAN 

Applications are invited for two posts of Wireless 
:Technician in the Scottish Home and Health Depart­
ment. 

LOCATION. The posts are in Inverness. 

QUALIFICATIONS: Candidates must hold an ?rdinary 
National Certificate in Electronic or Electncal. En­
gineering or a City an_d Guild_s of Londo~ _lns~1tute 
Certificate in an appropnate subJect or a qual1f1cat1on of 
a higher or equivalent standard. 

EX PERl ENCE. 3 years appropriate experience . 

STARTING SALARY: £3,900, scale maximum £5,530. 

Applicants should havet so~nd t~eoretical and practical 
knowledge of Radio Eng1neenng and Radto Com­
munications Equipment in HF, VHF ~:md UHF bands . T~e 
work involves installation and m~mtenance of equip­
ment located at considerable d1stance from . ~ead­
quarters . A clean current driving licence and a~il1ty to 
drive private and commercial vehicles are essent1al. 

Appointments are unestablished initially but t_here are 
prospects of established (i.e. f?ermanent) appomtments 
after 1 year's satisfactory serv1ce. 

Application forms and further inf~rr:n~tion are obtainable 
from Scottish Office Personnel D1v1S1on, Room 110, 16 
Waterloo Place, Edinburgh EH1 3DN (quote Ref . 
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(9727) 
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You should be at least 1 g years of age, hold-or e"xpec( 
to obtain shortly the City and Guilds . 

Telecommunications Technician Certificate Part 1. 
(Intermediate) , or its equivalent, and have a sound 

knowledge of the principles of telecommunications 
and radio, together with experience of maintenance · 

and the use of test equipment. If you are or have 
. been in HM Forces your Service trade may allow us 

to dispense with the need for formal qualifications. 

WORK IN 
COIVIMUNICATION·s 
R&D AND ADD TO 
YOUR $KilLS 
You start at £3900 rising to £5530, and promotion will put you on t_he 
road to posts carrying substantially more. There are also opportumt1es 
for overtime and on call work paying good rate. 

Get full details from our Recruitment Officer, Robby Robinson, on 
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producer, urgently requires:-
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DESIGN ENGINEERS . . 
with at least HNC and 10 years experience of one or more of the follow1ng ftelds .-

MICROWAVE RADIO~ experience in system design, propagation calculations, 
CCIR standards. supervisory alarms, broad baseband (1800 channel) votce channel 
transmission, TV transmission, and protectiOn alternatives . 

MULTIPLEX- translation of requirements into detailed MUX plans, forecasts of 

required equipment. network management and install.ation standards . 

TELEPHONE INSIDE PLANT- small exchanges, ranging 100-1 5,000 lines. 

AE step by step and EAX PABX's . 

VHF/UHF LAND MOBILE, MARINE, AIR-GROUND SYSTEMS- network 
frequency management, touch tone controls and signall ing . 
Telephone network access by mobile units and remote subscribers. F.1/ F2 . 
repeaters, duplexing networks, consoles, network plannmg and fam1hanty w1th G E 
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TEST EQUIPMENT ENGINEERS 

Are you seeking an opportunity to work on 
sophisticated test gear employing the latest analogue 
and digital tee hniques? 

If so, join Rediffusion and work on a number of 
exciting projects associated with the design and 

development of equipment for production line testing 
of our future colour TV receiv.ers. 

Effective testing plays an important part in ensuring 

that the finished product reaches the high quality 
levels. necessary for success during the 1980's. To 

increase the scope and flexibility of our testing, new 
equipment will be microprocessor controlled. Even 

if you only have limited knowledge of digital 
techniques this opportunity will enable you to learn 
the mysteries of microprocessors and their 
application to testing complex electronic sub­
assemblies. 

Applications are invited from engineers with a 
creative ability to work in a congenial and stimulating 

environment at our Engineering Centre at 
Chessington, Surrey. We have vacancies at senior 

and intermediate levels offering opportunities for 
career advancement. Salaries are obviously 

commensurate with qualifications and e,Xperience, 
but will be extremely attractive to those engineers 
whose test .equipment background is such that they 

can make a significant contribution to the 
performance of our test gear team. 

The usual big company benefits, such as pension 
scheme, free life insurance, 4 weeks holiday with 
choice of leave period, sports facilities and 
assistance with relocation expenses are offered · for 
these posts. 

If you are interested in these challenging positions 

and would like more details or wish to discuss the 
matter in depth, please write or telephone:-

Mr. H. Brearley, 
Head of Technical Services, 
Rediffusion Consumer Electronics Ltd., 
Fullers Way South, 

REDIFFUSION 
Chessington, Surrey. KT9 lHJ. 
Telephone: 01 3 97 5411 

TEST/QUALITY 
ASSURANCE ENGINEERS 

Test/quality assurance engineers at senior and intermediate 
level wanted to work on our range of advanced broadcast 
television studio products including colour and monochrome 
television studio cameras. 

Applicants should have an up to date knowledge of digital 
and linear circuit techniques gained from experience working 
on television studio equipment, radar equipment or similar 
sophisticated products, and qualified to HND, HNC or 
equivalent level. 

Employment benefits include excellent salary, generous 
holidays, free life and health insurance, pension scheme, staff 
restaurant and relocation expenses. 

Please apply for further details and application forms to Jean 
Smith at the address given below. 

ELECTRONICS 

link Electronics limited, 
North Way, Andover, 
Hants, SP10 5AJ. 

Telephone: (0264) 61345 
(9601) 

THAMES TELEVlSION LTD. 

TECHNICAL AND 
OPERATIONAL TRAINING· 

Thames Television will be running its Technical Training 
Scheme beginning November 1979. The course will be of 
9 months duration and traineeships will be available in the 
following areas: 
1, Technicians covering VTR, Telecine, and Vision Control 

operations and maintenance 
2. Engineering, covering_ planning, design and installation 
3. Television Camera Operations 
4. Television Sound Operations 
5. Film covering Camera, Sound, Editing 

The course will consist of 5 months broad based training 
and 4 months specialist training and will take place at the 
Training Centre, Teddington, with additional experience 
gained on attachmer:t at e_ach of the Company Sites. 

Salary during tratmng wtll be 1-3 months £3,500 pa, 
3-9 months £3,800 pa. 

Successful Trainees will then be absorbed into operational 
departments and go on to a salary structure applicable to 
thegrade. . 

Candidates should preferably be 20-30 years of age and 
have academic qualifications, specialist training or experience 
relevant to their chosen area. 

For an application form and full details please write to 
Pat Evans, Staff Relations Department, -r:hames Television 
Limited., Teddington Lock, Teddtngton, Middlesex, indicating 
areas of preference. 

-'~ 
--=~~!~~ ~ 

iil':f:.U, 1 ~ 
LONDON'S WEEKDAY rrv 

(9656) 
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Radio Technology 
and the Future 

TELECOMMUNICATIONS OPPORTUNITIES 
The Home Office Directorate of Radio Tech­
nology is responsible for the technical aspects 
of planning, management and regulation of 
frequency .bands allocated to the broadcas­
ting, fixed, maritime and land mobile, and 
space services. 

The work includes preparing specifications 
and giving type-approval of equipment for 
fixed and mobile services, applying informa­
tion on radio propagation to radio com­
munications services, applying computer 
techniques to frequency assignment, deve­
loping equipment for the detection, location 
and suppression of radio interference, and 
giving technical advice on engineering 
aspects of licensing radio services and in 
connection with the international radio 
monitoring service. 

The vacancies, which are at two levels, 
are in Central London and Stanmore, 
Middlesex. 
For the higher level posts (Central London 
and Stanmore), candidates (aged at least 25) 
must have had a minimum of 7 years' skilled 

experience in radio, radar or other electronic 
work. At the lower level (posts in Central 
London only), candidates (aged at least 23) 
should have had experience in the operation 
of radio receiving equipment and _have a 
knowledge of current operational systems of 
radio communications. 

All candidates must have ONC in Engineering 
(with a pass in Electrical Engineering 'A') or in 
Applied Physics or an equivalent qualifica­
tion. 

SALARIES: Higher Level £6195-£6690 (to 
become £6880-£7530 from 1.1.80). Lower 
Level Starting salary between £4955 and 
£5795 (according to age) rising to £61 95 (to 
become £5355-£6880 from 1.1 .80). £455 
less at Stanmore. Good promotion prospects. 
Non-contributory pension scheme. 

For further details and an application form (to 
be returned by 11 October 1979) write to 
Civil Service Commission, Alencon Link, 
8asingstoke, Hants, RG 21 1 J B, or telephone 
Basingstoke (0256) 68551 (answering ser­
vice operates outside office hours). 
Plea" quote ref: T /5215/5. 

HOME 
OFFICE 

Electronic Engineers-
Whal you -wanl, -where you -wanl! 
T JB Electrotechnical Personnel Services is a specialised appointments 
service for electrical and electronic engineers. We have clients throughout 
the UK who urgently need technical staff at all levels from Junior Technician 
to Senior Management. Vacancies exist in all branches of electronics and 
allied disciplines - right through from design to marketing - at salary 
levels from around £4000 to £8000 p.a. 
If you wish to make the most of your qualifications and experience and 
move another rung or two up the ladder we will be pleased to help you. 
All applications are treated in strict confidence . and there is no danger of 
your present employer (or other companies you specify) being made aware 
of your application. 

T JB ELECTROTECHNICAL 
PERSONNEL SERVICES, 
12 Mount Ephraim, 
Tunbridge Wells, 
Kent. TN4 BAS. 

Tel: 0892 39388 

............ 
Please send me a TJB Appointments Registration form: 

Name ......................... .. ........... . 

'Address . . . ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(9238) 

WIRELESS WORLD, OCTOBER 1979 

BRUNEL UNIVERSITY 
DEPARTMENT OF EDUCATION - . 

GRADE 4 
ELECTRONICS/ 
LABORATORY 
TECHNICIAN 

We are looking for a technician (male 
or female) to be responsible, under the 
Chief Technician, for the day-to-day 
running of a combined Physics/ 
Chemistry laboratory and assist in an 
Audio/Visual Teaching laboratory . 
The job includes electronic/electrical 
maintenance of laboratory equip­
ment, as well as audio and video 
equipment. . 
This involves working in close co­
operation with both the academic and 
other technical staff as well as post-
graduate students. . 
The ideal candidate will probably have 
either an ONC or City and Guilds in 
electronics (or equivalent), and 3-5 
years' relevant experience . 
Day release may be given to study for 
higher qualifications. 
21 days' annual leave plus one week 
at both Christmas and Easter. There 
are good luncheon, sports and social . ~ 
facilities at hand. 
Salary within the scale £3,222-
£3,708 (under review) plus £275 
London Weighting. 
Write for application fonn to the 
Establishment Secretary, Brunei 
University, Uxbridge, Middlesex 
UB8 3PH, or telephone Uxbridge 
37188 extension 49. 

APPOINTMENTS 
IN . 

ELECTRONICS 
£5-£10,000 
Take your pick of the 
permanent posts in: 

(9675) 

MISSILES MEDICAL 
COMPUTERS 

RADAR COMMS 
MICROPROCESSOR 

HARDWARE - SOFTWARE 

FLll free experi ,1dvrce ,md 
irllmedklte act ron on salary and 
ca reer rmprovement. 'phone or 
wr ite to, Mike GernatBSc. 

CJechnomark 
Engineering and Technical Recruitment 

11 Westbourne Grove 
London W2 . 01-229 9239 

TOPJOBSIN 
ELECTRONICS 

Posts in Computers, Medical, ' 
Comms, etc. ONC to Ph.D. Free 
service. 

-- . 
Phone or write: BUREAUTECH . 
AGY, 46 SELVAGE LANE, 
LONDON, NW7. 01-959 
3517. 
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International Service Engineers 

FlytheF ag 
... with Crosfield Electronics, a worldwide 
market leader who have achieved success in 
exporting advanced technology equipment to 
the graphics arts and printing industries, with 
over 80o/o of our products going for export. As an 

International 
Service Engineer 
up to £7500 +benefits 
you'll be part of our growing service support 
team which provides 'on the spot' service for our 
equipment, including some installation work. 
This is a challenging, problem-solving role on 
complex electronic equipment and you will, 
therefore, be very much the elite of the service 
organisation. Travel will be at a moment's notice 
to the first world industrialised countries and 
continents, including Europe, Far East, USA, 
S. America and Australasia, and you can expect 

Electronics & Computer Test 
To£7,500 

Use your C&G/ONC/HNC/Forces Training and good 
OIGITAL/ANALOGUE/RF experience to advantage. Work­
ing with state-of·the-art MINI/MICRO PROCESSOR; 
LASER; ATE; COMMUNICATIONS; NUCLEONIC; CCTV 
and similar equipment. Most UK areas; from Technician 
to Manager. 

For free confidential counselling and practical career 
advice contact GRANT WILSON ref: GW470. 
TECHNOMARK. 11 Westbourne Grove, London W2 4UA. 

Tel: 01·229 9239 (01·229 4218-24 hrs). 
Engineering R~ruitment Consultant$. 

to spend approximately 60% of ydur time 
overseas. 
Candidates, qualified to at least HNC .in elect­
ronics (ideally graduates in electronics or elec­
trical engineering), should have at least 2 years' 
experience in Field Service or an associated dis­
cipline in the electronics industries in computers, 
industrial control or complex electronic control 
equipment. 
We offer a salary up to £7500, including over­
seas · allowance plus annual bonus. There are 
excellent daily allowances when travelling. 
Career prospects, as a result of the company's 
growth, are excellent. 
Please write, with brief . personal and career 
details, or telephone for an application form to 
Tony Dewhirst, Personnel Manager, Crosfield 
Electronics Limited, 766 Holloway Road, London 
N19 3JG. Tel: 01-272 7766, ext. 229. 

Crosfield • 
Electronics .. , . 

Success in exporting Advanced Technology 

A De La Rue Company 

(9670) 

VIDTRONICS 

NEEDS YOU 
if you are a video engineer and would like to earn in excess of 
£6500 p.a. We are adjacent to Heathrow and offer broadcast 
fac il ities to Europe . . Expansion requires a Senior Engineer and 
two assistant engtneers. Apply to Barry Blight or Ron 
Edgerton on 01-759 5432. · 

(9710) 
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Radio Technology 
and the Future 

TELECOMMUNICATIONS OPPORTUNITIES 
The Home Office Directorate of Radio Tech­
nology is responsible for the technical aspects 
of planning, management and regulation of 
frequency .bands allocated to the broadcas­
ting, fixed, maritime and land mobile, and 
space services. 

The work includes preparing specifications 
and giving type-approval of equipment for 
fixed and mobile services, applying informa­
tion on radio propagation to radio com­
munications services, applying computer 
techniques to frequency assignment, deve­
loping equipment for the detection, location 
and suppression of radio interference, and 
giving technical advice on engineering 
aspects of licensing radio services and in 
connection with the international radio 
monitoring service. 

The vacancies, which are at two levels, 
are in Central London and Stanmore, 
Middlesex. 
For the higher level posts (Central London 
and Stanmore), candidates (aged at least 25) 
must have had a minimum of 7 years' skilled 

experience in radio, radar or other electronic 
work. At the lower level (posts in Central 
London only), candidates (aged at least 23) 
should have had experience in the operation 
of radio receiving equipment and _have a 
knowledge of current operational systems of 
radio communications. 

All candidates must have ONC in Engineering 
(with a pass in Electrical Engineering 'A') or in 
Applied Physics or an equivalent qualifica­
tion. 

SALARIES: Higher Level £6195-£6690 (to 
become £6880-£7530 from 1.1.80). Lower 
Level Starting salary between £4955 and 
£5795 (according to age) rising to £61 95 (to 
become £5355-£6880 from 1.1 .80). £455 
less at Stanmore. Good promotion prospects. 
Non-contributory pension scheme. 

For further details and an application form (to 
be returned by 11 October 1979) write to 
Civil Service Commission, Alencon Link, 
8asingstoke, Hants, RG 21 1 J B, or telephone 
Basingstoke (0256) 68551 (answering ser­
vice operates outside office hours). 
Plea" quote ref: T /5215/5. 

HOME 
OFFICE 

Electronic Engineers-
Whal you -wanl, -where you -wanl! 
T JB Electrotechnical Personnel Services is a specialised appointments 
service for electrical and electronic engineers. We have clients throughout 
the UK who urgently need technical staff at all levels from Junior Technician 
to Senior Management. Vacancies exist in all branches of electronics and 
allied disciplines - right through from design to marketing - at salary 
levels from around £4000 to £8000 p.a. 
If you wish to make the most of your qualifications and experience and 
move another rung or two up the ladder we will be pleased to help you. 
All applications are treated in strict confidence . and there is no danger of 
your present employer (or other companies you specify) being made aware 
of your application. 

T JB ELECTROTECHNICAL 
PERSONNEL SERVICES, 
12 Mount Ephraim, 
Tunbridge Wells, 
Kent. TN4 BAS. 

Tel: 0892 39388 

............ 
Please send me a TJB Appointments Registration form: 

Name ......................... .. ........... . 

'Address . . . ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(9238) 

WIRELESS WORLD, OCTOBER 1979 

BRUNEL UNIVERSITY 
DEPARTMENT OF EDUCATION - . 

GRADE 4 
ELECTRONICS/ 
LABORATORY 
TECHNICIAN 

We are looking for a technician (male 
or female) to be responsible, under the 
Chief Technician, for the day-to-day 
running of a combined Physics/ 
Chemistry laboratory and assist in an 
Audio/Visual Teaching laboratory . 
The job includes electronic/electrical 
maintenance of laboratory equip­
ment, as well as audio and video 
equipment. . 
This involves working in close co­
operation with both the academic and 
other technical staff as well as post-
graduate students. . 
The ideal candidate will probably have 
either an ONC or City and Guilds in 
electronics (or equivalent), and 3-5 
years' relevant experience . 
Day release may be given to study for 
higher qualifications. 
21 days' annual leave plus one week 
at both Christmas and Easter. There 
are good luncheon, sports and social . ~ 
facilities at hand. 
Salary within the scale £3,222-
£3,708 (under review) plus £275 
London Weighting. 
Write for application fonn to the 
Establishment Secretary, Brunei 
University, Uxbridge, Middlesex 
UB8 3PH, or telephone Uxbridge 
37188 extension 49. 

APPOINTMENTS 
IN . 

ELECTRONICS 
£5-£10,000 
Take your pick of the 
permanent posts in: 

(9675) 

MISSILES MEDICAL 
COMPUTERS 

RADAR COMMS 
MICROPROCESSOR 

HARDWARE - SOFTWARE 

FLll free experi ,1dvrce ,md 
irllmedklte act ron on salary and 
ca reer rmprovement. 'phone or 
wr ite to, Mike GernatBSc. 

CJechnomark 
Engineering and Technical Recruitment 

11 Westbourne Grove 
London W2 . 01-229 9239 

TOPJOBSIN 
ELECTRONICS 

Posts in Computers, Medical, ' 
Comms, etc. ONC to Ph.D. Free 
service. 

-- . 
Phone or write: BUREAUTECH . 
AGY, 46 SELVAGE LANE, 
LONDON, NW7. 01-959 
3517. 
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International Service Engineers 

FlytheF ag 
... with Crosfield Electronics, a worldwide 
market leader who have achieved success in 
exporting advanced technology equipment to 
the graphics arts and printing industries, with 
over 80o/o of our products going for export. As an 

International 
Service Engineer 
up to £7500 +benefits 
you'll be part of our growing service support 
team which provides 'on the spot' service for our 
equipment, including some installation work. 
This is a challenging, problem-solving role on 
complex electronic equipment and you will, 
therefore, be very much the elite of the service 
organisation. Travel will be at a moment's notice 
to the first world industrialised countries and 
continents, including Europe, Far East, USA, 
S. America and Australasia, and you can expect 

Electronics & Computer Test 
To£7,500 

Use your C&G/ONC/HNC/Forces Training and good 
OIGITAL/ANALOGUE/RF experience to advantage. Work­
ing with state-of·the-art MINI/MICRO PROCESSOR; 
LASER; ATE; COMMUNICATIONS; NUCLEONIC; CCTV 
and similar equipment. Most UK areas; from Technician 
to Manager. 

For free confidential counselling and practical career 
advice contact GRANT WILSON ref: GW470. 
TECHNOMARK. 11 Westbourne Grove, London W2 4UA. 

Tel: 01·229 9239 (01·229 4218-24 hrs). 
Engineering R~ruitment Consultant$. 

to spend approximately 60% of ydur time 
overseas. 
Candidates, qualified to at least HNC .in elect­
ronics (ideally graduates in electronics or elec­
trical engineering), should have at least 2 years' 
experience in Field Service or an associated dis­
cipline in the electronics industries in computers, 
industrial control or complex electronic control 
equipment. 
We offer a salary up to £7500, including over­
seas · allowance plus annual bonus. There are 
excellent daily allowances when travelling. 
Career prospects, as a result of the company's 
growth, are excellent. 
Please write, with brief . personal and career 
details, or telephone for an application form to 
Tony Dewhirst, Personnel Manager, Crosfield 
Electronics Limited, 766 Holloway Road, London 
N19 3JG. Tel: 01-272 7766, ext. 229. 

Crosfield • 
Electronics .. , . 

Success in exporting Advanced Technology 

A De La Rue Company 

(9670) 

VIDTRONICS 

NEEDS YOU 
if you are a video engineer and would like to earn in excess of 
£6500 p.a. We are adjacent to Heathrow and offer broadcast 
fac il ities to Europe . . Expansion requires a Senior Engineer and 
two assistant engtneers. Apply to Barry Blight or Ron 
Edgerton on 01-759 5432. · 

(9710) 
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SENIOR 
LABORATORY 
-TECHNICIAN 

BBC RESEARCH DEPARTMENT 
KINGSWOOD WARREN, TADWORTH, SURREY 

A vacancy exists in the Transmitters and Propagation Section 
of the BBC Research Department for a Seni~r Laboratory . 
Technician. Duties include a variety of work m the field of_ rad1o 
frequency technology under the direction of r~search engm~e:s. 
Construction and experimental work is involved on transmittmg · 
and receiving systems for a wide selection 0f frequency ?an?s 
and includes work on microwaves and optical communicatiOns. 

Candidates, male or female, must possess an H. N.C. or equivale_nt 
qualification and have a good knowledge_o_f radio and el~ctromc 
technology. An interest in radio and television, and assoctated 
radio frequency measuring techniques would be desirai;>l~, also 
experience in basic workshop practice. Good opportumties for 
promotion to Engineering Technician. 

Starting salary according to experience in the range .. 
£5170-£5620 rising to £6295 as a Senior Laboratory Techmcian, 
and ultimately to £7 585 as an Engineering Technician. 
Pensionable post. Re-location expenses considered. 

Write for application form to Research Executive, 
BBC Research Department, Kingswood Warren, T"' 

Tadwc;.rth, Surrey KT20 6NP, quoting reference 696/JMr.. 
or telephone Mogador 2361. 

(9695) 

UNIVERSITY 
·oF WARWICK 

ELECTRONICS I SOFTWARE 

Electronics 
Technician 

Grade 7 
required in the Department of Chemistry and 
Molecular Sciences to take charge of a 
well-equipped electronics workshop .. The 
duties include responsibility for maonte­
nance of both electrical and electronoc 
equipment in the DeiJartment. design a~d 
construction of specoahsed electronoc equ op­
ment and modifications to existing equip­
ment and the supervision of a Grade 4 
Technician employed primarily on repair and 
maintenance work. The Department os 
equipped with a wide range of· scientific 
instrumentatoon oncludong mass spec­
trometers, magnetic resonance instrument~. 
spectrophotometers and chromatographoc 
equipment. The successful candidate will 
probably hold an HNC or equivalent in the 
field of electronics and have wode experoence 
in the design and maintenance of complex 
electronic equ ipment . The Unoversoty os 
situated in pleasant rural surroundongs 
within easy commuting distance of Coven­
try, Kenilworth and Leamington Spa. Salary 
on the Technican Grade 7 scale: £4.940-
£5,500 p.a. (under review). starting point 
depending on experience and qualofocatoons. 
Application should be made by letter govong 
full details and the names and addresses of 
two referees to the Personnel Office, Uni· 
versity of Warwick, Coventry CV4 7 AL, 
quoting Ref . No . 3 I 5T 179 as soon as 
possible . 

ENGINEERS 

LEISURE INDUSTRY 
Due-to continued expansion in the development of systems related to coind 
operated phonographs, video games and other types of com-operate f 
amusement machines the Research and Develo~ment Department ~ 
Associated Leisure Amusement Machines Ltd, 1s seekmg to recru1t 
Electronic Engineers with software expenence. 

The candidate should have experience in the design an~ operat;on of 
microprocessor systems with a degree of knowledge relat1ve to so tware 

programming. 

Three weeks' annual holiday, non-contributory pension scheme. Salary 

negotiable. 

Applications in writing to: 
Mr. N. Parker 

Divisional Research and Development Manager 
ASSOC1ATED LEISURE AMUSEMENT MACHINES LTD. 

The Old Granary, Wetmore Road 
Burton-on-Trent, Staffs. 

(9697) 

WIRELESS WORLD~ OCTOBER 1979 

THE ROYAL FREE 
HOSPITAL, HAMPSTEAD 

DEPARTMENT OF 
MEDICAL PHYSICS 

MEDICAL PHYSICS 
TECHNICIAN II OR Ill 

salary scJ~Iectronics) 
£4824-£5964 p.a. MPT II 

(increase pending) 
£4098-£5142 p.a. MPT Ill 

(increase pending) . . 
Electronics Technician requored to JOin a 
small team resoonsible for maintenance of 
EMI Brain Scanner, Thermograph_y, 
Radiotherapy, Ultrasound and other equop­
ment Qualifications required are HNC or 
equivalent. with Electronics. Please quote 
ref. 0763. 

BASIC GRADE 
GRADUATE SCIENTIST 
Salary scale £3840-£4269 p.a. (oncrease 

pending) . . . 
Applications are ~nvoted fr~m graduates 
trained in computing to JOin thos department, 
with expanding commitments on thos held . 
Duties will be to develop the computer 
processing of gamma camera data and to 
assist in the development of a radoothera.py 
treatment planning scheme, assocoated woth 
a computer-controlled treatment machone 
Please quote ref. 1483. 

LOCUM BASIC 
GRADE PHYSICIST 

Required for 6 months to assist in a variety of 
work, either in Nuclear Medoc~ne or on 
Radiotherapy Physics . Qualifocatoon os an 
Honours Degree in Science. Please quote 
ref. 1484. 

Applications Ito be returned bv October 
1st) from the Personnel Depanment, 
The Roylll Free Hospital, Pond Street, 
N.W.3. Tel. 01-794 0500, ext. 4286 . . 
Camden and Islington Area Health Authoroty 
(f). 

The Polytechnic 
of North London 

Departme~t of Chemistry 

LABORATORY 
TECHNICIAN 
(Grade 5) 
required for Electronic 
Instrumentation work in the 
Laboratories. This will involve 
maintenance, fault-finding, 
servicing of amplifiers, 
servo-systems, analog_ue and 
digital circuits as applied t<;> .. 
spectroscopic and o~her scJentlfic 
equipment. There will also_ be I 
opportunity for the ope:atwn,d , ' 
development, modificatiOn _an 
construction of special eqmpment 
for research purposes. 
Candidates should hold HNC, 
Advanced City & Guilds or 
recognised app~e!ltic_eship, or an 
equivalent quahficati<;>n, 
preferably in electromcs, _and . 
have 8 years' experience mclus1ve 
of the training period. 
Salary Scale: £3999-£45~1 . 
inclusive of London We1ghtmg. 
Apply for further details and 
application form to the Head of 
the Department of Chemistry, 
The Polytechnic of North 
London, Holloway Road, London. 
N7 808. (9654) 

CAPITAL 
APPOINTMENTS LTD 

. FREE JOBS~llS-r 
for '-

,fiELD SERVICE ENGINEER$1 : 
BASIC SALARIES TO 

£7,000 +CAR 
(87~1) 

30 Windmill Street, London, Wl 
01-637 5551 
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nnd 
the 
Fault. 
We need Test Engineers 
at all levels. 

Can you imagine a •crime sheet' of 200 faults that have to be cleared? Some of these invoive sorting out problems in 

proprietary equipments, with no time to send them back. Snags range from dry joints leading to complementary 
colours, to cables that aren't matched in length to within a fraction of an inch. 

Systems testing is a very special ability, calling for a cool head, a logical mind and the ability to think •what kind of 

thing could possibly cause this fault?' Then the likelihood of each possible cause must be balanced against the time 

it will take to test as a possibility. It is, in fact, a real intellectual challenge. We are prepared to show you how to do 
it, provided you have at least an HND in electronics. 

Pye TVT is a world leader in the development, production and marketing of professional broadcast equipment . . We 

export 90% of what we make and our sales have grown rapidly in the last five years. We are situated on the outskirts 

of Cambridge, and have been closely associated with its commercial and cultural activities for many years. There are 
good schools, historic buildings and large, green, open spaces. We're only 63 minutes away from London and an 
hour from the coast. 

If you are interested in finding out more about the job and its prospects, the possibilities of travel and so on, we 
have set aside Friday afternoons to talk to you. Why not telephone Alison Millar on Cambridge (0223) 45115 or 

write to her at the address below. We can offer generous relocation expenses and other benefits to successful 
candidates. 

Pye TVT Limited 
PO Box 41 Coldhams Lane Cambridge England CB1 3JU 
-Tel: Cambridge (0223) 45115. Telex: 81103 

DESIGN AND TEST ENGINEE-RS 
Vacancies exist at both senior and junior levels in the Design Departments and at junior level in the Test Department of 

the Research Division of Rediffusion Engineering Limited at Kingston-upon-Thames. Surrey. 

Rediffusion supply, install and operate Cable Television Distribution Systems in the. U.K. and abroad, and Rediffusion 

Engineering is responsible for the design of equipment to operate and maintain these systems. 

Senior Design Engineers are expected to originate and develop through to small scale production analogue and digital 

equipment s?lving a variety of problems from D.C. to U.H.F . relating to transmission on cable and via fibre optics. 

Graduates w1th at least 5 years' design experience are sought for these positions . Junior positions are also available for 
graduates or persons qualified to H. N.C. standard to assist in some of these areas. 

The Test_ Departf!lent du!ies _will include measuring parameters of components and sub-assembli~s at R.F., fault finding 

and testmg of Simple CirCUits, as well as performing other more general duties associated w1th a test department. 

Applicants sh~~ld ~ave a good general education and, through the day release offered, be prepared to study for further 
technical quahf1cat1ons. 

The compa~ off~~s excelle~t working conditions in quiet surroundings, 20 days annual holiday. and a subsidised staff 
restaurant. There IS a contnbutory pension and Life Assurance Scheme. 

REDIFFUSION 

Apply to : 
H. L. Baker, Esq., or I. R. Budgen, Esq. 
Head of Cable Transmission Depart­
ment, Head of Test. 
REDIFFUSION ENGINEERING LTD., 
187 Coombe Lane West, 
Kingston-upon-Thames, 
Surrey KT2 7 OJ. · 
Telephone: 01-942 8900. 

(9718) 

(9663) 

I 
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SENIOR 
LABORATORY 
-TECHNICIAN 

BBC RESEARCH DEPARTMENT 
KINGSWOOD WARREN, TADWORTH, SURREY 

A vacancy exists in the Transmitters and Propagation Section 
of the BBC Research Department for a Seni~r Laboratory . 
Technician. Duties include a variety of work m the field of_ rad1o 
frequency technology under the direction of r~search engm~e:s. 
Construction and experimental work is involved on transmittmg · 
and receiving systems for a wide selection 0f frequency ?an?s 
and includes work on microwaves and optical communicatiOns. 

Candidates, male or female, must possess an H. N.C. or equivale_nt 
qualification and have a good knowledge_o_f radio and el~ctromc 
technology. An interest in radio and television, and assoctated 
radio frequency measuring techniques would be desirai;>l~, also 
experience in basic workshop practice. Good opportumties for 
promotion to Engineering Technician. 

Starting salary according to experience in the range .. 
£5170-£5620 rising to £6295 as a Senior Laboratory Techmcian, 
and ultimately to £7 585 as an Engineering Technician. 
Pensionable post. Re-location expenses considered. 

Write for application form to Research Executive, 
BBC Research Department, Kingswood Warren, T"' 

Tadwc;.rth, Surrey KT20 6NP, quoting reference 696/JMr.. 
or telephone Mogador 2361. 

(9695) 

UNIVERSITY 
·oF WARWICK 

ELECTRONICS I SOFTWARE 

Electronics 
Technician 

Grade 7 
required in the Department of Chemistry and 
Molecular Sciences to take charge of a 
well-equipped electronics workshop .. The 
duties include responsibility for maonte­
nance of both electrical and electronoc 
equipment in the DeiJartment. design a~d 
construction of specoahsed electronoc equ op­
ment and modifications to existing equip­
ment and the supervision of a Grade 4 
Technician employed primarily on repair and 
maintenance work. The Department os 
equipped with a wide range of· scientific 
instrumentatoon oncludong mass spec­
trometers, magnetic resonance instrument~. 
spectrophotometers and chromatographoc 
equipment. The successful candidate will 
probably hold an HNC or equivalent in the 
field of electronics and have wode experoence 
in the design and maintenance of complex 
electronic equ ipment . The Unoversoty os 
situated in pleasant rural surroundongs 
within easy commuting distance of Coven­
try, Kenilworth and Leamington Spa. Salary 
on the Technican Grade 7 scale: £4.940-
£5,500 p.a. (under review). starting point 
depending on experience and qualofocatoons. 
Application should be made by letter govong 
full details and the names and addresses of 
two referees to the Personnel Office, Uni· 
versity of Warwick, Coventry CV4 7 AL, 
quoting Ref . No . 3 I 5T 179 as soon as 
possible . 

ENGINEERS 

LEISURE INDUSTRY 
Due-to continued expansion in the development of systems related to coind 
operated phonographs, video games and other types of com-operate f 
amusement machines the Research and Develo~ment Department ~ 
Associated Leisure Amusement Machines Ltd, 1s seekmg to recru1t 
Electronic Engineers with software expenence. 

The candidate should have experience in the design an~ operat;on of 
microprocessor systems with a degree of knowledge relat1ve to so tware 

programming. 

Three weeks' annual holiday, non-contributory pension scheme. Salary 

negotiable. 

Applications in writing to: 
Mr. N. Parker 

Divisional Research and Development Manager 
ASSOC1ATED LEISURE AMUSEMENT MACHINES LTD. 

The Old Granary, Wetmore Road 
Burton-on-Trent, Staffs. 

(9697) 
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THE ROYAL FREE 
HOSPITAL, HAMPSTEAD 

DEPARTMENT OF 
MEDICAL PHYSICS 

MEDICAL PHYSICS 
TECHNICIAN II OR Ill 

salary scJ~Iectronics) 
£4824-£5964 p.a. MPT II 

(increase pending) 
£4098-£5142 p.a. MPT Ill 

(increase pending) . . 
Electronics Technician requored to JOin a 
small team resoonsible for maintenance of 
EMI Brain Scanner, Thermograph_y, 
Radiotherapy, Ultrasound and other equop­
ment Qualifications required are HNC or 
equivalent. with Electronics. Please quote 
ref. 0763. 

BASIC GRADE 
GRADUATE SCIENTIST 
Salary scale £3840-£4269 p.a. (oncrease 

pending) . . . 
Applications are ~nvoted fr~m graduates 
trained in computing to JOin thos department, 
with expanding commitments on thos held . 
Duties will be to develop the computer 
processing of gamma camera data and to 
assist in the development of a radoothera.py 
treatment planning scheme, assocoated woth 
a computer-controlled treatment machone 
Please quote ref. 1483. 

LOCUM BASIC 
GRADE PHYSICIST 

Required for 6 months to assist in a variety of 
work, either in Nuclear Medoc~ne or on 
Radiotherapy Physics . Qualifocatoon os an 
Honours Degree in Science. Please quote 
ref. 1484. 

Applications Ito be returned bv October 
1st) from the Personnel Depanment, 
The Roylll Free Hospital, Pond Street, 
N.W.3. Tel. 01-794 0500, ext. 4286 . . 
Camden and Islington Area Health Authoroty 
(f). 

The Polytechnic 
of North London 

Departme~t of Chemistry 

LABORATORY 
TECHNICIAN 
(Grade 5) 
required for Electronic 
Instrumentation work in the 
Laboratories. This will involve 
maintenance, fault-finding, 
servicing of amplifiers, 
servo-systems, analog_ue and 
digital circuits as applied t<;> .. 
spectroscopic and o~her scJentlfic 
equipment. There will also_ be I 
opportunity for the ope:atwn,d , ' 
development, modificatiOn _an 
construction of special eqmpment 
for research purposes. 
Candidates should hold HNC, 
Advanced City & Guilds or 
recognised app~e!ltic_eship, or an 
equivalent quahficati<;>n, 
preferably in electromcs, _and . 
have 8 years' experience mclus1ve 
of the training period. 
Salary Scale: £3999-£45~1 . 
inclusive of London We1ghtmg. 
Apply for further details and 
application form to the Head of 
the Department of Chemistry, 
The Polytechnic of North 
London, Holloway Road, London. 
N7 808. (9654) 

CAPITAL 
APPOINTMENTS LTD 

. FREE JOBS~llS-r 
for '-

,fiELD SERVICE ENGINEER$1 : 
BASIC SALARIES TO 

£7,000 +CAR 
(87~1) 

30 Windmill Street, London, Wl 
01-637 5551 
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nnd 
the 
Fault. 
We need Test Engineers 
at all levels. 

Can you imagine a •crime sheet' of 200 faults that have to be cleared? Some of these invoive sorting out problems in 

proprietary equipments, with no time to send them back. Snags range from dry joints leading to complementary 
colours, to cables that aren't matched in length to within a fraction of an inch. 

Systems testing is a very special ability, calling for a cool head, a logical mind and the ability to think •what kind of 

thing could possibly cause this fault?' Then the likelihood of each possible cause must be balanced against the time 

it will take to test as a possibility. It is, in fact, a real intellectual challenge. We are prepared to show you how to do 
it, provided you have at least an HND in electronics. 

Pye TVT is a world leader in the development, production and marketing of professional broadcast equipment . . We 

export 90% of what we make and our sales have grown rapidly in the last five years. We are situated on the outskirts 

of Cambridge, and have been closely associated with its commercial and cultural activities for many years. There are 
good schools, historic buildings and large, green, open spaces. We're only 63 minutes away from London and an 
hour from the coast. 

If you are interested in finding out more about the job and its prospects, the possibilities of travel and so on, we 
have set aside Friday afternoons to talk to you. Why not telephone Alison Millar on Cambridge (0223) 45115 or 

write to her at the address below. We can offer generous relocation expenses and other benefits to successful 
candidates. 

Pye TVT Limited 
PO Box 41 Coldhams Lane Cambridge England CB1 3JU 
-Tel: Cambridge (0223) 45115. Telex: 81103 

DESIGN AND TEST ENGINEE-RS 
Vacancies exist at both senior and junior levels in the Design Departments and at junior level in the Test Department of 

the Research Division of Rediffusion Engineering Limited at Kingston-upon-Thames. Surrey. 

Rediffusion supply, install and operate Cable Television Distribution Systems in the. U.K. and abroad, and Rediffusion 

Engineering is responsible for the design of equipment to operate and maintain these systems. 

Senior Design Engineers are expected to originate and develop through to small scale production analogue and digital 

equipment s?lving a variety of problems from D.C. to U.H.F . relating to transmission on cable and via fibre optics. 

Graduates w1th at least 5 years' design experience are sought for these positions . Junior positions are also available for 
graduates or persons qualified to H. N.C. standard to assist in some of these areas. 

The Test_ Departf!lent du!ies _will include measuring parameters of components and sub-assembli~s at R.F., fault finding 

and testmg of Simple CirCUits, as well as performing other more general duties associated w1th a test department. 

Applicants sh~~ld ~ave a good general education and, through the day release offered, be prepared to study for further 
technical quahf1cat1ons. 

The compa~ off~~s excelle~t working conditions in quiet surroundings, 20 days annual holiday. and a subsidised staff 
restaurant. There IS a contnbutory pension and Life Assurance Scheme. 

REDIFFUSION 

Apply to : 
H. L. Baker, Esq., or I. R. Budgen, Esq. 
Head of Cable Transmission Depart­
ment, Head of Test. 
REDIFFUSION ENGINEERING LTD., 
187 Coombe Lane West, 
Kingston-upon-Thames, 
Surrey KT2 7 OJ. · 
Telephone: 01-942 8900. 

(9718) 

(9663) 

I 
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I((((. )))JJI UNIVERSITY OF LIVERPOOL 
o.p.nm.nt of Ph-pica 

SENIOR EXPERIMENTAL 
OFFICER/ 

EXPERIMENTAL OFFICER 
Graduate Electrical/ 
Electronic Engineers 
Research and Development in 
Telecommunications 

To assist with developing equipment and 
systems for collecting and Jl(ocessing data. 

An opportunity for recent graduates to gain 
experience. The successful applicant will 
work in one of several areas including 
programme support, logic or analogue 
circuitry, application of minicomputers, etc. 

The Directorate of Telecommun ications, London, is responsible for the extensive and 
sophisticated facilities used by the police, fire, prisonand associated services. The role 
of the Research and Development Section is to ensure that maximum benefit is derived 
from the use of modern techniques . 

Oegre·a or equivalent qualification 
necessary. Salary, according to age and 
experience on the scale for Experimental 
Officer (up to £6.108 p.a.) or Senior Ex­
perimental Officer (up to £7, 145 p.a.) 

Application forms may be obtained from The 
Registrar, the University, P.O. Box 147, 
Liverpool L69 38X. Quote Ref: RV /768/ 
WW. The training and e~perience given to Graduate Engineers - ranging from the initial 

interpretation of a non-technical statement of requirement through to the management 
of design, development and contract - is carefully planned by a senior engineer and 
covers the tra ining requirements of the I EE . 

(9713) 

You should preferably be aged under 26 and must have a good honours degree in 
electronics or electrical engineering or an allied subject . 

BRIGHTON POLYTECHNIC 
LEARNING REIOURC£1 

ELECTRONIC 
ENGINEE .. SALARY (under review) 

Your starting salary will be at least £5035 . Completion of training (usually one or two 
years) leads to a salary rising to £7320. Promotion prospects . Non-contributory 
pension scheme. 

£4844.£&1547 .-r annwn 
To work with a team of experienced engin­
eers and technicians developing audio-visual 
facilities throughout the Polytechnic. The 
wide range of systems developments include 
sound and colour TV production, video 
recording and editing to near broadcast• 
standards. The Electronics Engineer will 
apply digital and analogue techniques to 
develop and install new equipment. upgrade 
existing .facilities, and assist with its mainte-' 
nance . .Formal training to degree, HNC or 
equivalent standard will be expected, and 
experience with electronic design and con­
struction, preferably including television . 

For further details and an appl ication form (to be returned by 12 October 1979) write 
to Civil Service Commiss ion, Alencon Link, Basingstoke, Hants RG21 1JB, or 
telephone Basingstoke (02 56) 68 5 51 (answering service operates outside office 
hours) . Please quot e ref: T / 5179 / 2. 

HOME OFFICE 

llf(((. )))JJ 
A MADHOUSE IS MOVING 

Those of you who have heard reports of our none too salubrious premises- that 
you have to fight your way through a surfeit of bodies, fag ends and tiles- may 
like to be interviewed in our more spacious offices . The conditions will soon be 
much the same (Parkinson 's Law) . 

NEWVACANCIES INCLUDE 
Senior Project Engineer - overall responsibility for 1-off computer systems . 
Responsibilities include meeting technical goals , schedu led delivery dates, cost 
control and customer liaison. Experience in project control plus in -depth 
knowledge of microcomputer hardware/software. Berks; up to £10,000 . 

Project M anagers and Circuit designers - alarm and shutdown equipment 
for off-shore oil platforms - a microprocessor based system with colour visual 
display- very high reliability design techniques . To £8 ,000 . To £10,000 for 
project managers. 

Design development engineers for the latest generation of intell igent 
terminals used in Viewdata and Prestel. Varied techn iques including micro­
processor controls and audio telephone. Essex; to £7 ,500. 

Young Communications Systems Engineer: experienced in VHF I UHF 2 way 
mobile, portable and paging systems . Plenty of technical and sales liaison. Will 
train. Hants. 

Exceptional opportunities f o r young graduates in medical instrumentation . 
Very high technology employing both analogue and digital techniques . Cambs; 
to £5,500. 

Young engineers with experience or wishing to gain experience in micro­
processor hardware / software - join a new team engineering- the ultimate?­
in automatic test equipment. High level and low level languages employed . 
London; to £7 ,000 

ALWAYS IN DEMAND 
Electronic Blokes - all shapes and sizes - anyone with experience and / or 
qualifications in electronics. 

For' further details, please co~ tact: 

Charles Airey Associates 
"PROIAILY THE l EST KNOWN SUPPliER Of ElECTRONICS ENGINEERS 1111 THE COUIITII Y" 

ANANCIAL TIMES 
155 KNIGHTSBRIDGE, LONDON, SWT . TEL 01-581 0286 

(9708) 

(9714) 

Further details and application form from the 
Personnel Officer. Brighton Polytechnic , 
Moulsecoomb, Brighton BN2 4AT. Tel: 
Brighton 693655 Ext. 2536. 
Oosing date: 5 October, 1979. (9717) 

TECHNICAL LIAISON 
EXECUTIVE 
Dusseldorf 

Maxell Europe are International leaders in 
the field of quality magnetic tapes which 
include audio and video cassettes. As a 
result of their European expansion 
programme they require a young and 
energetic person, ideally aged 25-35 to 
work closely with their European 
distributors and dealers and to supervise 
the Maxell tape clinics. 

Based in Dusseldorf but with extensive 
European travel, a working knowledge of 
German would be useful, though not 
essential. Salary will be negotiable, 
commensurate with the position. 

Please write to the address below. 

CHR Recruit111ent 
11 Hanover Street London WIR 9HF. 

Telephone:Ol -629 3727. Telex: 261254 CHR/NT(9672) 

WIRELESS WORLD, OCTOBER 1979 

RUFFLER & DEITH LTD. 
Leaders in leisure, require the 
following staff: 

ELECTRONICS 
ENGINEERS 

ONC/HND or relevant ex-
. perience preferably with 
digital and video background 
to work on amusement 
machines and logic boards. 

TV ENGINEERS 
with mono and colour ex­
perience. 
Details on application to J. 
Emerson at: 1 2 7 Wands­
worth High Street, London, 
S.W. 18. 01-870 5224/ 
5238. (9665) 

UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF PHYSICS 

ELECTRONICS 
TECHNICIAN 

GRADE& 
To assist in developing and com ­
missioning digital and analogue elec­
tronic equipment , Good opportun ity . 
to gain experience of complex sys­
tems for data acquisition and proces­
sing using micro- and minicomputers 
linked to powerful mainframes. 
Recognised qualification (H .N .C. or 
equivalent) and previous experience 
essential. Salary within a range 
£4243-£5068 p.a . (under review) . 
Application forms may be obtained 
from The Registrar, The University, 
P.O. Box 147, Liverpool L6g 3BX . . 
Quote Ref: RV/765/WW. 

(9711) . 

15 1 Appointments 
~DE&SCHWARZ 

lndependant concern, represented in 80 countries 

MANAGER 
QUALITY ASSURANCE 

'ROHDE & SCHWARZ are one of the worlds leading manufacturers of commun ica'tion 
equipment and instrumentation for the radio frequency market . A career opportunity 
exists at A VELEY I ROHDE & SCHWARZ UK LTD for a quality assurance manager with 
the aptitude for the demanding and fascinating business of controlling quality in a DEF 
STAN 05 .24 MOD approved organisation. 

We operate at the forefront of technology. The prosp~cts are exc~llent and the 
successful candidate will be encouraged to develop to the1r full potent1al. An HNC or 
equivalent experience will be required in order to understand the technology and test 
methods. Training is given in Germany and the United States. 

If you consider you are qualified to manage our quality ass~rance department please 
telephone 01-397 8771 for an appl ication form or contact d1rect our General Manager 
D. H. Meyer. 
We offer attractive reward packages to our successful managers and provide pleasant 
working conditions at our Chessington office. 

Ring now! 

aveley 
e ectric LTD 

Electronic Instruments & Communications Equipment 

Roebuck Road 
Chessington 
Surrey KT9 1 LP 
0 1-397 8771 

Service 
Engineer 

,,rllllllllllllllllllllllllllm~llllllllllllllllllmlllll!llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll l lllt 11 
Technician/Engineel 

TV Broadcasting 
We have a vacancy for a skilled Technician / 

Engineer in the central technical area at our 
Birmingham studio centre: the job involves the 
operation and maintenance of electronic film . 
projection equipment(telecine) during programme 

ITI Consumer Products is one of the leading manufacturers of 
colour T.V.'s, with Teletext and Viewdata, also radios and hi-fi 
equipment. We now need an engineer to service our wide range of 
colour T.V.'s at our main s·ervice centre in Paddock Wood . 

The ideal candidate, male or female, will have City and Guilds 222, 
plus a colour endorsement, and at least 3 years' p·ractical 
experience. Experience of ITT products is preferred but not 
essential, as training will be given . 

We offer an excellent starting salary, and the opportunity to work 
with some of the latest television technology including Teletext . 

Please write or telephone for an application form to : 
Mr. S. Cousins, Personnel Officer, ITT Consumer Products (UK) 
Ltd ., Eldon Way, Paddock Wood, Nr. Tonbridge, Kent . Tel: 
Paddock Wood 4422 . 

(9706) 

IT~ 
wa"~id.-=-~ide Technology~ 

----- ----

transmission hours. . 
Applicants must have a thorough knowledge of 

modern colour N engineering principles and · 
practices. and good practical maintenance ability. 
Education to C&G (Full Tech. Cert.). TEC Dip. or HNC 
would be appropriate. 

The appointment will be made on an automatic 
annual salary scale from £4442 p .a. to £6323 p .a ., 
according to qualifications and experience. (ACTT 
Agreement. rates under revie~'). 

Application forms are available from:-

The Head of Staff Relations, 

ATVNetwork Limited 
ATV Centre, Birmingham. B1 2JP 

021 643 9898 Ext. 369 
Please quote Vacancy Number 66 (W) .....-

lillllll!llllll ll ll ll llllllllll ll lllli!lll!l!ll 
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of the Research and Development Section is to ensure that maximum benefit is derived 
from the use of modern techniques . 

Oegre·a or equivalent qualification 
necessary. Salary, according to age and 
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BRIGHTON POLYTECHNIC 
LEARNING REIOURC£1 
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Your starting salary will be at least £5035 . Completion of training (usually one or two 
years) leads to a salary rising to £7320. Promotion prospects . Non-contributory 
pension scheme. 
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To work with a team of experienced engin­
eers and technicians developing audio-visual 
facilities throughout the Polytechnic. The 
wide range of systems developments include 
sound and colour TV production, video 
recording and editing to near broadcast• 
standards. The Electronics Engineer will 
apply digital and analogue techniques to 
develop and install new equipment. upgrade 
existing .facilities, and assist with its mainte-' 
nance . .Formal training to degree, HNC or 
equivalent standard will be expected, and 
experience with electronic design and con­
struction, preferably including television . 

For further details and an appl ication form (to be returned by 12 October 1979) write 
to Civil Service Commiss ion, Alencon Link, Basingstoke, Hants RG21 1JB, or 
telephone Basingstoke (02 56) 68 5 51 (answering service operates outside office 
hours) . Please quot e ref: T / 5179 / 2. 

HOME OFFICE 
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A MADHOUSE IS MOVING 

Those of you who have heard reports of our none too salubrious premises- that 
you have to fight your way through a surfeit of bodies, fag ends and tiles- may 
like to be interviewed in our more spacious offices . The conditions will soon be 
much the same (Parkinson 's Law) . 
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Senior Project Engineer - overall responsibility for 1-off computer systems . 
Responsibilities include meeting technical goals , schedu led delivery dates, cost 
control and customer liaison. Experience in project control plus in -depth 
knowledge of microcomputer hardware/software. Berks; up to £10,000 . 

Project M anagers and Circuit designers - alarm and shutdown equipment 
for off-shore oil platforms - a microprocessor based system with colour visual 
display- very high reliability design techniques . To £8 ,000 . To £10,000 for 
project managers. 

Design development engineers for the latest generation of intell igent 
terminals used in Viewdata and Prestel. Varied techn iques including micro­
processor controls and audio telephone. Essex; to £7 ,500. 

Young Communications Systems Engineer: experienced in VHF I UHF 2 way 
mobile, portable and paging systems . Plenty of technical and sales liaison. Will 
train. Hants. 

Exceptional opportunities f o r young graduates in medical instrumentation . 
Very high technology employing both analogue and digital techniques . Cambs; 
to £5,500. 

Young engineers with experience or wishing to gain experience in micro­
processor hardware / software - join a new team engineering- the ultimate?­
in automatic test equipment. High level and low level languages employed . 
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Engineer in the central technical area at our 
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projection equipment(telecine) during programme 

ITI Consumer Products is one of the leading manufacturers of 
colour T.V.'s, with Teletext and Viewdata, also radios and hi-fi 
equipment. We now need an engineer to service our wide range of 
colour T.V.'s at our main s·ervice centre in Paddock Wood . 

The ideal candidate, male or female, will have City and Guilds 222, 
plus a colour endorsement, and at least 3 years' p·ractical 
experience. Experience of ITT products is preferred but not 
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lillllll!llllll ll ll ll llllllllll ll lllli!lll!l!ll 
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Professional Careers 
in Electronics 

All the others are measured by us ••• · 
At Marconi Instruments we ensure that the very best of 
innovative design is used on our range of 
communications test instruments and AT. E. We have a 
number of interesting opportunities in our Design, 
Production and Service Departments and we can offer 
attractive salaries, productivity bonus, pension and sick 
pay schemes together with help over relocation. 
If you are interested to hear more, please fill in the 
following details:- , 

r·--------~ I Name Age I 
1 Address I 
I I 
I I 
I Telephone Work/Home (if convenient) I 

I I I Years of experience 0-1 1 -3 3-6 Over 6 I 
I o o o o I 

. 1 Present salary £2,500- £3,500- £4,500- over I 
1 3,5oo 4,5oo 5,5oo £5,5oo I 
I o o o o I 
I Qualifications None C & G HNC Degree 1 
I 0 ~ 0 D I 
I Present job I 
I I 
I I 
L ••••••••••••••• ~ 
Return this coupon to John Prodger, Marconi 
Instruments Limited, FREEPOST, St. Albans, Herts, 
AL4 OBR. Tel: St Albans 59292 

Marconi 
Instruments A GEC MARCONI ELECTRONICS COMPANY 

(3200) 

WIRELESS WORLD, OCTOBER 1979 

INSTRUMENT 
TECHNICIANS . 
Help to ensure a 
safer environment 

These posts, at Cricklewood in London, are in the lnstru- . 
ment Maint~nance Unit, which undertakes acceptance testing 
of n~w equ1pment, a~d provides a maintenance and repair 
serv1ce for an extens1ve range of portable environmental 
monitoring instruments used by the Inspectorate. This work is 
expanding to cover both the development of new instruments 
and the design of specialised test facilities . It is possible that the 
Laboratories will be dispersed to SW Lancashire in the 1 980s. 

There are two posts available: 

The successful candidate for the senior post will be 
expect.ed to ha~dle the more demanding work and will 
superv1se and tram other members of the team. He will design 
~ew equ.ipment, mod~fy existing instruments and may be 
1nvolved 1n the automation of the routine testing and calibration 
facilities. 

The successful candidate for the junior post will be 
expected to assist the senior officer and will be concerned with 
the constructing, setting-up and checking calibration test rigs 
as y..tell as the routine diagnosis of instrument failures. 

. Candidat~s for et~her post must hold O.N.C . or equivalent 
In an appropnate subJect. and have an aggregate of at least 4 
years' training (e.g . apprenticeships and I orfull-time study) and 
relevant experience; at least eight years required for the senior 
post. 

Salary for the senior post will start at £5305 and rise to 
£587 5. For the second post, salary starts between £3 96 5 and 
£4680 according to age, and rises to £5305. Salaries under 

_ review. Promotion prospects at both levels. Non-contributory 
pepsion scheme. . 

For further details and an application form (to be returned 
by October 19, 1979) write to Civil Service Commission 
Ale~con Link, Basing stoke, Hants, RG 21 1 J B, or telephon~ 
Basmgstoke (0256) 68551 (answering service operates 
outside office hours) . Please quote ref: T{J)648. , 

~-....Health~ Safety Y!i' Executive 

(9669) 

DEVELOPMENT 
MANAGER/E.NGINEER 

A leading Scientific Instrument Manufacturer require an experienced 
Development Manager I Engineer to control a small development depart­
ment in their U.K. Office in the South of England. 

Appli~a.nt~ should hav.e wide experience in project ma~~gement within the 
sc1ent1f1c mstrument f1eld and a highly innovative approach to instrumen­
tation design . 

The post requires a possible base in Holland for training during the first six 
months. 

Applicants should apply in writing with full career details to Box No 
9692. . 

(9692) 

EDITOR 
An Editor is required for a new technical journal aimed at Communications 
engineers in all disciplines from telephony to data comms. 

Applicants need not have experience in journalism but must be literate and 
thoroughly conversant with the communications industry. 

The successful applicant will be capable of controlling the editorial policy of 
the JOurna.l and ~nsunng 1~s devel?pment as one of the most exciting and 
respected mternat1onal publications m the communications business 

This .ind~pendent pub.lishing house already produces one of the top UK 
el~~tr~:>n1cs Journals and IS able to respond quickly and flexibly to individual 
m1t1at1ve. 

This responsible position will justify a high salary and offer considerable 
potential for personal development. 

Please contact Mike Dance at 3 7 5 Upper Richmond Road West. London 
SW14 7NX (Tel. 01-878 4852) and explain why you think you might be suitable 
for this position. 

WIRELESS WORLD, OCTOBER 1979 

UNIVERSITY OF YORK 
Department of Chemistry 

CHIEF 
ELECTRONICS 
TECHNICIAN 

(GRADE 6)_ 
A vacancy has occurred for the post of 
Chief Electronics Technician. The 
person appointed will be responsible 
for the day-to-day servicing of all 
electronic and electrical equipment, 
ranging from simple electrical appa­
ratus to sophisticated computer­
controlled equipment. He will also be 
responsible, in consultation with the 
academic and other technical staff, for 
the development and construction of 
new equipment and for liaison with 
service engineers when necessary. A 
background in laboratory. instrumen­
tation will be an advantage but not 
essential. 
Salary on Grade 6 (£3,984-£4, 758 
p.a ., under review). 
Applications including curriculum 
vitae and the names of two pro­
fessional referees should be sent 
88 so·on 88 possible for the 
attention of The Laboratory 
Superintendent, Department of 
Chemistry, University of York, 
Heslington, York Y01 500 (Tel. 
0904 59861, Ext. 310), from 
whom further details are available. 

(9676) 

SENIOR ­
ELECTRONICS 
TECHNICIAN 

Salary £3744-£4788 
Electronics Technician required to 
form part of a department responsible 
for the maintenance and servicing of 
medical and electronic equipment 
throughout the district. Candidates 
should have a wide experience of 
electronic equipment with an under­
standing of its safetY aspects. 

Qualtfications - HNC Electronics 
preferred - ONC Electronics consid­
ered. Job description and application 
form from District Works Officer, 
Hastings Health District, 9 White 
Rock Road, Hastings. Closing date 
5th October, 1979. 

(9726) 

TELEVISION TECHNICIAN required 
in Educatilolllal Services Unit, Medi­
cal 'School, for illlteresting .and 
varied WIOrk ino1uddn:g madntenance 
and oper,atfoon of a >Simatl stud'io, 
black and Wlhitte/col:Our equipment. 
Previous experienc-e with television 
desir.able but llil>t ess.e111tl..al. 'C'andli­
d.ates should nave appropri.at1! 
qwaLifica.tions ,and background. 
Salary scale £3474-£4056 p.oa. -
Application fol'lm .fnom Asslisltant 
Seoretrary, PerSIO·nnel Office, Univer· 
sdty of B-irmingham, P.O. Box 363, 
Birmingham B15 ZTT. Ref. 496/C/ 
339. Cllosing date !)tb October. 

(9664) 

fELEVISION RETAIL BUSINESS M 
the hd·g'hest S'l:andin.g .requlires 
rr.a:lne·e. Glood opportunity fo·r c:ap­
able applicant with technical a·ptli­
tude. - Write only, stating age and 
details of background an.d care·er, 
Dr:azin Ltd., 57 Heath Str.eet, Hamp­
Htea.d, N.W.3. (9'659 

ELECTRONICS ENGINEERS to 
£14;000, Micr()wave/RF design to 
£250 pw, Microwave/RF te·st to £220 
pw, Digital, Analogue, Communica­
tion and Computer Engineers, De· 
sign/Test/Service to £230 pw, f9r 
long (2 years) lucrative contracts 
at many sites throughout Southern 
England. - Roger Howard, C.Eng, 
MIEE, Cliveden Consultants (CRC), 
99 St Leonards Road, Windsor 
(07535! 57818, answerphone. 19646 

153 Appointments 

SHELL U.K. 
EXPLORATION & PRODUCTION 

Telecommunications 
Maintenance 
Technician 
This position provides an excellent opportunity for a 
senior telecommunications technician to work with a 
broad range of equipment covering internal and external 
communications facilities on our North Sea Oil and Gas 
Production platforms. The range covers public address, 
P.A.B.X., A.M. and F.M. radios, line of sight and 
tropospheric scatter systems. 

The Job 

The successful applicant will be required to: 
*Co-ordinate and supervise a planned maintenance 
system 
*Prepare defect reports for the telecommunications 
engineers. 
*Ensure that adequate stocks of spare parts are 
maintained. 
*Ensure the documentation system are updated as 
required. 

Qualifications and Experience 

Applicants should be aged 25-40with an appropriate 
O.N.C or full City and Guilds Technological certificate in 
telecommunications, or have an equivalent services 
background. 
Some experience on microwave equipment maintenance, 
with at least one year at a supervisory grade would be 
advantageous. 

The Rewards 

A competitive salary package will be offered which will 
include allowances for offshore visits. The position is 
based in Aberdeen, so relocation expenses will be paid 
where appropriate. 
Please write for an application form to: 
Recruitment and Development Supervisor, UEPA/113, 
Shell U.K. Exploration and Production, 
1 AI tens Farm Road, 
Nigg, 
Aberdeen. or telephone 0224- 882149 (9685) 

SPOT CASH for all type:; test equip­
ment, receivers, transmitters, 
valves, components, cable and sur­
plus electronic scrap . M. & B. 
Radio, 86 Bishopgate Street, Leeds 
LSl 4BB. 0532 35649. (8789 

ARTICLES WANTED 

STO·RAGE .SPACE is expensive, why TURN YOUR SURPLUS Capadtors, 
s to·re redundant and obsolete transist10rs, etc, into c:ash. con'tact 
equipment? For fast and efficient C.OLES·HARDING & Go., 103 Sou1th 
clearance o.f all test gear, power Brink, Wis'bech, Gambs. 0945-4188. 
supplies, PC boards, components, Immediate settlement. We also wei­
etc., regardless of condition or come the OiP'P·ontunity to quote for 
quantities. Call 01-771 9·4·13. (8209 complete fact·o:r~ clearance. ( 9509 



152 

Professional Careers 
in Electronics 

All the others are measured by us ••• · 
At Marconi Instruments we ensure that the very best of 
innovative design is used on our range of 
communications test instruments and AT. E. We have a 
number of interesting opportunities in our Design, 
Production and Service Departments and we can offer 
attractive salaries, productivity bonus, pension and sick 
pay schemes together with help over relocation. 
If you are interested to hear more, please fill in the 
following details:- , 

r·--------~ I Name Age I 
1 Address I 
I I 
I I 
I Telephone Work/Home (if convenient) I 

I I I Years of experience 0-1 1 -3 3-6 Over 6 I 
I o o o o I 

. 1 Present salary £2,500- £3,500- £4,500- over I 
1 3,5oo 4,5oo 5,5oo £5,5oo I 
I o o o o I 
I Qualifications None C & G HNC Degree 1 
I 0 ~ 0 D I 
I Present job I 
I I 
I I 
L ••••••••••••••• ~ 
Return this coupon to John Prodger, Marconi 
Instruments Limited, FREEPOST, St. Albans, Herts, 
AL4 OBR. Tel: St Albans 59292 

Marconi 
Instruments A GEC MARCONI ELECTRONICS COMPANY 

(3200) 

WIRELESS WORLD, OCTOBER 1979 

INSTRUMENT 
TECHNICIANS . 
Help to ensure a 
safer environment 

These posts, at Cricklewood in London, are in the lnstru- . 
ment Maint~nance Unit, which undertakes acceptance testing 
of n~w equ1pment, a~d provides a maintenance and repair 
serv1ce for an extens1ve range of portable environmental 
monitoring instruments used by the Inspectorate. This work is 
expanding to cover both the development of new instruments 
and the design of specialised test facilities . It is possible that the 
Laboratories will be dispersed to SW Lancashire in the 1 980s. 

There are two posts available: 

The successful candidate for the senior post will be 
expect.ed to ha~dle the more demanding work and will 
superv1se and tram other members of the team. He will design 
~ew equ.ipment, mod~fy existing instruments and may be 
1nvolved 1n the automation of the routine testing and calibration 
facilities. 

The successful candidate for the junior post will be 
expected to assist the senior officer and will be concerned with 
the constructing, setting-up and checking calibration test rigs 
as y..tell as the routine diagnosis of instrument failures. 

. Candidat~s for et~her post must hold O.N.C . or equivalent 
In an appropnate subJect. and have an aggregate of at least 4 
years' training (e.g . apprenticeships and I orfull-time study) and 
relevant experience; at least eight years required for the senior 
post. 

Salary for the senior post will start at £5305 and rise to 
£587 5. For the second post, salary starts between £3 96 5 and 
£4680 according to age, and rises to £5305. Salaries under 

_ review. Promotion prospects at both levels. Non-contributory 
pepsion scheme. . 

For further details and an application form (to be returned 
by October 19, 1979) write to Civil Service Commission 
Ale~con Link, Basing stoke, Hants, RG 21 1 J B, or telephon~ 
Basmgstoke (0256) 68551 (answering service operates 
outside office hours) . Please quote ref: T{J)648. , 

~-....Health~ Safety Y!i' Executive 

(9669) 

DEVELOPMENT 
MANAGER/E.NGINEER 

A leading Scientific Instrument Manufacturer require an experienced 
Development Manager I Engineer to control a small development depart­
ment in their U.K. Office in the South of England. 

Appli~a.nt~ should hav.e wide experience in project ma~~gement within the 
sc1ent1f1c mstrument f1eld and a highly innovative approach to instrumen­
tation design . 

The post requires a possible base in Holland for training during the first six 
months. 

Applicants should apply in writing with full career details to Box No 
9692. . 

(9692) 

EDITOR 
An Editor is required for a new technical journal aimed at Communications 
engineers in all disciplines from telephony to data comms. 

Applicants need not have experience in journalism but must be literate and 
thoroughly conversant with the communications industry. 

The successful applicant will be capable of controlling the editorial policy of 
the JOurna.l and ~nsunng 1~s devel?pment as one of the most exciting and 
respected mternat1onal publications m the communications business 

This .ind~pendent pub.lishing house already produces one of the top UK 
el~~tr~:>n1cs Journals and IS able to respond quickly and flexibly to individual 
m1t1at1ve. 

This responsible position will justify a high salary and offer considerable 
potential for personal development. 

Please contact Mike Dance at 3 7 5 Upper Richmond Road West. London 
SW14 7NX (Tel. 01-878 4852) and explain why you think you might be suitable 
for this position. 

WIRELESS WORLD, OCTOBER 1979 

UNIVERSITY OF YORK 
Department of Chemistry 

CHIEF 
ELECTRONICS 
TECHNICIAN 

(GRADE 6)_ 
A vacancy has occurred for the post of 
Chief Electronics Technician. The 
person appointed will be responsible 
for the day-to-day servicing of all 
electronic and electrical equipment, 
ranging from simple electrical appa­
ratus to sophisticated computer­
controlled equipment. He will also be 
responsible, in consultation with the 
academic and other technical staff, for 
the development and construction of 
new equipment and for liaison with 
service engineers when necessary. A 
background in laboratory. instrumen­
tation will be an advantage but not 
essential. 
Salary on Grade 6 (£3,984-£4, 758 
p.a ., under review). 
Applications including curriculum 
vitae and the names of two pro­
fessional referees should be sent 
88 so·on 88 possible for the 
attention of The Laboratory 
Superintendent, Department of 
Chemistry, University of York, 
Heslington, York Y01 500 (Tel. 
0904 59861, Ext. 310), from 
whom further details are available. 

(9676) 

SENIOR ­
ELECTRONICS 
TECHNICIAN 

Salary £3744-£4788 
Electronics Technician required to 
form part of a department responsible 
for the maintenance and servicing of 
medical and electronic equipment 
throughout the district. Candidates 
should have a wide experience of 
electronic equipment with an under­
standing of its safetY aspects. 

Qualtfications - HNC Electronics 
preferred - ONC Electronics consid­
ered. Job description and application 
form from District Works Officer, 
Hastings Health District, 9 White 
Rock Road, Hastings. Closing date 
5th October, 1979. 

(9726) 

TELEVISION TECHNICIAN required 
in Educatilolllal Services Unit, Medi­
cal 'School, for illlteresting .and 
varied WIOrk ino1uddn:g madntenance 
and oper,atfoon of a >Simatl stud'io, 
black and Wlhitte/col:Our equipment. 
Previous experienc-e with television 
desir.able but llil>t ess.e111tl..al. 'C'andli­
d.ates should nave appropri.at1! 
qwaLifica.tions ,and background. 
Salary scale £3474-£4056 p.oa. -
Application fol'lm .fnom Asslisltant 
Seoretrary, PerSIO·nnel Office, Univer· 
sdty of B-irmingham, P.O. Box 363, 
Birmingham B15 ZTT. Ref. 496/C/ 
339. Cllosing date !)tb October. 

(9664) 

fELEVISION RETAIL BUSINESS M 
the hd·g'hest S'l:andin.g .requlires 
rr.a:lne·e. Glood opportunity fo·r c:ap­
able applicant with technical a·ptli­
tude. - Write only, stating age and 
details of background an.d care·er, 
Dr:azin Ltd., 57 Heath Str.eet, Hamp­
Htea.d, N.W.3. (9'659 

ELECTRONICS ENGINEERS to 
£14;000, Micr()wave/RF design to 
£250 pw, Microwave/RF te·st to £220 
pw, Digital, Analogue, Communica­
tion and Computer Engineers, De· 
sign/Test/Service to £230 pw, f9r 
long (2 years) lucrative contracts 
at many sites throughout Southern 
England. - Roger Howard, C.Eng, 
MIEE, Cliveden Consultants (CRC), 
99 St Leonards Road, Windsor 
(07535! 57818, answerphone. 19646 

153 Appointments 

SHELL U.K. 
EXPLORATION & PRODUCTION 

Telecommunications 
Maintenance 
Technician 
This position provides an excellent opportunity for a 
senior telecommunications technician to work with a 
broad range of equipment covering internal and external 
communications facilities on our North Sea Oil and Gas 
Production platforms. The range covers public address, 
P.A.B.X., A.M. and F.M. radios, line of sight and 
tropospheric scatter systems. 

The Job 

The successful applicant will be required to: 
*Co-ordinate and supervise a planned maintenance 
system 
*Prepare defect reports for the telecommunications 
engineers. 
*Ensure that adequate stocks of spare parts are 
maintained. 
*Ensure the documentation system are updated as 
required. 

Qualifications and Experience 

Applicants should be aged 25-40with an appropriate 
O.N.C or full City and Guilds Technological certificate in 
telecommunications, or have an equivalent services 
background. 
Some experience on microwave equipment maintenance, 
with at least one year at a supervisory grade would be 
advantageous. 

The Rewards 

A competitive salary package will be offered which will 
include allowances for offshore visits. The position is 
based in Aberdeen, so relocation expenses will be paid 
where appropriate. 
Please write for an application form to: 
Recruitment and Development Supervisor, UEPA/113, 
Shell U.K. Exploration and Production, 
1 AI tens Farm Road, 
Nigg, 
Aberdeen. or telephone 0224- 882149 (9685) 

SPOT CASH for all type:; test equip­
ment, receivers, transmitters, 
valves, components, cable and sur­
plus electronic scrap . M. & B. 
Radio, 86 Bishopgate Street, Leeds 
LSl 4BB. 0532 35649. (8789 

ARTICLES WANTED 

STO·RAGE .SPACE is expensive, why TURN YOUR SURPLUS Capadtors, 
s to·re redundant and obsolete transist10rs, etc, into c:ash. con'tact 
equipment? For fast and efficient C.OLES·HARDING & Go., 103 Sou1th 
clearance o.f all test gear, power Brink, Wis'bech, Gambs. 0945-4188. 
supplies, PC boards, components, Immediate settlement. We also wei­
etc., regardless of condition or come the OiP'P·ontunity to quote for 
quantities. Call 01-771 9·4·13. (8209 complete fact·o:r~ clearance. ( 9509 



Classified 154 

~DE&SCHWARZ 
Independent concern represented in 80 countries 

MANAGER 
TECHNICAL SERVICES DEPARTMENT 

ROHDE & SCHWARZ are one of the worlds leading manufacturers of communication 
equipment and instrumentation for the radio frequency market. A management career 
opportunity exists at A VELEY I ROHDE & SCHWARZ UK LTD for an electronic engineer 
with the aptitude for the demanding and fascinating business of technical services 
management. A technical services manager in addition to leading a team of service 
engineers playing a major role in the liaison at engineering level with our parent in 
Germany and the company's customers . 

We operate at the forefront of technology. The prospects are excellent and the 
successful candidate will be encouraged to develop to their full potential. An H NC/ BNC 
or equivalent experience will be required in order to understand the technology. 
Training is given in Germany and USA. 

If you consider you are qualified to manage our technical services department please 
telephone 01-397 8771 for an application form or contact direct our General Manager 
D. H. Meyer. 

We offer attractive reward packages to successful managers and provide pleasant 
working conditions at our Chessington office. 

Company car, Bonus scheme, Other Fringe Benefits. 

Ring now! 

aveley 
· e ectric LTo 

Electronic Instruments & Communications Equipment 

Roebuck Road 
Chessington 
Suney KT9 1 LP 
01-397 8771 

LECTRONIC 
TECHNICIAN 
Communication Systems 
Applications are invited for an Electronic Technician, Communication Systems. A range of 
projects are on-going, primarily concerned with mobile radio systems. These cover work on 
equipment and sub-systems operating at frequencies ranging from audio v.h.f. In addition, 
a significant activity now exists in digital transmission systems so that a knowledge of the 
latest digital techniques, particularly those involving microprocessor elements, would be an 
asset. 
Candidates should possess as a minimum the City and Guilds Electrical/ Electronic 
Engineering Craft Advanced Certificate and have at least 3 years' experience in research, 
development or experimental work . Preference will, however, be given to those who 
possess a full Technological Certificate or equivalent. 
Conditions of service are excellent. 
Starting salary will be within an incremental scale from £3,540 to £4,332 (under review), 
plus a current self-financing productivity deal. Initial placing according to age, qualificati 
and experience . 
Application forms may be obtained from: 
British Gas Corporation 
Engineering Research Station 

Killingworth BRITISH GAS Newcastle upon Tyne NE99 1 LH . 
T Newcastle 684828, Extension 348. 7o1) 

EN·CAPSULATING, coils, transform­
ers, components, degassing, sili­
cone rubber, resin, e.poxy. Lost 
wax casting for brass, bronze, sil­
ver, etc. Impregnating coils, trans­
formers, components. Vacuum 
equipment low cost, used and new. 
Also for CRT regunning met 
allising. Research & Development. 
Barratts, Mayo Road, Croydon, 
CRO 2QP. 01-684 9917. (9678 

ARTICLES FOR SALE · 

WIRELESS WORLD design teletext 
decoder, fully operational with 
keypad accessory. Quick sale £50. 
- Phone 01-250 0626. (9688 

WIRELESS WORL•D, May, 1970, to 
1\ug., 1978. - Offers to M. V. Peder­
>en , 19 Belgrave Street, Brighton. 

( 9703 

VISION ENGINEERING COMPARA· 
SCOPE enabling l"apid compal"is<ln 
of two objects up to 12 inc,hes 
squar·e, e.g. circud:t board.s, dda­
g~ams, etc. The optics highl.ight 
differences betw.een two items for 
the purp.ose of :inrs;pecti:On and/or 
err•or de•tectd•o•n. A pa·ir o-f X 7 bino­
cllllla·ns is included which enables 
vieWiing smaller detail. Phone 
Guernsey (0481) 37701. (9653 

WIRELESS WORLD, OCTOBER 1979 

BRIGHTON POLYTECHNIC 

LEARNING RESOURCES 

VIDEO RECORDING & 
STUDIO ENGINEER 

. £4644-£5547 per annum 
To supervise work in newly equipped recor­
ding and editing area using state of the art 
techniques. including Plumbicon colour 
telecine and a wide range of VTRs- some to 
broadcast standard. Also to assist in the two 
adjoining studios, containing systems with 
Operational experience of sound and colour 
video systems (preferably in a broadcasting 
or educational institution) and an HNC or 
equivalent educational qualification are 
desirable. 

Application forms and further details from 
the Personnel Officer, Brighton Polytechnic. 
Moulsecombe, Brighton BN2 4AT. Tel: 
Brighton 693655 Ext. 2536. 

Closing date: 17 October, 1979. (9716) 

ELECTRONICS. We .are crea1tlng a 
new de.pt to pl"ovide a Ieas!ing ,ser­
V'ic·e f·or Pr:estel View-data, T'eletex.t 
and micl"!O-c:omputer.s. Good OtptpO>r· 
tunrity f,or keen young atPPllcants 
with technic;al and commercial 

_ abi•Lity. - Wdte only, sta·ting .age 
and d·etails O·f background and 
career, DRAZIN Ltd., 59 H.e:alth 
Street, Hampstead, N.W.3. (9660 

ARTICLES FOR SALE 

SPEAKER 
KITS 

Two great new kits from KEF - the Speaker 
Engineers respected by HiFi enthusiasts all 

over the world. 
One is based on the Model 1 04aB and the 
other on the larger, free standing Cantata. 

We'll give you helpful advice and full 
instructions. 

And you can hear how good the speakers are 
before you build. 

Nottingham 
Hi-Fi Centre 

1 56 Alfreton Road 
Nottingham 

·Tel: 0602 78691 9 

(9657) 

ANTIQUE MACHINES 
+ CURIOSITIES 

The world's first high quality glossy 
magazine devoted to mechanical and 
other collectables and curiosities of all 
types. Fifty-six page first issue out 
now price 95p including 16 pages in 
full colour · and the unique collectors 
card index . Obtainable from your 
newsagent or direct from AM +C, 3 
Heathcock Court, Strand WC2R OPA. · 
Telephone: 01-379 6025. 

(9357) 

ELECTRONIC IGNITION P . .C. boards 
(capacitor discharge) manufactures 
surplus, tested, less box £2.75 
each. - 01-643 6111, evenings. 

(9689 

HP608F AM laboratory signal 
generator, 10-450 MHz, calibrated, 
excellent condition, £420. - Tel. 
04555 43·56 (Leics.) (9682 

OSCILLOSCOPES - SOLARTRON 
CD1400 D/trace with £20 manual 
DtC-15 MHZ £125. Heathkit 10-18U 
professionally built 4.5 MHz £28. 
Both good condition. 39 Horsebrook 
Lane, Brewood, Staffs. Tel. 850 760. 

(9680 

WIRELESS WORLD, OCTOBER 1979 
155 

SiTUATIONS VACANT .. 

Hewlett-Packard Limited designs and manufactures electronic test and 
measuring instruments and systems for a world-wide telecommunications 
market. New projects now under way demonstrate considerable technical 
innovation in analogue and digital design, and many use microprocessors . 

As a result of continuing growth we now have vacancies for people qualified to 
Degree, H. N.C., or equivalent level and with at least one year's relevant 
experience; in the following positions: 

Product Support Engineers 
To work with our R & D teams and ensure that serviceability is designed into 
products currently under development, plan and implement service support 
programmes for new products, train service personnel and customers, and 
provide support and repair advice to our world-wide service organization. 

Technical Authors 
To work with our Product Support Engineers, and the R & D and Marketing 
teams, to produce high-quality Operating and Service manuals-coordinating 
the manuals through illustration and photography into print. 

The successful applicants will combine a good knowledge of analogue and 
digital techniques with the ability to get on well with people and communicate 
both the written and spoken word. 1 

We can offer attractive salaries, and the Company's conditions of employment 
are excellent-including profit sharing, bonus, stock purchase scheme, non­
contributory pension and life assurance plans, prolonged disability scheme 
and flexible working hours. 

Please write or telephone for an application form to: 

Liz Stenhouse, South Queensferry, 
EH309TG. Personnel Administrator, 

Hewlett-Packard Limited, Tel. 031-3311000. 

(~~~~m~o_RN_C_O~NS~UM_E_R_EL_~_TR_ON_IC~S[~JD~·~~) 
Advance Study Engineer 

Thorn Consumer Electronics Limited, leading manufacturers of television and 
audio equipment in the U.K. wish to appoint an experienced Engineer for their 
Advance Study Group situated in the Research and Engineering Centre at Enfield: 

The successful applicant will join a team investigating new ideas and systems 
including digital techniques and microprocessors as well as modern analogue · 
methods. 

He/she should preferably be under 35 years of age with a degree or H.N.C. or 
relevant experience, recent graduates wi II be considered. 

Please apply in writing to: 

The Personnel, Manager, (ASE/WW), 
Thorn Consumer Electronics Limited, 
Great Cambridge Road, Enfield, Middlesex EN1 1 UL 
or telephone 363 5353 extension 2201 for an application form. 

ARTICLES-FOR SALE -. 

(9699) 

LAB CLEARANCE: Signal Gener· 
ators· Bridges; W~veform, 
transistor anal~sers; cah~rators; 
standards; milhvoltmeters, d~na­
mometers· KW meters; oscillo­
scopes· recorders; Thermal, ~weep_ 
low distortion true RIMS, aud1o FR, 
deviation. Tel. 040-37&236. (8250 

------------------~~, ---- -----~.--------------------

XTAL FILTERS~ Cathodeo~ BP474~- tSOLAR CELLS: bits, books and 
00 25kHz channel spacmg, 9Ht-.. · bargains. Send stamp for list or 
ohms/26pf, 10. 7MHz ±7.5kHz pass -<&5p for Solar Cell booklet and 
t~~d. Brand new. £18.00 each plus Data sheets. Edencombe Ltd 34 

and_ post: Domshelcon Ltd., Nathans Road, North Wembley, 
S(0°9U6t2h 88

DriVe, Littleton, Wine. he.ster. Middlesex; HAO 3RX. (8061 
. - 0878). <9436 

Classified 
ARTICLES FOR SALE 

IC CONVERTER 

COOKBOOK 
· by W. G. Jung Price £8.90 

A SIMPLE GUIDE TO HOME 
COMPUTERS 
by S. Ditlea Price: £4.00 · 
MICROCOMPUTER-BASED 
DESIGN 
by J. B. Peatman Price £5.50 
INTRODUCING 
MICROPROCESSORS 

i by G. L. Simons Price £7.00 
, OPERATIONAL AMPLIFIERS 
2nd eel. 
by G. B. Clayton . Price £10.00 

RADIO HANDBOOK 21sted. 
by W . I. Orr Price £13.50 

'MICROCOMPUTER 
DEVELOPMENT SYSTEMS 8t 
SUBSYSTEMS 
by Motorola Set price £15.90 
9900 FAMILY SYSTEMS DESIGN 
8t DATA BOOK 

• by Texas Instruments . Price £8.40 
INTRODUCTION TO DIGITAL 
TECHNIQUES 
by D. I. Porat Price £13.85 
THE DESiGN 8t DRAFTING OF 
PRINTED CIRCUITS 
by D, Lindsey Price £1 9.50 

*ALL PRICES INCLUDE PQSTAG~ * 

THE MODERN BOOK CO.' 
Specialists in Scientific 

& Technical Books 

19-21 PRAED STREET 
LONDON W2 1 N~ 

Phone 7234185 

Closed ?at. 1 p.m. (8974) 

Akai Glass & X-Tal 
· Ferrite Head ' 
Model GX/650 D 

(unused) 

Bargain at £550 

Tel: DUBLIN 907 225 
(9655) 

TV TUBE REBUILDING 
Top quality professional plant and 
equipment, and leading consultan1s. 
For complete plant or upgrading, and 
for training and all supplies. 

WESTERN .WHYBROW 
ENGINEERING 

TEL.(0736)762265 

VALVES RADIO. - T.V.-Industrial­
Transmitting. We dispatch valves 
to all parts of the world by return 

·of post, air or sea mail, 4,000 types 
in stock 1930 to 1976. Obsolete 
types a speciality. Lfst SOp. Quota­
tion S.A.E. Open to callers Monday 
to Saturday 9.30 to 5.00. Cl•osed 
Wednesday 1.00. We wish to pur­
chase all types of new and boxed 
valves . Co.x Radio (Sussex) Ltd ., 
Dept WW, The Parade, East Witter­
ing, Sussex P020 SBN, West 
Witte ring 2o23 ( sTn code 024(:~J2 
PRINTED CIRCUITS. Make your 
own simply, cheapl~ and quic.k~y! 
Golden Fotolak Light Sensitlve 
Lacquer - now greatly improved 
and very much faster. Aerosol cans 
with full instructions.. £2.25. 
Developer 35p. Ferric Chloride 55p. 
Clear Acetate sheet for master 14p. 
Copper-clad Fibre-glass Board ap­
prox. 1mm thick. £1.70 sq. ft. Post/ 
packing 60p. White House Elec­
tronics, P.O. Box 19. Penzance, 
Cornwall. I 9681 



Classified 154 

~DE&SCHWARZ 
Independent concern represented in 80 countries 

MANAGER 
TECHNICAL SERVICES DEPARTMENT 

ROHDE & SCHWARZ are one of the worlds leading manufacturers of communication 
equipment and instrumentation for the radio frequency market. A management career 
opportunity exists at A VELEY I ROHDE & SCHWARZ UK LTD for an electronic engineer 
with the aptitude for the demanding and fascinating business of technical services 
management. A technical services manager in addition to leading a team of service 
engineers playing a major role in the liaison at engineering level with our parent in 
Germany and the company's customers . 

We operate at the forefront of technology. The prospects are excellent and the 
successful candidate will be encouraged to develop to their full potential. An H NC/ BNC 
or equivalent experience will be required in order to understand the technology. 
Training is given in Germany and USA. 

If you consider you are qualified to manage our technical services department please 
telephone 01-397 8771 for an application form or contact direct our General Manager 
D. H. Meyer. 

We offer attractive reward packages to successful managers and provide pleasant 
working conditions at our Chessington office. 

Company car, Bonus scheme, Other Fringe Benefits. 

Ring now! 

aveley 
· e ectric LTo 

Electronic Instruments & Communications Equipment 

Roebuck Road 
Chessington 
Suney KT9 1 LP 
01-397 8771 

LECTRONIC 
TECHNICIAN 
Communication Systems 
Applications are invited for an Electronic Technician, Communication Systems. A range of 
projects are on-going, primarily concerned with mobile radio systems. These cover work on 
equipment and sub-systems operating at frequencies ranging from audio v.h.f. In addition, 
a significant activity now exists in digital transmission systems so that a knowledge of the 
latest digital techniques, particularly those involving microprocessor elements, would be an 
asset. 
Candidates should possess as a minimum the City and Guilds Electrical/ Electronic 
Engineering Craft Advanced Certificate and have at least 3 years' experience in research, 
development or experimental work . Preference will, however, be given to those who 
possess a full Technological Certificate or equivalent. 
Conditions of service are excellent. 
Starting salary will be within an incremental scale from £3,540 to £4,332 (under review), 
plus a current self-financing productivity deal. Initial placing according to age, qualificati 
and experience . 
Application forms may be obtained from: 
British Gas Corporation 
Engineering Research Station 

Killingworth BRITISH GAS Newcastle upon Tyne NE99 1 LH . 
T Newcastle 684828, Extension 348. 7o1) 

EN·CAPSULATING, coils, transform­
ers, components, degassing, sili­
cone rubber, resin, e.poxy. Lost 
wax casting for brass, bronze, sil­
ver, etc. Impregnating coils, trans­
formers, components. Vacuum 
equipment low cost, used and new. 
Also for CRT regunning met 
allising. Research & Development. 
Barratts, Mayo Road, Croydon, 
CRO 2QP. 01-684 9917. (9678 

ARTICLES FOR SALE · 

WIRELESS WORLD design teletext 
decoder, fully operational with 
keypad accessory. Quick sale £50. 
- Phone 01-250 0626. (9688 

WIRELESS WORL•D, May, 1970, to 
1\ug., 1978. - Offers to M. V. Peder­
>en , 19 Belgrave Street, Brighton. 

( 9703 

VISION ENGINEERING COMPARA· 
SCOPE enabling l"apid compal"is<ln 
of two objects up to 12 inc,hes 
squar·e, e.g. circud:t board.s, dda­
g~ams, etc. The optics highl.ight 
differences betw.een two items for 
the purp.ose of :inrs;pecti:On and/or 
err•or de•tectd•o•n. A pa·ir o-f X 7 bino­
cllllla·ns is included which enables 
vieWiing smaller detail. Phone 
Guernsey (0481) 37701. (9653 
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BRIGHTON POLYTECHNIC 

LEARNING RESOURCES 

VIDEO RECORDING & 
STUDIO ENGINEER 

. £4644-£5547 per annum 
To supervise work in newly equipped recor­
ding and editing area using state of the art 
techniques. including Plumbicon colour 
telecine and a wide range of VTRs- some to 
broadcast standard. Also to assist in the two 
adjoining studios, containing systems with 
Operational experience of sound and colour 
video systems (preferably in a broadcasting 
or educational institution) and an HNC or 
equivalent educational qualification are 
desirable. 

Application forms and further details from 
the Personnel Officer, Brighton Polytechnic. 
Moulsecombe, Brighton BN2 4AT. Tel: 
Brighton 693655 Ext. 2536. 

Closing date: 17 October, 1979. (9716) 

ELECTRONICS. We .are crea1tlng a 
new de.pt to pl"ovide a Ieas!ing ,ser­
V'ic·e f·or Pr:estel View-data, T'eletex.t 
and micl"!O-c:omputer.s. Good OtptpO>r· 
tunrity f,or keen young atPPllcants 
with technic;al and commercial 

_ abi•Lity. - Wdte only, sta·ting .age 
and d·etails O·f background and 
career, DRAZIN Ltd., 59 H.e:alth 
Street, Hampstead, N.W.3. (9660 

ARTICLES FOR SALE 

SPEAKER 
KITS 

Two great new kits from KEF - the Speaker 
Engineers respected by HiFi enthusiasts all 

over the world. 
One is based on the Model 1 04aB and the 
other on the larger, free standing Cantata. 

We'll give you helpful advice and full 
instructions. 

And you can hear how good the speakers are 
before you build. 

Nottingham 
Hi-Fi Centre 

1 56 Alfreton Road 
Nottingham 

·Tel: 0602 78691 9 

(9657) 

ANTIQUE MACHINES 
+ CURIOSITIES 

The world's first high quality glossy 
magazine devoted to mechanical and 
other collectables and curiosities of all 
types. Fifty-six page first issue out 
now price 95p including 16 pages in 
full colour · and the unique collectors 
card index . Obtainable from your 
newsagent or direct from AM +C, 3 
Heathcock Court, Strand WC2R OPA. · 
Telephone: 01-379 6025. 

(9357) 

ELECTRONIC IGNITION P . .C. boards 
(capacitor discharge) manufactures 
surplus, tested, less box £2.75 
each. - 01-643 6111, evenings. 

(9689 

HP608F AM laboratory signal 
generator, 10-450 MHz, calibrated, 
excellent condition, £420. - Tel. 
04555 43·56 (Leics.) (9682 

OSCILLOSCOPES - SOLARTRON 
CD1400 D/trace with £20 manual 
DtC-15 MHZ £125. Heathkit 10-18U 
professionally built 4.5 MHz £28. 
Both good condition. 39 Horsebrook 
Lane, Brewood, Staffs. Tel. 850 760. 

(9680 
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SiTUATIONS VACANT .. 

Hewlett-Packard Limited designs and manufactures electronic test and 
measuring instruments and systems for a world-wide telecommunications 
market. New projects now under way demonstrate considerable technical 
innovation in analogue and digital design, and many use microprocessors . 

As a result of continuing growth we now have vacancies for people qualified to 
Degree, H. N.C., or equivalent level and with at least one year's relevant 
experience; in the following positions: 

Product Support Engineers 
To work with our R & D teams and ensure that serviceability is designed into 
products currently under development, plan and implement service support 
programmes for new products, train service personnel and customers, and 
provide support and repair advice to our world-wide service organization. 

Technical Authors 
To work with our Product Support Engineers, and the R & D and Marketing 
teams, to produce high-quality Operating and Service manuals-coordinating 
the manuals through illustration and photography into print. 

The successful applicants will combine a good knowledge of analogue and 
digital techniques with the ability to get on well with people and communicate 
both the written and spoken word. 1 

We can offer attractive salaries, and the Company's conditions of employment 
are excellent-including profit sharing, bonus, stock purchase scheme, non­
contributory pension and life assurance plans, prolonged disability scheme 
and flexible working hours. 

Please write or telephone for an application form to: 

Liz Stenhouse, South Queensferry, 
EH309TG. Personnel Administrator, 

Hewlett-Packard Limited, Tel. 031-3311000. 

(~~~~m~o_RN_C_O~NS~UM_E_R_EL_~_TR_ON_IC~S[~JD~·~~) 
Advance Study Engineer 

Thorn Consumer Electronics Limited, leading manufacturers of television and 
audio equipment in the U.K. wish to appoint an experienced Engineer for their 
Advance Study Group situated in the Research and Engineering Centre at Enfield: 

The successful applicant will join a team investigating new ideas and systems 
including digital techniques and microprocessors as well as modern analogue · 
methods. 

He/she should preferably be under 35 years of age with a degree or H.N.C. or 
relevant experience, recent graduates wi II be considered. 

Please apply in writing to: 

The Personnel, Manager, (ASE/WW), 
Thorn Consumer Electronics Limited, 
Great Cambridge Road, Enfield, Middlesex EN1 1 UL 
or telephone 363 5353 extension 2201 for an application form. 

ARTICLES-FOR SALE -. 

(9699) 

LAB CLEARANCE: Signal Gener· 
ators· Bridges; W~veform, 
transistor anal~sers; cah~rators; 
standards; milhvoltmeters, d~na­
mometers· KW meters; oscillo­
scopes· recorders; Thermal, ~weep_ 
low distortion true RIMS, aud1o FR, 
deviation. Tel. 040-37&236. (8250 

------------------~~, ---- -----~.--------------------

XTAL FILTERS~ Cathodeo~ BP474~- tSOLAR CELLS: bits, books and 
00 25kHz channel spacmg, 9Ht-.. · bargains. Send stamp for list or 
ohms/26pf, 10. 7MHz ±7.5kHz pass -<&5p for Solar Cell booklet and 
t~~d. Brand new. £18.00 each plus Data sheets. Edencombe Ltd 34 

and_ post: Domshelcon Ltd., Nathans Road, North Wembley, 
S(0°9U6t2h 88

DriVe, Littleton, Wine. he.ster. Middlesex; HAO 3RX. (8061 
. - 0878). <9436 

Classified 
ARTICLES FOR SALE 

IC CONVERTER 

COOKBOOK 
· by W. G. Jung Price £8.90 

A SIMPLE GUIDE TO HOME 
COMPUTERS 
by S. Ditlea Price: £4.00 · 
MICROCOMPUTER-BASED 
DESIGN 
by J. B. Peatman Price £5.50 
INTRODUCING 
MICROPROCESSORS 

i by G. L. Simons Price £7.00 
, OPERATIONAL AMPLIFIERS 
2nd eel. 
by G. B. Clayton . Price £10.00 

RADIO HANDBOOK 21sted. 
by W . I. Orr Price £13.50 

'MICROCOMPUTER 
DEVELOPMENT SYSTEMS 8t 
SUBSYSTEMS 
by Motorola Set price £15.90 
9900 FAMILY SYSTEMS DESIGN 
8t DATA BOOK 

• by Texas Instruments . Price £8.40 
INTRODUCTION TO DIGITAL 
TECHNIQUES 
by D. I. Porat Price £13.85 
THE DESiGN 8t DRAFTING OF 
PRINTED CIRCUITS 
by D, Lindsey Price £1 9.50 

*ALL PRICES INCLUDE PQSTAG~ * 

THE MODERN BOOK CO.' 
Specialists in Scientific 

& Technical Books 

19-21 PRAED STREET 
LONDON W2 1 N~ 

Phone 7234185 

Closed ?at. 1 p.m. (8974) 

Akai Glass & X-Tal 
· Ferrite Head ' 
Model GX/650 D 

(unused) 

Bargain at £550 

Tel: DUBLIN 907 225 
(9655) 

TV TUBE REBUILDING 
Top quality professional plant and 
equipment, and leading consultan1s. 
For complete plant or upgrading, and 
for training and all supplies. 

WESTERN .WHYBROW 
ENGINEERING 

TEL.(0736)762265 

VALVES RADIO. - T.V.-Industrial­
Transmitting. We dispatch valves 
to all parts of the world by return 

·of post, air or sea mail, 4,000 types 
in stock 1930 to 1976. Obsolete 
types a speciality. Lfst SOp. Quota­
tion S.A.E. Open to callers Monday 
to Saturday 9.30 to 5.00. Cl•osed 
Wednesday 1.00. We wish to pur­
chase all types of new and boxed 
valves . Co.x Radio (Sussex) Ltd ., 
Dept WW, The Parade, East Witter­
ing, Sussex P020 SBN, West 
Witte ring 2o23 ( sTn code 024(:~J2 
PRINTED CIRCUITS. Make your 
own simply, cheapl~ and quic.k~y! 
Golden Fotolak Light Sensitlve 
Lacquer - now greatly improved 
and very much faster. Aerosol cans 
with full instructions.. £2.25. 
Developer 35p. Ferric Chloride 55p. 
Clear Acetate sheet for master 14p. 
Copper-clad Fibre-glass Board ap­
prox. 1mm thick. £1.70 sq. ft. Post/ 
packing 60p. White House Elec­
tronics, P.O. Box 19. Penzance, 
Cornwall. I 9681 
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MITSUBISHI ELECTRIC (U.K.) LTD 
a British subsidiary of one of the 

world's largest international 
corporations, will shortly commence 
manufacture of its range of television 
receivers in the ·U.K. 

Steady expansion has created the 
opportunity for one, or perhaps two 
First Class Service Engineers 
to join our modern, well-equipped 
Servi·ce Department at Watford. 

The work is interesting and varied, 
and covers the whole range of T.V., 
audio and video equipment, including 
the latest in large-screen colour 
projection T.V. 

To candidates of the right calibre 
the Company offers excellent 
employment prospects, including a 
salary up to £6,000 +, free life 
assurance and BUPA medical cover, a 
35 hour basic week and 3 weeks 
annual holiday, a Staff Pension 
Scheme and the usual benefits of a 
large and successful Company. 

Please telephone Nick Dosanjh, Service Manager, on Watford 40566. 

~MITSUBISHI ELECTRIC 

NORWICH 
HEALTH DISTRICT 

ELECTRONICS 
TECHNICIANS 
(Male or Female) 
Electronics technology is an integral part of medicine, being 
utilised extensively in both the diagnostic and therapeutic fields. 
Do you have the basic skills to enable you to adapt to this 
stimulating and rewarding area of electronics? 
We have vacancies for an Electronics Technician and a Senior 
Electronics Technician. Salaries will be £3,069-£4,134 and 
£3,744-£4,788 respectively, with an increase pending, which will be 
in the region of 15%. The posts are based at the West Norwich 
Hospital and Norfolk and Norwich Hospital, with responsibility 
for equipment in all Hospitals within the Norwich Health District. 
Application form and job description from Mr. F. D. Blackburn, 
District Works Officer, 201 Bowthorpe Road, Norwich. Telephone 
29717, extension 33. (9673) 

ARTICLES FOI!SALE 

9 UNIT 7 SEG MENT CALCULATOR 
DISPLAYS 45p. Teleprinter 54s 
£35, and 75s £30 . Spares etc. MKS, 
27 Upper Stone Street, Maidstone, 
Kent . 19442 

BACK ISSUES, 1971, 72 and 73,. £5 
the lot. - S.t . LeQnard's House, 
ASJhitree Cl.os•e, Wqrtingham, nr. 
Beccles, Suffolk. ·· (9651 

. ARTICLES FOR SALE 

MORSE CODE 
RECEIVING AND SENDING 

Receiving: 
CASSETTE A For Amateur Radio examination preparation. Speed slowly 
increasing from 1-1 2 w .p .m. 
CASSETTE B For Professional examination preparation . Computer produced 
morse from 12-24 w .p.m. including international procedure signs and symbols 
and their incorporation into messages. 

Sending: . 
Morse Key and Buzzer Unit for sending practice and own Tape preparation . 
Phone output. 

Prices: Each cassette, including booklets, £4 . 75 . 
Morse key and buzzer unit, £6 . 50. 

Prices include postage. etc. Overseas Airmail £1 .50 extra 

M.H.ELECTRONICS, 12 LONGSHORE WAY, MILTON, PORTSMOUTH 
P04 BLS . (9687) 

INVERTERS 
High quality DC-A C. ·Also . "no 
break'' (2ms) static switch, 
19" rack. Auto ~h.!!irlll~ar 

COMPUTER POWER 

lnterport Mains-Store Ltd. 
POB 51, London W11 3BZ 
Tel: 01-727 7042 or 0225 310916 

(9101) 

SPEAKER 
KITS 

T\\'o great Ill'\\' kits from KEF- the Speaker 
Engineers respected bv HiFi enthusiasts all 

over the \\'orld. 
One is b:Lst'd on the ~1odcl 10-laB and the 
other on the larger. fre<: standing Cant;1ta . 

\Vt''ll gin- you ht'lpful advice and full 
instructions . 

Ami you can heur ho\\' good the spt'akt'rs art' 
bdort' you build. 

Manins Electronic Centre 
85-87 Ber Street 
Norwich , Norfolk 
Tel. 0603 27010 

(9658) , . 
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SOWTER TRANSFORMERS 
WITH 37 YEARS' EXPERIENCE 

we have the expertise to design and manufacture 

ANY TYPE OF AUDIO TRANSFORMER 
AT THE RIGHT PRICE 

We supply all types of MICROPHONE TRANSFORMERS, BRIDGING TRANS­
FORMERS, INPUT TRANSFORMERS and LINE OUTPUT TRANSFORMERS for 

RECORDING, BROADCASTING and PUBLIC ADDRESS application. 
We call your anention to our vary succa88ful 

MICROPHONE 
SPLITTER COMBINER TRANSFORMER 

type 4079 
with a high impedance 200 ohm primary and two 200 ohm secondaries. It will handle 
up to 2.3 volta nns at 30Hz and has a frequency response of plus/minus 112dB from 
20Hz to 20kHz. It is contained in a Mumetal Can 33mm diem 1< 37mm high end 
WORKING DETAILS OF THE CONSTRUCTION OF A SPLITTER ARE AVAILABLE 

ON REQUEST. 
Wa have available standard designs of OUTPUT TRANSFORMERS with exceptional 

perfonnanca for ALL TYPES OF VALVE AMPLIFIERS. 
E. A. SOWTER LTD .• MANUFACTURERS AND DESIGNERS 

P.O. BOX 36, IPSWICH 0473 52794 and 21930 

MAPPI3Z 
e OPt:RATES THE Z80 AS A 40-BIT FLOATING POINT ARITHMETIC PROCESSOR WITH 

DECIMAL INPUT AND OUTPUT . . 
e LINKS THE ZBO REGISTERS TO FORM TWO 40-BIT FLOATING POINT REGISTERS AND 

A 16-BIT SYMBOL REGISTER . 
e IS USER PROGRAMMED BY 39 INSTRUCTIONS INCLUDING: ASCII dectmal 

interpret/input immediate and external address. ASCII dectmal output. loa~. read and 
write binary push. pop and exchange reqisters, ret. jump~, load, ~ead and wnte sv:mb~l. 
add, subt., mult .. div., square, sqrt., rectp., abs., neg ., sme, cosme, 1 n., log., extt wtth 

e ;;;~~~c{:'ci~~ ~~~:~Fc:g;·DIRECTL Y WITH ZBO MACHINE CODE. Use ZBO and MAPP 
object codas in the same programme! 

e IS RELOCATABLE SOFTWARE/FIRMWARE OCCUPYING 3K RAM/ROM . 
e IS SUPPLIED AS MANUAL AN[! DESCRIPTIVE LISTING (74 PAGES) WITH EITHER: 

(i) Naacom 1 format tape £12.80 plus £1.83 VAT 
or~') Three 2708 EPROM £45.00 plus £8.75 VAT 

,._include packing abd U.K. carriage. Please specify tape or EPROM as required and send 
dMque 01 P.O. to: 
... IITECH LTD., 32 Gildredge ROIId, Eatboume, E .. t su .. ex, BN21 4SH. C.W.O. 
Te (0123) 17012111her 4.30 p.m. 

(9719) 
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THE SCIENTIFIC WIRE 
COMPANY 

PO Box 30, London. E.4 

ENAMELLED COPPER WIRE 
SWG 11b. Boz. 4oz. zoz. 
10to 19 2.65 1 45 75 60 
20 to 29 2.85 1.65 .90 70 
30 to 34 3.05 1 .75 1 .00 75 
30 to 40 3.40 1 .95 1 . 1 5 84 
41to43 455 2 .55 1 .95 130 
44 10 46 5.05 3 .0 5 2.1 5 1 . 70 
47 8 .00 5 .00 3 .00 1 80 
48 ) 5 00 9 .00, 6.00 3 30 

SILVER PLATED COPPER 
WIRE 

14 & 16 
20 & 22 
24 & 26 
28 & 30 

4 50 2 .25 
5.00 2 .85 
5 70 3.31 
6 .67 3 86 

Prices Include P&P and VAT 

1 44 
1.74 
2.00 
2.35 

SAE brings list of copper & resistance Wires 

90 
106 
1 22 
1.44 

Dealer Enquiries Invited (90631 

fEST EQUIPMENT CLEARANCE, in­
clud.ing R.F. spe.ctrum analyser 10 
to 4300 MHz sweepers. Three GHz 
>ampling oscilloscope. Microwave 
miliwatt meter DC to 43 GHz. 
Microwave attenuator. New 30/50 
M:Hz oscilloscopes. Multi trace 
()SCilloscope displays. VHF Rx 30-
180 MHz AM/NB F.M. Transistor 
parameter test set, and many more 
lceys. All excellent condition. -
relephone for full list, Runfold 
)2518 2639 (Surrey) . (9700 

T.V. TUBE REBUILDING. Complete 
plant, equipment, supplies and 
training. If you can afford the 
beslt contact Wes.tern·Whybrow En· 
gineertng. Tel. 073 676 2265. (8048 

lliltl gou he•r •bout 
the electron/" 

engineer 
who IIIII$ bugged?._ 
JINJ CtllfiiHIII/a tl/d. 

Whether you want to change jobs or just stay in touch with the best 
opportunities, enrol with Lansdowne now. 

Were free. We're totally confidential. And we have contact with senior 
management in over 3,000 companies. Post this coupon today for our 

explanatory brochure and summary form. 
Lansdowne Appointments Register, Design House, The Mall, 

London WS SLS. Tel: 01-579 2282 (24 hour answering service). 

----~-------Our clients are keen to meet men and women, aged 20-24 years, with 
potential earnings of between £4000 and £8000 p.a. 

Name 

Address ----- -----------·------------------------

Classified 
EXCLUSIVE OFFER 

RACK MOUNTING CABINETS 
HIGHEST QUALITY 1 9" 

Ref Ht" width" Depth'' Price 
PE 10 21 13 £10.00 
LL10 54 21 18 £20.00 
n 64 25 26 £45.00 
SL 71 25 26 £50.00 
ST 85 22 24 £70.00 
Aacal cabinets for RA-1 7 I 11 7 £30.00 
Uniframe. single £30.00 
Uniframe. double £40.00 
Uniframe, triple £50.00 
Over 60 types available from 12" to 90" high. 
PJso twins, triples and consoles. Above are only a few 
types. Please send for. full list. 

AUDIO AND INSTRUMENTATION-TAPE 
RECORDER-REPRODUCERS 

* Ferrograph YO 2 track 14" 
* Ampex FR1300 UHER 4000 
* Consolidated 3300 14 track ·1" 
* Plessey 1033 Digi.tal Units. 7 track W' 
* Plessey M 5500 Dogital Unit . 7 tracks Y," 
* Amplex FR-1100. 6 speeds, stereo 14" 
* Amplex FR600. 4 speeds, 7 track \1," * O.A.J . AIM . 4 speeds. 4 tracks '4" UHER 4000 * MinicomCMP-100. 6 speeds, 7 tracks 'A", Va" , 1" 
* Ampex 351 2 speed 2 tracks 14" 
* 3M. H. 4 speeds 14 track 1" UH ER 4000 

Pric .. of above £70 to £500 
Also Transpon Decks only available 

We have a large quantity of "bits and pieces" we 
cannot list - ~)tease send us your requirements. We 
can probably help .;_ all enquiries answered. 

All our aerial eauiom.,t ill DfCifeallional MOD aualitv 
* Astrodata & lkor Meteorological Equipment 
* Iron Pump E.H.T . Power Supplies . .. .. . . £60.00 
* Heynes D.W. 500W Cased Transformers 240 f 1£\~oo 

* il;,;~l ·fili66 Aci~pt~,:. . £1 3o.oo * Racal MA 1350 Synthesizers . . . . . . . £125.00 
* G.03 Kalee Flutter Meters. Model 1 740 £90.00 
* Telequipment C. I. Oscilloscope Calibrators . £90.00 
*Tektronix 551 Scopes £270.00 
* Tektronix 555 Scopes £300.00 
* TeleonicVR2M Sweeps £250.00 
* Hell Schriebers RC.28 . £95.00 
* Lenkurt Data Sets £1 15.00 
* Panoramic SB 15A Analysers £1211.00 
* Aerial Multicouplers from £25.00 
* Flann Microwave Units from .. . £30.00 
* Marconi TF 1168 Disc Oscillators £120.00 
* Hughes Monoscopes £i 70.00. * Nems Clarke 1302 VHF Receivers £260.00 
* Nems Clarke Pan adaptor . £95,00 
*Telefunken Surveillance Receiver £175.00 
* Servomex 2t<:VA Auto Regulators £80.00 
* Helix Aerials .11" & 1 8" and Reflectors . . . EZ6.00 
* Textronix 543A Oscilloscopes CA £290.00 
* Textronix 545A Oscilloscopes D . . £Z75.00 
* T ""tronix 561 A Oscilloscopes 80 £285.00 
* Marconi TF 2 200A Oscilloscopes £260.00 * Solatron 1016 Oscilloscopes . . . . . . . . . .. £90.00 
Simon Mobi le 80 foot Tower Hydraulic Tower 80ft 

· extended, 12' 6" closed . Mounted on 4 wheel drive 
Bedford Truck . self levelling. raised and lowered in 1.0 
mtnutes. Used for servicing dish aerials. 

* Racal AA·l 7 P Receivers 1new) £950.00 
* R.C.A. AR-88 Receivers . . . . . . . . . . £80.00 
* Eddystand 7700 VHF Receivers (less turret coils) 

* D,ili~~ i<iNT 8 r,;,n~,;i;,~; R~~~i~~r~ 868. £1:.t~ 
* Roland RO 50A Oscilloscopes £Z30.00 

. * B & K 2407 Electronic Voltmeters . . . £160.00 
* Winston " 5" Band Spectrum Analysers . P.U.R. 
* Airmec 352 Swoop Generators 200 eye/ 2000Kcs 

* Ad;.;,;,;. T,;,n~i~to; T~si~rs TT ~ , ri . . . . .. £~!~:: 
* Marconi TF 329 Magnification Meters £140.00 
* Marconi TF 10668 FM Signal Generators . £425.00 
* Marconi TF 801 I Dl 1 AM Signal Generators £Z20.00 
*Ferranti 7.5KVa Auto Voltage Regulators £150.00 
* Manson TFM. 101 Multipliers £240.00 

. * Servomex 2kw Auto res~ulators . £130.00 
* 125ft. Lattice Masts. 26" sides . P.U.R. 
* 30ft. lattice Masts, 1 5" sides £1 15.00 
* 10ft Light lattice Sections, 6" sides £18.00 
* EMl \IJ'' Audio Tape 3600 FT Nab . . . . . . . . £4.50 
D .R .l. Model RC - 1 Professional Tape Recorder· 
Reproducers. 4 tracks Y4" 4 speeds. 1% 11

, 3%". 7'12 &-
15", 4 amplifiers Monitor Scope. All rack mounting & 
Transistorised £250.00 
* SE4 f2BC .R.T.s £18.00 
* SE5 f 2A C.A.T .s . .. . . £19.00 
* 3AZP f2 (DMN-9) C.R.T .s . . . . £19.00 . 
* Plessey 3 & 6 KCS S .S.B. filters . . . £14.00 
* AVO CT 471A Electronic Mu~imeters £75.00 * EMI R301 Tape Recorders . £50.00 
* Stonorette l Tape Recorders . . £Z9.00 
* Uniselectors. 10 Bank 2 5.way . . . . . . . . . . £3 .50 
* 40ft. Sectional Aluminium Masts, oomplete £55.00 
* Multi-purpose Trolleys with Jacks 19 x 17 . £16.00 
*Advance 3t<:VACVTransformers . . . . . . £150.00 
* Metal V.D.U. Tables 30" x 36" x 30" · £24.00 

MANUALS 
We have a quantity of Technical Manuals of 
Electronic Equipment , not photostats. 1940 to 
19~0 . British and American . No lists . EnQuiries 
inVIted . 

* Data Efficiency Respoolers 240v . . . . . . £28.00 
* Belling Lee 100 Amp Interference Filters £76.00 
* Oscilloscope Trolleys from . . £18.00 
* Racal MA 19 78 pre-Selectors . . £85.00 
* Rack Mounting Operator Tables . £10.00 
* 75ft . Aluminium Lattice Masts, 20" s ides . £400.00 
* Racal MA-175l.S .B. Modulators (new) . . . £45.00 
* Tally 58 Track Tape Readers Track Spooling £65.00 
* Racal RA-63 SSB Adaptors, new . . . . . . £70.00 
* Racal RA 298 l.S.B. Transistorised Conveners (new) 

£120.00 

We have a varied assortment of industrial and 
professional Cathode Ray Tubes available. List on 
request . 

PLEASE ADD CARRIAGE AND Y.A.T. 

P. HARRIS 
ORGANFORD,DORSET,BH166BR 

BOURNEMOUTH (0202) 765051 

(8981\ 
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SITUATIONS VACANT 
-- --- " 

MITSUBISHI ELECTRIC (U.K.) LTD 
a British subsidiary of one of the 

world's largest international 
corporations, will shortly commence 
manufacture of its range of television 
receivers in the ·U.K. 

Steady expansion has created the 
opportunity for one, or perhaps two 
First Class Service Engineers 
to join our modern, well-equipped 
Servi·ce Department at Watford. 

The work is interesting and varied, 
and covers the whole range of T.V., 
audio and video equipment, including 
the latest in large-screen colour 
projection T.V. 

To candidates of the right calibre 
the Company offers excellent 
employment prospects, including a 
salary up to £6,000 +, free life 
assurance and BUPA medical cover, a 
35 hour basic week and 3 weeks 
annual holiday, a Staff Pension 
Scheme and the usual benefits of a 
large and successful Company. 

Please telephone Nick Dosanjh, Service Manager, on Watford 40566. 

~MITSUBISHI ELECTRIC 

NORWICH 
HEALTH DISTRICT 

ELECTRONICS 
TECHNICIANS 
(Male or Female) 
Electronics technology is an integral part of medicine, being 
utilised extensively in both the diagnostic and therapeutic fields. 
Do you have the basic skills to enable you to adapt to this 
stimulating and rewarding area of electronics? 
We have vacancies for an Electronics Technician and a Senior 
Electronics Technician. Salaries will be £3,069-£4,134 and 
£3,744-£4,788 respectively, with an increase pending, which will be 
in the region of 15%. The posts are based at the West Norwich 
Hospital and Norfolk and Norwich Hospital, with responsibility 
for equipment in all Hospitals within the Norwich Health District. 
Application form and job description from Mr. F. D. Blackburn, 
District Works Officer, 201 Bowthorpe Road, Norwich. Telephone 
29717, extension 33. (9673) 

ARTICLES FOI!SALE 

9 UNIT 7 SEG MENT CALCULATOR 
DISPLAYS 45p. Teleprinter 54s 
£35, and 75s £30 . Spares etc. MKS, 
27 Upper Stone Street, Maidstone, 
Kent . 19442 

BACK ISSUES, 1971, 72 and 73,. £5 
the lot. - S.t . LeQnard's House, 
ASJhitree Cl.os•e, Wqrtingham, nr. 
Beccles, Suffolk. ·· (9651 

. ARTICLES FOR SALE 

MORSE CODE 
RECEIVING AND SENDING 

Receiving: 
CASSETTE A For Amateur Radio examination preparation. Speed slowly 
increasing from 1-1 2 w .p .m. 
CASSETTE B For Professional examination preparation . Computer produced 
morse from 12-24 w .p.m. including international procedure signs and symbols 
and their incorporation into messages. 

Sending: . 
Morse Key and Buzzer Unit for sending practice and own Tape preparation . 
Phone output. 

Prices: Each cassette, including booklets, £4 . 75 . 
Morse key and buzzer unit, £6 . 50. 

Prices include postage. etc. Overseas Airmail £1 .50 extra 

M.H.ELECTRONICS, 12 LONGSHORE WAY, MILTON, PORTSMOUTH 
P04 BLS . (9687) 

INVERTERS 
High quality DC-A C. ·Also . "no 
break'' (2ms) static switch, 
19" rack. Auto ~h.!!irlll~ar 

COMPUTER POWER 

lnterport Mains-Store Ltd. 
POB 51, London W11 3BZ 
Tel: 01-727 7042 or 0225 310916 

(9101) 

SPEAKER 
KITS 

T\\'o great Ill'\\' kits from KEF- the Speaker 
Engineers respected bv HiFi enthusiasts all 

over the \\'orld. 
One is b:Lst'd on the ~1odcl 10-laB and the 
other on the larger. fre<: standing Cant;1ta . 

\Vt''ll gin- you ht'lpful advice and full 
instructions . 

Ami you can heur ho\\' good the spt'akt'rs art' 
bdort' you build. 

Manins Electronic Centre 
85-87 Ber Street 
Norwich , Norfolk 
Tel. 0603 27010 

(9658) , . 
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SOWTER TRANSFORMERS 
WITH 37 YEARS' EXPERIENCE 

we have the expertise to design and manufacture 

ANY TYPE OF AUDIO TRANSFORMER 
AT THE RIGHT PRICE 

We supply all types of MICROPHONE TRANSFORMERS, BRIDGING TRANS­
FORMERS, INPUT TRANSFORMERS and LINE OUTPUT TRANSFORMERS for 

RECORDING, BROADCASTING and PUBLIC ADDRESS application. 
We call your anention to our vary succa88ful 

MICROPHONE 
SPLITTER COMBINER TRANSFORMER 

type 4079 
with a high impedance 200 ohm primary and two 200 ohm secondaries. It will handle 
up to 2.3 volta nns at 30Hz and has a frequency response of plus/minus 112dB from 
20Hz to 20kHz. It is contained in a Mumetal Can 33mm diem 1< 37mm high end 
WORKING DETAILS OF THE CONSTRUCTION OF A SPLITTER ARE AVAILABLE 

ON REQUEST. 
Wa have available standard designs of OUTPUT TRANSFORMERS with exceptional 

perfonnanca for ALL TYPES OF VALVE AMPLIFIERS. 
E. A. SOWTER LTD .• MANUFACTURERS AND DESIGNERS 

P.O. BOX 36, IPSWICH 0473 52794 and 21930 

MAPPI3Z 
e OPt:RATES THE Z80 AS A 40-BIT FLOATING POINT ARITHMETIC PROCESSOR WITH 

DECIMAL INPUT AND OUTPUT . . 
e LINKS THE ZBO REGISTERS TO FORM TWO 40-BIT FLOATING POINT REGISTERS AND 

A 16-BIT SYMBOL REGISTER . 
e IS USER PROGRAMMED BY 39 INSTRUCTIONS INCLUDING: ASCII dectmal 

interpret/input immediate and external address. ASCII dectmal output. loa~. read and 
write binary push. pop and exchange reqisters, ret. jump~, load, ~ead and wnte sv:mb~l. 
add, subt., mult .. div., square, sqrt., rectp., abs., neg ., sme, cosme, 1 n., log., extt wtth 

e ;;;~~~c{:'ci~~ ~~~:~Fc:g;·DIRECTL Y WITH ZBO MACHINE CODE. Use ZBO and MAPP 
object codas in the same programme! 

e IS RELOCATABLE SOFTWARE/FIRMWARE OCCUPYING 3K RAM/ROM . 
e IS SUPPLIED AS MANUAL AN[! DESCRIPTIVE LISTING (74 PAGES) WITH EITHER: 

(i) Naacom 1 format tape £12.80 plus £1.83 VAT 
or~') Three 2708 EPROM £45.00 plus £8.75 VAT 

,._include packing abd U.K. carriage. Please specify tape or EPROM as required and send 
dMque 01 P.O. to: 
... IITECH LTD., 32 Gildredge ROIId, Eatboume, E .. t su .. ex, BN21 4SH. C.W.O. 
Te (0123) 17012111her 4.30 p.m. 

(9719) 
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THE SCIENTIFIC WIRE 
COMPANY 

PO Box 30, London. E.4 

ENAMELLED COPPER WIRE 
SWG 11b. Boz. 4oz. zoz. 
10to 19 2.65 1 45 75 60 
20 to 29 2.85 1.65 .90 70 
30 to 34 3.05 1 .75 1 .00 75 
30 to 40 3.40 1 .95 1 . 1 5 84 
41to43 455 2 .55 1 .95 130 
44 10 46 5.05 3 .0 5 2.1 5 1 . 70 
47 8 .00 5 .00 3 .00 1 80 
48 ) 5 00 9 .00, 6.00 3 30 

SILVER PLATED COPPER 
WIRE 

14 & 16 
20 & 22 
24 & 26 
28 & 30 

4 50 2 .25 
5.00 2 .85 
5 70 3.31 
6 .67 3 86 

Prices Include P&P and VAT 

1 44 
1.74 
2.00 
2.35 

SAE brings list of copper & resistance Wires 

90 
106 
1 22 
1.44 

Dealer Enquiries Invited (90631 

fEST EQUIPMENT CLEARANCE, in­
clud.ing R.F. spe.ctrum analyser 10 
to 4300 MHz sweepers. Three GHz 
>ampling oscilloscope. Microwave 
miliwatt meter DC to 43 GHz. 
Microwave attenuator. New 30/50 
M:Hz oscilloscopes. Multi trace 
()SCilloscope displays. VHF Rx 30-
180 MHz AM/NB F.M. Transistor 
parameter test set, and many more 
lceys. All excellent condition. -
relephone for full list, Runfold 
)2518 2639 (Surrey) . (9700 

T.V. TUBE REBUILDING. Complete 
plant, equipment, supplies and 
training. If you can afford the 
beslt contact Wes.tern·Whybrow En· 
gineertng. Tel. 073 676 2265. (8048 

lliltl gou he•r •bout 
the electron/" 

engineer 
who IIIII$ bugged?._ 
JINJ CtllfiiHIII/a tl/d. 

Whether you want to change jobs or just stay in touch with the best 
opportunities, enrol with Lansdowne now. 

Were free. We're totally confidential. And we have contact with senior 
management in over 3,000 companies. Post this coupon today for our 

explanatory brochure and summary form. 
Lansdowne Appointments Register, Design House, The Mall, 

London WS SLS. Tel: 01-579 2282 (24 hour answering service). 

----~-------Our clients are keen to meet men and women, aged 20-24 years, with 
potential earnings of between £4000 and £8000 p.a. 

Name 

Address ----- -----------·------------------------

Classified 
EXCLUSIVE OFFER 

RACK MOUNTING CABINETS 
HIGHEST QUALITY 1 9" 

Ref Ht" width" Depth'' Price 
PE 10 21 13 £10.00 
LL10 54 21 18 £20.00 
n 64 25 26 £45.00 
SL 71 25 26 £50.00 
ST 85 22 24 £70.00 
Aacal cabinets for RA-1 7 I 11 7 £30.00 
Uniframe. single £30.00 
Uniframe. double £40.00 
Uniframe, triple £50.00 
Over 60 types available from 12" to 90" high. 
PJso twins, triples and consoles. Above are only a few 
types. Please send for. full list. 

AUDIO AND INSTRUMENTATION-TAPE 
RECORDER-REPRODUCERS 

* Ferrograph YO 2 track 14" 
* Ampex FR1300 UHER 4000 
* Consolidated 3300 14 track ·1" 
* Plessey 1033 Digi.tal Units. 7 track W' 
* Plessey M 5500 Dogital Unit . 7 tracks Y," 
* Amplex FR-1100. 6 speeds, stereo 14" 
* Amplex FR600. 4 speeds, 7 track \1," * O.A.J . AIM . 4 speeds. 4 tracks '4" UHER 4000 * MinicomCMP-100. 6 speeds, 7 tracks 'A", Va" , 1" 
* Ampex 351 2 speed 2 tracks 14" 
* 3M. H. 4 speeds 14 track 1" UH ER 4000 

Pric .. of above £70 to £500 
Also Transpon Decks only available 

We have a large quantity of "bits and pieces" we 
cannot list - ~)tease send us your requirements. We 
can probably help .;_ all enquiries answered. 

All our aerial eauiom.,t ill DfCifeallional MOD aualitv 
* Astrodata & lkor Meteorological Equipment 
* Iron Pump E.H.T . Power Supplies . .. .. . . £60.00 
* Heynes D.W. 500W Cased Transformers 240 f 1£\~oo 

* il;,;~l ·fili66 Aci~pt~,:. . £1 3o.oo * Racal MA 1350 Synthesizers . . . . . . . £125.00 
* G.03 Kalee Flutter Meters. Model 1 740 £90.00 
* Telequipment C. I. Oscilloscope Calibrators . £90.00 
*Tektronix 551 Scopes £270.00 
* Tektronix 555 Scopes £300.00 
* TeleonicVR2M Sweeps £250.00 
* Hell Schriebers RC.28 . £95.00 
* Lenkurt Data Sets £1 15.00 
* Panoramic SB 15A Analysers £1211.00 
* Aerial Multicouplers from £25.00 
* Flann Microwave Units from .. . £30.00 
* Marconi TF 1168 Disc Oscillators £120.00 
* Hughes Monoscopes £i 70.00. * Nems Clarke 1302 VHF Receivers £260.00 
* Nems Clarke Pan adaptor . £95,00 
*Telefunken Surveillance Receiver £175.00 
* Servomex 2t<:VA Auto Regulators £80.00 
* Helix Aerials .11" & 1 8" and Reflectors . . . EZ6.00 
* Textronix 543A Oscilloscopes CA £290.00 
* Textronix 545A Oscilloscopes D . . £Z75.00 
* T ""tronix 561 A Oscilloscopes 80 £285.00 
* Marconi TF 2 200A Oscilloscopes £260.00 * Solatron 1016 Oscilloscopes . . . . . . . . . .. £90.00 
Simon Mobi le 80 foot Tower Hydraulic Tower 80ft 

· extended, 12' 6" closed . Mounted on 4 wheel drive 
Bedford Truck . self levelling. raised and lowered in 1.0 
mtnutes. Used for servicing dish aerials. 

* Racal AA·l 7 P Receivers 1new) £950.00 
* R.C.A. AR-88 Receivers . . . . . . . . . . £80.00 
* Eddystand 7700 VHF Receivers (less turret coils) 

* D,ili~~ i<iNT 8 r,;,n~,;i;,~; R~~~i~~r~ 868. £1:.t~ 
* Roland RO 50A Oscilloscopes £Z30.00 

. * B & K 2407 Electronic Voltmeters . . . £160.00 
* Winston " 5" Band Spectrum Analysers . P.U.R. 
* Airmec 352 Swoop Generators 200 eye/ 2000Kcs 

* Ad;.;,;,;. T,;,n~i~to; T~si~rs TT ~ , ri . . . . .. £~!~:: 
* Marconi TF 329 Magnification Meters £140.00 
* Marconi TF 10668 FM Signal Generators . £425.00 
* Marconi TF 801 I Dl 1 AM Signal Generators £Z20.00 
*Ferranti 7.5KVa Auto Voltage Regulators £150.00 
* Manson TFM. 101 Multipliers £240.00 

. * Servomex 2kw Auto res~ulators . £130.00 
* 125ft. Lattice Masts. 26" sides . P.U.R. 
* 30ft. lattice Masts, 1 5" sides £1 15.00 
* 10ft Light lattice Sections, 6" sides £18.00 
* EMl \IJ'' Audio Tape 3600 FT Nab . . . . . . . . £4.50 
D .R .l. Model RC - 1 Professional Tape Recorder· 
Reproducers. 4 tracks Y4" 4 speeds. 1% 11

, 3%". 7'12 &-
15", 4 amplifiers Monitor Scope. All rack mounting & 
Transistorised £250.00 
* SE4 f2BC .R.T.s £18.00 
* SE5 f 2A C.A.T .s . .. . . £19.00 
* 3AZP f2 (DMN-9) C.R.T .s . . . . £19.00 . 
* Plessey 3 & 6 KCS S .S.B. filters . . . £14.00 
* AVO CT 471A Electronic Mu~imeters £75.00 * EMI R301 Tape Recorders . £50.00 
* Stonorette l Tape Recorders . . £Z9.00 
* Uniselectors. 10 Bank 2 5.way . . . . . . . . . . £3 .50 
* 40ft. Sectional Aluminium Masts, oomplete £55.00 
* Multi-purpose Trolleys with Jacks 19 x 17 . £16.00 
*Advance 3t<:VACVTransformers . . . . . . £150.00 
* Metal V.D.U. Tables 30" x 36" x 30" · £24.00 

MANUALS 
We have a quantity of Technical Manuals of 
Electronic Equipment , not photostats. 1940 to 
19~0 . British and American . No lists . EnQuiries 
inVIted . 

* Data Efficiency Respoolers 240v . . . . . . £28.00 
* Belling Lee 100 Amp Interference Filters £76.00 
* Oscilloscope Trolleys from . . £18.00 
* Racal MA 19 78 pre-Selectors . . £85.00 
* Rack Mounting Operator Tables . £10.00 
* 75ft . Aluminium Lattice Masts, 20" s ides . £400.00 
* Racal MA-175l.S .B. Modulators (new) . . . £45.00 
* Tally 58 Track Tape Readers Track Spooling £65.00 
* Racal RA-63 SSB Adaptors, new . . . . . . £70.00 
* Racal RA 298 l.S.B. Transistorised Conveners (new) 

£120.00 

We have a varied assortment of industrial and 
professional Cathode Ray Tubes available. List on 
request . 

PLEASE ADD CARRIAGE AND Y.A.T. 

P. HARRIS 
ORGANFORD,DORSET,BH166BR 

BOURNEMOUTH (0202) 765051 

(8981\ 
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·· .. . ~~~· 
esa~ 

european space agency 

RESEARCH ASSISTANT 

FOR ASTRONOMY 

AND SPACE SCIENCE 
The Astronomy Division of the Space Science Department,· 
ESTEC, Noordwijk, Holland, wishes to recruit an experienced 
assistant for its research projects in millimetre radioastronomy. 
The present work primarily involves the design, fabrication and 
testing of advanced experimental quasi-optical systems for 
operation at frequencies from 600 GHz down to 200 GHz, 
with associated IF electronics, large filter banks, and backward 
wave local oscillators. The work will primarily be carried out at 
the laboratories in ESTEC but it will also involve occasional 
participation in observing campaigns at ground based obser­
vatories and in aircraft. Future work will involve also par­
ticipation in the design and development of advanced elec­
tronic and electro-mechanical systems for space astronomy. 
Candidates must have an education to HNC level in electronics 
and several years' experience in designing and fabricating 
analogue and digital electronics, preferably in a research 
environment. 

(9705) 

ARTICLES FOR SALE 

TO MANUFACTURERS, WHOlESALERS & 
BULK BUYERS ONLY 

Large quantities of Radio, T.V. and Electronic Compinents. 
RESISTORS CARBON 8r. C/F Vs, 1.4, Y2, YJ . 1 Watt from 1 ohm to 
10 meg . 
RESISTORS WIREWOUND. 1 Y2, 2, 3, 5, 10, 14, 25 Watt. 
CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, 

.Metalamite, C280, etc . 
Convergence Pots, Slider Pots, Electrolytic condensors, Can Types, 
Axial, Radial, etc . 
Transformers, chokes, hopts, tuners, speakers, cables, screened wires, 
connecting wires, screws, nuts, transistors, ICs, Diodes, etc., etc. 
All at Knockout prices. Come and pay us a visit . Telephon~ 445 2713, 
445 0749 . 

BROADF-IELDS 8r. MAYCO DISPOSAlS 
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho Corner 19461 

TRANSFORMER 
PROBLEMS? 

1VA-1 KVA Prototypes in 7-10 days . 
Phone Vince Sellar on 0607 6-
66716. 
TRENT TRANSFORMERS LTD. 

26 Derby Road · 
Long Eaton, Nottingham (8363) 

}'ii·!ii 1 a,,, 1M, ew,! 4 ·~ 

A. R. Sinclair 
Electronic Stockholders 

Stevenage 812193 

We purchase all types of 
Mechanical and Electronic 
Equipment and Surplus stocks. ; t 

\ (9206);_ 

ELECTRONIC' COMPONENTS 
IN WEST GLAMORGAN 

BLUEBIRD ELECTRONICS 
72 CRYMLYN ROAD 

SKEWEN, NEATH 
TELEPHONE SKEWEN 812103 

Electronic Components available mail 
order or in the evenings 5 pm to 7 pm 
and at weekends: Sat., 9 am to 5 pm 
and Sun., 10 am to 1 pm . 
Send S.a.e. for catalogue or call in 
and see us. · 

(9618) 

COURSES 

COURSE IN ELECTRONICS by cor­
respondence. For free brochure, 
write to, The Dataspec Program, 
P.O. Box 23, Succ Laval West, 
Laval, Quebec, Canada H7R·5B7. 

WIRELESS WORLD, OCTOBER 1979 

ARTICLES FOR SALE 

Videobrokers is a new division of C.W. Cameron Ltd 
formed after many years of buying, selling and acting 
as agents for used, ex-demo equipment or redundant 
stock lines. The activity is operated on a worldwide 
basis with an increasing mailing list of over 20,000 
buyers/sellers. If you yvish your name to be placed on 
the list, drop us a line. · 

Extract of our current equipment list-

BROAD,CAST EQUIPMENT­
Used section 
RCA TR600uad PAL/625 VTR Code 502 Oty 3 
RCA TR70Quad PAL/625 VTR Code 505 Oty 2 
RCA TR71 Quad PAL/625VTR Code 507 Oty 1 
RCA TR6000uad PAL/625 VTR Code 508 Oty 4 
AMPEXAVR 20uadPAL/625VTR Code 5120ty5 
RankMk II Flying spot 16mm TelecineCode 517 Oty 1 
Rank Photoconductive 16mm TelecineCode 518 Oty 2 
RCA TK28 16mm Telecine (new) Code 520 Oty 1 

VIDEO -VARIOUS EQUIPMENT 
-New/Used 
Hitachi FP 1020 ENG colour camera Code 61 OOty 2 
IVC 501 A Studio colour camera Code 611 Oty 2 
IVC 93 TK colour camera Code 612 Oty 10 
Please contact our Videobrokers Department for 
complete l ist or further details of the above. 

C.W. CAMERON LTD.(Est. 1946) 
Burnfield RoadGiffnockGiasgowG46 7TH 
Tel. 04·1 -633 0077 Telex 779469 

COMPLETE BOUND S.ETS of maga· 
zines, up to June '79 or later: 
Radio & Electronics Constructor, 
from 1956; Practical Wireless, from 
l969; Everyday Electronics, from 
l971 (first. issue); various comput­
ing magazines, from '78 (ditto). 
Nearly complete: Practical Elec­
tronics, from 1964 (complete from 
'67); Electronics Today Inter· 
national, from 1972 (complete from 
'74); Elektor, from 197·4 (3 miss· 
ing). Several Television, 1977·79. 
Hobby Electronics, Nov. '78-May 
'79. 3 vol. magazine course 1976, 
"·Ele,ctr~nics - It's Easy". Offers 
to Paterson, ,craigside Cottage, 
Leckbampton Hill, Cheltenham 
GL53 9QH. (9708 

For Sale: 

Staff Location 
System 

4 (NO) Transmitters 
1 (NO) Control Unit 

30 (NO) Personal Receivers 

NB: A GPO licence is required 
before the equipment can b.e 
operated in this country. 

Offers invited. ,, 
Tenders obtainable from British 
Rail, Director of Supply, Railway 
Technical Centre, London Road, 
Derby. Reference: 53/230/ 
232T /096. 

(9684) . .. 

96 

G.W.M. RADIO LTD, 40/42 Portland 
Road, Worthing, Sussex. Tel. 0903 
34897 for g·overnment and factory 
surplus se.cond user and s/h equip­
ment. Radio telephones for sale and 
wanted ln large or small lots. 
Atalanta Marine Communication 
Receivers £115 plus carriage at 
cost. Avometers model 7 £31. Model 
8 £43 inc. sound powered tele­
phones with intrinsically safe cir­
cuits, unused. 40ft pneumatic masts 
by Scam Clark £32·1, in original 
unopened maker's box gross weight 
4 cwt. Many one off items in stock. 
No lists, we are worth a visit. 

1COURSES 

BRUNEL UNIVERSITY 
DEPT. OF ELECTRICAL 
ENGINEERING 8r. 
ELECTRONICS 

S.R.C. Collaborativ~ 
Training Award 
INDUSTRIAL 
ROBOTICS 

(9152) 

The one-year award is ava-ilable 
on a joint project between a 
manufacturing company and 
Brunei University on the deve­
lopment of a self-steering 
machine. 

For further information please 
write to: 
I. ALEKSANDER 
Professor of Electronics 
Brunei University 
Uxbridge, Middx. UB8 3PH 
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ARTICLES FOR SALE 

COLOUR, UHF AHD TV SPARES 
(miniature size 4! x 3t x 21). New 
saw Fllter IF Amplifier plus tuner 
(complete and tested for sound and 
vision, £28.50, p/p £1. . 
TELE'l'EXT Ceefax and Oracle m 
Colour, Manor Supplie~ ·: easy. to 
assemble ''. Teletext kit mcludmg 
Texas Tifax XMll Decoder. External 
unit aerial input, no other con!l~c­
tions to set. Wide range of facilities 
in colour include 7-cbannel selec­
tion, Mix, Newsftash and Update. 
(Price: Texas Tifax XMll .£130, 
Auxiliary Units £88, Case £14.80. 
p/p £2.50). Demonstration model at 
172 West End , Lane, NW6. Also 
latest Mullard Teletext 610LVM 
module available. Call, phone or 
write for further information. 
COMBINED COLOUR BAR AND 
CROSS HATCH GENERATOR KIT 
(MK 4) UHF aerial input type. 
Eight pal vertical colour bars, R-Y, 
B-Y, Grey scale etc. Push-button 
controls £35 p/'P £1; Battery Hold· 
ers £L50; Alternative Ma·ins Supply 
Kit £4.8{); De Luxe Case £4.80; 
Aluminium Case £2.60. Built and 
tested (battery) in De Luxe Case 
£58, p/p £1.20. j • • 
CROSS HATCH KIT, UHF aenal m­
put type, also gives peak white and 
black levels, battery operated £1~ 
p/p 45p. Add·on Grey scale k1t 
£2.90 p/p 35p; De Luxe Case 
£4.80; Aluminium Ca~e £2 p/p 
85p. Built and tested m De Luxe 
Case £23.80 p/p £1.20. 
UHlt' SIGNAL STRENGTH METER 
KIT £16.80, alum. Case £1.50, De 
Luxe Ca:se £4.80 p/p £1. 
CR'l' TEST AND REACTIVATOR KIT 
ror Oolour and Mono £20.80, p/p 
£1.30; TV 625 IF Unit for Hi-fi amps 
or tape rec. £6.80, p/p 75p. ~urplus 
Bush IF panels. A816 £2.80, TV312 
(single IC) £5. BC5600 (Exp) £5, 
A823 (Exp) £2.80 p/p 85p. Bush 
A823 (A807) Decoder panel £7.50 
p/p £1. A823 Scan Control l>anel 
£3.50, blue lat, 75p. Philips ~6 smgle 
standard convergence umt £3.75 
p/p 90p. GEC 2040 ex rental panels, 
Decoder £5, Time Base £5 p/p. 90p. 
Thorn 3000 ex rental panels, VIdeo, 
Decoder, frame, IF £5 p/p 90p. 
Colour Scan coils, Plessey £6, Yoke 
£3 50 blue lat, 76p (Mullard also 
av"an'able). Mono Scan coils Philips/ 
Pye £2.80. Thorn £2.80 p/p 85p. 
Philips G8 Decoder panels, salv'!-ged 
for spares .£3.80 p/p 90p. Var1cap 
UHF tuners Gen Instruments £3.50, 
ELC 1043 £4.50, ELC1043/05 £5.50; 
Philips G8 £5.50 p/p 35p. Salvaged 
UHF Varicap tuners £1.50 p/p 35p. 
UHF/VHF ELC2000S Varicap tuner 
£8.50 p/p 65p. Varicap control units, 
3 pos. £1.20, 4 pos. £1.50, 5 pos. 
£1.80, 6 pos. (special offer) £1.80, 
7 pas. £3.80 p/p 45p. Touch Tune 
control unit Bush 6 pos. £5 p/p 
75p. UHF transtd . tuners, rotary 
incl. slow motion drive £2.50, 4 pos. 
push button £2.50, 6 pos. push but· 
ton £4.20 p/p £1. (Thor~e, GEC, 
Bush, Decca, etc., special types 
available, details on request). Delay 
Lines DL20, DL5 £3.50, DL1 SOp PIP 
65p. Remote Control Thor!l-type . 
Transmitter, receiver £2 pair P/P 
45p. Large selection of lopts, tnp­
lers mains droppers, and other 
spa~es for popular makes of colour 
and mono receivers. 
MANOR SUPPLIES, 172 WEST END 
LANE WEST HAMPSTEAD, LON· 
DON ' NW6, SHOP PREMISES, 
EASILY ACCESSIBLE, WEST HAMP· 
STEAD·BAKERLOO, JUBILEE TUBE, 
and BRITISH RAIL N. LONDON 
(RICHMOND-BROAD ST.) and ST. 
PANCRAS-BEDFORD. BUSES 28, 
159, 2, 13. Callers welcome. Thou­
sands of additional items available 
at shop premises not normally ~d­
vertised. Open daily all week m­
cluding Saturday (Thursday half· 
day). MAIL ORDER: 64 GOLDERS 
MANOR DRIVE, LONDON NW11 
9HT. Tel. 01-794 8751. 

ALL PRICES 15% VAT 

ARTICLES WANTED 

CAM TIMERS 08+ cams/micro 
switches) and plastic cased relays, 
all UOV AC operation, wanted. 
Please quote for quantity and send 
sample. Millermatic, 32 High Street, 
Wymlngton, Rushden 59189. (9422 

W.W. BACK ISSUES r:equired. Feb 
and May '78. Good pnces and P&P 
paid. Please contact:_ G. P. Church, 

. 16 Brocklehurst Dnve, Prestbury, 
Cheshire. SK10 4JD. < 9694 

ELECTRONIC 
TEST EQUIPMENT 
SAtES PURCHASES 

AND SERVICE 

Tek. 526 Vectroscope £395 
Tek. 105 Generator .... , . . . . £60 
Tek. 109 Generator . . £100 
Tek. 575 Curve Tracer £100 
Tek . 530 and540 Mainframes from £75 
Feedback TWG 504 Function Gen. . £80 
Marconi TF 801 D/1 Generator . .. £195 
TF 2410-1 20 MHZ Counter . £120 
Marconi TF 1020 A Powermeter . . . £55 
Marconi TF 995 A/ 2 AM I FM Sig. Gen 

. . £150 
Ma.rc~n·i TF 1073 A Attenuator . £60 
Marconi TF 2091/2902 Noise System . 

. .. . . . . .. ... ............ £300 
HP51021MHZsynthesizer . .... £250 
HP 2508 RX Meter . .. ....... . £200 
R & S SLDR High Power Sig. Gen. £1000 
Compariscope . .... . , . ... .... £495 
B & K 2005 Hetero Dine Volt Meter £125 
Telequipment D52 10 MHZ Scope £150 
c9sser CDU 150 35 MHZ Scope _ £350 
Taylor 128 Meter . . . . . . . £20 
Avometer Model 8 and 9 . .... · · . £50 
Avometer Model7 and 12. From ... £30 
Ampex VR 5003 Video Tape Recorder t:Z:Z

5 
Lab Gear C~lour Bar Gen . ~. . . £95 
Kortmg Colour TV Semcmg Gen. £150 
HP5263A Tome Interval Unot .... £45 
Belix 5v 1 4A PSU Modules, new £22.50 
Magnetic AB S41 OA 2 I :4 GHz AM Sig£~~O 

ASC11 K~yb~~;d~ £20 
Bradley 1268 DC Calibrator ..... £125 

:Airmec 858 30 MHZ Oscillator £25 

DUTCHGATE LTD. 
Pyle Hill, Winchester Rd. 

Fair Oak, Hampshire 
Fair Oak 5252 

19486) 

ARTICLES WANTED 

WANTED 
All your gold washed scrap. Plugs, sockets, 
edge connectors, P.C. boards, pins, etc. . 

We collect and pay cash fof any amount from ' 
1cwt. 
~inimum price £1 00-£200 per cwt. 
f'. $kellam M&tala, The Iron Yard (E1Jt,_ ~ 
1935), Cutlers Green," Thaxted, .:Ssex 
CM19 2PL. Telephone: Thaxted 830 
862. 

SPOT CASH 
paid for all forms of electronics equip­
ment and components. 

F.R.G. General Supplies 
550 Kingst~n Road 
London SW20 BDR 

Tel: 01-404 5011 
Telex: 24224. Quote Ref. 3165 · 

(8742) 

TELEQUIPMENT MINOR OSCILLO· 
SCOPE. Between 1 and 5 of tl:),i.s 
obsolete oscilloscope are required. 
Reasonable price and freight paid. 
- Please contact A. Tait, Scotch 
College, Hawthorn 3122, Melbourne, 
Australia. (9704 

EQUIPMENT WANTED 

I TO ALL MANUFACTURERS 
AND WHOLESALERS 
IN THE ELECTRONIC 

RADIO AND TV 
FIELD 

BROADFIELDS &. 
MAVCO DISPOSALS 

will pay you top prices for any large stocks of 
surplus or redundant components whoch y~u. 
may wish to clear. We will call anywhere 1n 
the United Kingdom. 

21 LODGE LANE 
NORTH FINCHLEY. LONDON N12 BJG. 
Telephone Nos. 01-445 0749/445 2713 

After office hours 958 76 24 

(9123) 

Classified . 159 

SERVICES 

TEST EQUIPMENT 
CALIBRATION 
AND REPAIR 

Quick turn round; attractive rates, ring for 
deta_ils on Fair Oak5252. 

DUTCHGATE LTD. 
Pyle Hill, Winchester Road 

Fair Oak, Hampshire, · 19465) 

ELECTRONIC DESIGN SERVICES. 
Wide engineering experience avail· 
able for the design of basic circuits 
to complete systems. Analogue DC 
to lGHz and Digital. Write or 
phone Mr Anderson, Andertronics 
Ltd, Ridgeway, Hog's Back, Seale 
(Nr. Farnham), Surrey. Runfold 
2639. (9140 

DESIGN SERVICE. Electronic ~e­
sign Development and ? ·roduc,tion . 
Serv'ice avai,lable in D1gi:tal and 
Analogue Instruments, RF Trans· 
pll!ttetiS and Receivers for co-ntrO'l of 
a~ny func,tion wt any range.. Tele­
metery, Video Transmitters a~d 
Moniltm"S Mototri:sed Pan and TiU 
Heads etc. Suppliers to the I~dustry 
f{)r 16 y.ea.r:s. Phnne or wnte Mr. 
Falkner, R.C.S. Electronics! 6 Wo,l· 
sey :Road Ashfo,rd, Mt~ddleSiex. 
Phone Ashford 53661. (8341 

DESIGN AND DEVELOPMENT, com­
petent engineering effort available 
for all aspects of electronic design. 
Single circuits or complete systems, 
prototype to production run. :Ji!.I.A., 
80 Wheatland Lane, Wallasey, Mer· 
seyside, 051·639 9122. (8615 

PRINTED CIRCUITS manufactured, 
quick turnround, long or short p~o-

, duction runs. All or part service 
available now at lower rates. Send 
masters for prompt _quotati~n. ;All 
enquiries to BRB Prmted Circmts, 
109 Potter Street, Worksop, Notts 
S80 2HL. (9691 

W.K.F. ELECTRONICS 
(R.P.C.B.S. Ltd.) 

TilE CIRCUIT BOARD SPECIALISTS -
UNIVERSAL SUPPLIERS 

Contr•ctora for: p.C .B. Production, Contract 
Drilling . Electroplating. Laminate Cutting . · 
Servic:eS for: Master Am.vor" Preparation. Process 
Photography, Circuit Diagrams, Layouts Bl: Lege\lds. 
Con•ultenta for: Instrument Eng1neer1ng , 
Automatic Control & Applications 

·Do·lt-Yourself Won't Do: Toda{s assemblies 
·demand close tolerances . 
Goodbye. to 1h• Long Wait: .3 to 7 Dooy Prototype 
P.C.B . Production Service. 
Qllotationa: By Return. Guaranteed Quality on 
every process. 
Short or Long Term Production now acceptable 
from 1 to 1 0.000 units. 

We Univ.;...uy Dilltribut8: Caminate. Carbide Drill 
Bits & Routers, Process Chemical_s (any)_._Pr~:, 
sensittsed Laminate, Drilling Machmes {Manuai,,­
Multi-spindle, N.C. /C. N.C. Control}. Graphic Art 
Draughting m~terials & aid~ .. 

'We M..,i.f.~,. to Spacifictitlon: Quality Circuit' 
Boards (Single or Double Sided with any fmish) . Due 
to expansi.on we now have .space avatlab!e for 
prototype or long ~E!_rm product~e?':l· 

Fo; ·auotatlona: Submit Copy Masters, Roughs, 
Circuit or Sample units for costing. 

To: 
W.K.f. ELECTRONI_CS 
FLEA: HOUSE. WELBECK STREET 
WHITWELL. WORKSOP, NOTTS. 
TEL. WORKSOP (0901) 720695 
TELEX: 547616 

NOTICE TO OTHER 
MANUFACTURERS 

IS rOUR DRILliNG ROUTIN(; DEPARTMlNT A 

BOTTLENECK' 
If SO fRY OUR SERVILE FOR DRILLiNG AND 

ROUTit>.G 

THE RATtS ARt VERY RESONABLc AND THE 
FAST SERVICE WH ENSURE THAT YOUR 
CUSTCJMFRS DELIVERIES AHf MET 

PRECISION SHEET METAL work, 
chassis, panels, etc., steel, stain­
less or aluminium, long/short runs, 
good deliveries. EES Ltd., Clifford 
Road, Monks Road, Exeter 36489. -
Telex 4.-2401. (8060 

CAPACITY AVAILABLE ~ 

,.. """'Il 

COIL WINDING 
Large or small 

PRODUCTION RUNS 

AIRTRONICS L TO 
GARDNER INDUSTRIAL ESTATE 
KENT HOUSE LANE 
BECKENHAM KENT BR31UG 
01-6591147 

8936...olll ... 
A COMPLETE SERVICE to manu­
f.acturers. Assembly, cable forming 
and testing. Also a prototype ~CB 
service and co.mpo'l.ent schedulmg 
at competitive prices . Small or 
large runs with quick turn-round 
to high standards. Cont!lct the pro· 
fessionals - Techtromc Services, 
Staincliffe Mills, Dewsbury, W. 
Yorks. Tel ( 0924) 409040 TX 556267. 

(9504 

, ELECTRONIC I Electro-mechanical 
assembly. Versatile company offers 
the following quality service for 
small to medium batches; PCB and 
final assembly, flow soldering, in· 
spection and functional test, proto­
types and associated servic~s, 
modifications. For competitive 
prices and fast turnaround. Con· 
tact Circolec. Tel. Burgh Heath 
52516 or Redhill 69586. (9699 . 

J::LECTRONIC DESIGN SERVICE. 
Immedi.ate capacity availabl·e for 
circuit design and deve,l.opme.n:t 
work, P;C artwork, etc. Small ba:tch 
and prototype production welcome . 
- E.P.D.S. Ltd .. 93b King Stree't, 
MAIDSTONE, Kent. 0622-677916. 

(9·667 

I.H.Sa S_YSTEMS 
Due to expansio.n of our manufac­
turing facilities we are able to under­
take assembly and testing of circuit 
boards or complete units in addition to 
contract development . 
.We can produce, test and calibrate to 
a high standard digital analogue and 
RF equipment in batches of tens to 

·thousands. 
Telephone to arrange for one of our 
engineers to call and discu~s your 
requirements, or send full details for a 
prompt quotation . 

TEL. 01-253 4562 
or reply to Box No. WW 823 7 

. . . . (8237) 

PRINTED CIRCUITS BOARDS. 
Quick deliveries, competitive prices. 
Quotations on reqeust, roller thin­
ning, drilling, etc. Speciality small 
batches. Larger quantities avail­
able . Jamieson Automatic Ltd., 1·5 
Westgate, Bridlington, North Hum· 
berside. For the attention of J. 
Harrison ( 0262) 74738 or 77877. 

(9652 

PCB ARTWORK DESIGN SERVICE 
with component notation masters 
and assembly drawings. PADS 
Electrical Ltd, 01-850 6516, 45 
Southwo-od Road, New Eltham SE9. 

(7905 

SMALL BATCH producti.ons wiring 
ass·emb.ly to sample or drawings. 
Spe.dalis,t in p-rinted circui,ts as· 
sembly. Rock Ele,ctronics, 42 BiS· 
ho,psfield Harlow, Essex 0279 33018. 

' (9094 



Classified 158 

·· .. . ~~~· 
esa~ 

european space agency 

RESEARCH ASSISTANT 

FOR ASTRONOMY 

AND SPACE SCIENCE 
The Astronomy Division of the Space Science Department,· 
ESTEC, Noordwijk, Holland, wishes to recruit an experienced 
assistant for its research projects in millimetre radioastronomy. 
The present work primarily involves the design, fabrication and 
testing of advanced experimental quasi-optical systems for 
operation at frequencies from 600 GHz down to 200 GHz, 
with associated IF electronics, large filter banks, and backward 
wave local oscillators. The work will primarily be carried out at 
the laboratories in ESTEC but it will also involve occasional 
participation in observing campaigns at ground based obser­
vatories and in aircraft. Future work will involve also par­
ticipation in the design and development of advanced elec­
tronic and electro-mechanical systems for space astronomy. 
Candidates must have an education to HNC level in electronics 
and several years' experience in designing and fabricating 
analogue and digital electronics, preferably in a research 
environment. 

(9705) 

ARTICLES FOR SALE 

TO MANUFACTURERS, WHOlESALERS & 
BULK BUYERS ONLY 

Large quantities of Radio, T.V. and Electronic Compinents. 
RESISTORS CARBON 8r. C/F Vs, 1.4, Y2, YJ . 1 Watt from 1 ohm to 
10 meg . 
RESISTORS WIREWOUND. 1 Y2, 2, 3, 5, 10, 14, 25 Watt. 
CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, 

.Metalamite, C280, etc . 
Convergence Pots, Slider Pots, Electrolytic condensors, Can Types, 
Axial, Radial, etc . 
Transformers, chokes, hopts, tuners, speakers, cables, screened wires, 
connecting wires, screws, nuts, transistors, ICs, Diodes, etc., etc. 
All at Knockout prices. Come and pay us a visit . Telephon~ 445 2713, 
445 0749 . 

BROADF-IELDS 8r. MAYCO DISPOSAlS 
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho Corner 19461 

TRANSFORMER 
PROBLEMS? 

1VA-1 KVA Prototypes in 7-10 days . 
Phone Vince Sellar on 0607 6-
66716. 
TRENT TRANSFORMERS LTD. 

26 Derby Road · 
Long Eaton, Nottingham (8363) 

}'ii·!ii 1 a,,, 1M, ew,! 4 ·~ 

A. R. Sinclair 
Electronic Stockholders 

Stevenage 812193 

We purchase all types of 
Mechanical and Electronic 
Equipment and Surplus stocks. ; t 

\ (9206);_ 

ELECTRONIC' COMPONENTS 
IN WEST GLAMORGAN 

BLUEBIRD ELECTRONICS 
72 CRYMLYN ROAD 

SKEWEN, NEATH 
TELEPHONE SKEWEN 812103 

Electronic Components available mail 
order or in the evenings 5 pm to 7 pm 
and at weekends: Sat., 9 am to 5 pm 
and Sun., 10 am to 1 pm . 
Send S.a.e. for catalogue or call in 
and see us. · 

(9618) 

COURSES 

COURSE IN ELECTRONICS by cor­
respondence. For free brochure, 
write to, The Dataspec Program, 
P.O. Box 23, Succ Laval West, 
Laval, Quebec, Canada H7R·5B7. 

WIRELESS WORLD, OCTOBER 1979 

ARTICLES FOR SALE 

Videobrokers is a new division of C.W. Cameron Ltd 
formed after many years of buying, selling and acting 
as agents for used, ex-demo equipment or redundant 
stock lines. The activity is operated on a worldwide 
basis with an increasing mailing list of over 20,000 
buyers/sellers. If you yvish your name to be placed on 
the list, drop us a line. · 

Extract of our current equipment list-

BROAD,CAST EQUIPMENT­
Used section 
RCA TR600uad PAL/625 VTR Code 502 Oty 3 
RCA TR70Quad PAL/625 VTR Code 505 Oty 2 
RCA TR71 Quad PAL/625VTR Code 507 Oty 1 
RCA TR6000uad PAL/625 VTR Code 508 Oty 4 
AMPEXAVR 20uadPAL/625VTR Code 5120ty5 
RankMk II Flying spot 16mm TelecineCode 517 Oty 1 
Rank Photoconductive 16mm TelecineCode 518 Oty 2 
RCA TK28 16mm Telecine (new) Code 520 Oty 1 

VIDEO -VARIOUS EQUIPMENT 
-New/Used 
Hitachi FP 1020 ENG colour camera Code 61 OOty 2 
IVC 501 A Studio colour camera Code 611 Oty 2 
IVC 93 TK colour camera Code 612 Oty 10 
Please contact our Videobrokers Department for 
complete l ist or further details of the above. 

C.W. CAMERON LTD.(Est. 1946) 
Burnfield RoadGiffnockGiasgowG46 7TH 
Tel. 04·1 -633 0077 Telex 779469 

COMPLETE BOUND S.ETS of maga· 
zines, up to June '79 or later: 
Radio & Electronics Constructor, 
from 1956; Practical Wireless, from 
l969; Everyday Electronics, from 
l971 (first. issue); various comput­
ing magazines, from '78 (ditto). 
Nearly complete: Practical Elec­
tronics, from 1964 (complete from 
'67); Electronics Today Inter· 
national, from 1972 (complete from 
'74); Elektor, from 197·4 (3 miss· 
ing). Several Television, 1977·79. 
Hobby Electronics, Nov. '78-May 
'79. 3 vol. magazine course 1976, 
"·Ele,ctr~nics - It's Easy". Offers 
to Paterson, ,craigside Cottage, 
Leckbampton Hill, Cheltenham 
GL53 9QH. (9708 

For Sale: 

Staff Location 
System 

4 (NO) Transmitters 
1 (NO) Control Unit 

30 (NO) Personal Receivers 

NB: A GPO licence is required 
before the equipment can b.e 
operated in this country. 

Offers invited. ,, 
Tenders obtainable from British 
Rail, Director of Supply, Railway 
Technical Centre, London Road, 
Derby. Reference: 53/230/ 
232T /096. 

(9684) . .. 

96 

G.W.M. RADIO LTD, 40/42 Portland 
Road, Worthing, Sussex. Tel. 0903 
34897 for g·overnment and factory 
surplus se.cond user and s/h equip­
ment. Radio telephones for sale and 
wanted ln large or small lots. 
Atalanta Marine Communication 
Receivers £115 plus carriage at 
cost. Avometers model 7 £31. Model 
8 £43 inc. sound powered tele­
phones with intrinsically safe cir­
cuits, unused. 40ft pneumatic masts 
by Scam Clark £32·1, in original 
unopened maker's box gross weight 
4 cwt. Many one off items in stock. 
No lists, we are worth a visit. 

1COURSES 

BRUNEL UNIVERSITY 
DEPT. OF ELECTRICAL 
ENGINEERING 8r. 
ELECTRONICS 

S.R.C. Collaborativ~ 
Training Award 
INDUSTRIAL 
ROBOTICS 

(9152) 

The one-year award is ava-ilable 
on a joint project between a 
manufacturing company and 
Brunei University on the deve­
lopment of a self-steering 
machine. 

For further information please 
write to: 
I. ALEKSANDER 
Professor of Electronics 
Brunei University 
Uxbridge, Middx. UB8 3PH 

WIRELESS WORLD, OCTOBER 1 979 

ARTICLES FOR SALE 

COLOUR, UHF AHD TV SPARES 
(miniature size 4! x 3t x 21). New 
saw Fllter IF Amplifier plus tuner 
(complete and tested for sound and 
vision, £28.50, p/p £1. . 
TELE'l'EXT Ceefax and Oracle m 
Colour, Manor Supplie~ ·: easy. to 
assemble ''. Teletext kit mcludmg 
Texas Tifax XMll Decoder. External 
unit aerial input, no other con!l~c­
tions to set. Wide range of facilities 
in colour include 7-cbannel selec­
tion, Mix, Newsftash and Update. 
(Price: Texas Tifax XMll .£130, 
Auxiliary Units £88, Case £14.80. 
p/p £2.50). Demonstration model at 
172 West End , Lane, NW6. Also 
latest Mullard Teletext 610LVM 
module available. Call, phone or 
write for further information. 
COMBINED COLOUR BAR AND 
CROSS HATCH GENERATOR KIT 
(MK 4) UHF aerial input type. 
Eight pal vertical colour bars, R-Y, 
B-Y, Grey scale etc. Push-button 
controls £35 p/'P £1; Battery Hold· 
ers £L50; Alternative Ma·ins Supply 
Kit £4.8{); De Luxe Case £4.80; 
Aluminium Case £2.60. Built and 
tested (battery) in De Luxe Case 
£58, p/p £1.20. j • • 
CROSS HATCH KIT, UHF aenal m­
put type, also gives peak white and 
black levels, battery operated £1~ 
p/p 45p. Add·on Grey scale k1t 
£2.90 p/p 35p; De Luxe Case 
£4.80; Aluminium Ca~e £2 p/p 
85p. Built and tested m De Luxe 
Case £23.80 p/p £1.20. 
UHlt' SIGNAL STRENGTH METER 
KIT £16.80, alum. Case £1.50, De 
Luxe Ca:se £4.80 p/p £1. 
CR'l' TEST AND REACTIVATOR KIT 
ror Oolour and Mono £20.80, p/p 
£1.30; TV 625 IF Unit for Hi-fi amps 
or tape rec. £6.80, p/p 75p. ~urplus 
Bush IF panels. A816 £2.80, TV312 
(single IC) £5. BC5600 (Exp) £5, 
A823 (Exp) £2.80 p/p 85p. Bush 
A823 (A807) Decoder panel £7.50 
p/p £1. A823 Scan Control l>anel 
£3.50, blue lat, 75p. Philips ~6 smgle 
standard convergence umt £3.75 
p/p 90p. GEC 2040 ex rental panels, 
Decoder £5, Time Base £5 p/p. 90p. 
Thorn 3000 ex rental panels, VIdeo, 
Decoder, frame, IF £5 p/p 90p. 
Colour Scan coils, Plessey £6, Yoke 
£3 50 blue lat, 76p (Mullard also 
av"an'able). Mono Scan coils Philips/ 
Pye £2.80. Thorn £2.80 p/p 85p. 
Philips G8 Decoder panels, salv'!-ged 
for spares .£3.80 p/p 90p. Var1cap 
UHF tuners Gen Instruments £3.50, 
ELC 1043 £4.50, ELC1043/05 £5.50; 
Philips G8 £5.50 p/p 35p. Salvaged 
UHF Varicap tuners £1.50 p/p 35p. 
UHF/VHF ELC2000S Varicap tuner 
£8.50 p/p 65p. Varicap control units, 
3 pos. £1.20, 4 pos. £1.50, 5 pos. 
£1.80, 6 pos. (special offer) £1.80, 
7 pas. £3.80 p/p 45p. Touch Tune 
control unit Bush 6 pos. £5 p/p 
75p. UHF transtd . tuners, rotary 
incl. slow motion drive £2.50, 4 pos. 
push button £2.50, 6 pos. push but· 
ton £4.20 p/p £1. (Thor~e, GEC, 
Bush, Decca, etc., special types 
available, details on request). Delay 
Lines DL20, DL5 £3.50, DL1 SOp PIP 
65p. Remote Control Thor!l-type . 
Transmitter, receiver £2 pair P/P 
45p. Large selection of lopts, tnp­
lers mains droppers, and other 
spa~es for popular makes of colour 
and mono receivers. 
MANOR SUPPLIES, 172 WEST END 
LANE WEST HAMPSTEAD, LON· 
DON ' NW6, SHOP PREMISES, 
EASILY ACCESSIBLE, WEST HAMP· 
STEAD·BAKERLOO, JUBILEE TUBE, 
and BRITISH RAIL N. LONDON 
(RICHMOND-BROAD ST.) and ST. 
PANCRAS-BEDFORD. BUSES 28, 
159, 2, 13. Callers welcome. Thou­
sands of additional items available 
at shop premises not normally ~d­
vertised. Open daily all week m­
cluding Saturday (Thursday half· 
day). MAIL ORDER: 64 GOLDERS 
MANOR DRIVE, LONDON NW11 
9HT. Tel. 01-794 8751. 

ALL PRICES 15% VAT 

ARTICLES WANTED 

CAM TIMERS 08+ cams/micro 
switches) and plastic cased relays, 
all UOV AC operation, wanted. 
Please quote for quantity and send 
sample. Millermatic, 32 High Street, 
Wymlngton, Rushden 59189. (9422 

W.W. BACK ISSUES r:equired. Feb 
and May '78. Good pnces and P&P 
paid. Please contact:_ G. P. Church, 

. 16 Brocklehurst Dnve, Prestbury, 
Cheshire. SK10 4JD. < 9694 

ELECTRONIC 
TEST EQUIPMENT 
SAtES PURCHASES 

AND SERVICE 

Tek. 526 Vectroscope £395 
Tek. 105 Generator .... , . . . . £60 
Tek. 109 Generator . . £100 
Tek. 575 Curve Tracer £100 
Tek . 530 and540 Mainframes from £75 
Feedback TWG 504 Function Gen. . £80 
Marconi TF 801 D/1 Generator . .. £195 
TF 2410-1 20 MHZ Counter . £120 
Marconi TF 1020 A Powermeter . . . £55 
Marconi TF 995 A/ 2 AM I FM Sig. Gen 

. . £150 
Ma.rc~n·i TF 1073 A Attenuator . £60 
Marconi TF 2091/2902 Noise System . 

. .. . . . . .. ... ............ £300 
HP51021MHZsynthesizer . .... £250 
HP 2508 RX Meter . .. ....... . £200 
R & S SLDR High Power Sig. Gen. £1000 
Compariscope . .... . , . ... .... £495 
B & K 2005 Hetero Dine Volt Meter £125 
Telequipment D52 10 MHZ Scope £150 
c9sser CDU 150 35 MHZ Scope _ £350 
Taylor 128 Meter . . . . . . . £20 
Avometer Model 8 and 9 . .... · · . £50 
Avometer Model7 and 12. From ... £30 
Ampex VR 5003 Video Tape Recorder t:Z:Z

5 
Lab Gear C~lour Bar Gen . ~. . . £95 
Kortmg Colour TV Semcmg Gen. £150 
HP5263A Tome Interval Unot .... £45 
Belix 5v 1 4A PSU Modules, new £22.50 
Magnetic AB S41 OA 2 I :4 GHz AM Sig£~~O 

ASC11 K~yb~~;d~ £20 
Bradley 1268 DC Calibrator ..... £125 

:Airmec 858 30 MHZ Oscillator £25 

DUTCHGATE LTD. 
Pyle Hill, Winchester Rd. 

Fair Oak, Hampshire 
Fair Oak 5252 

19486) 

ARTICLES WANTED 

WANTED 
All your gold washed scrap. Plugs, sockets, 
edge connectors, P.C. boards, pins, etc. . 

We collect and pay cash fof any amount from ' 
1cwt. 
~inimum price £1 00-£200 per cwt. 
f'. $kellam M&tala, The Iron Yard (E1Jt,_ ~ 
1935), Cutlers Green," Thaxted, .:Ssex 
CM19 2PL. Telephone: Thaxted 830 
862. 

SPOT CASH 
paid for all forms of electronics equip­
ment and components. 

F.R.G. General Supplies 
550 Kingst~n Road 
London SW20 BDR 

Tel: 01-404 5011 
Telex: 24224. Quote Ref. 3165 · 

(8742) 

TELEQUIPMENT MINOR OSCILLO· 
SCOPE. Between 1 and 5 of tl:),i.s 
obsolete oscilloscope are required. 
Reasonable price and freight paid. 
- Please contact A. Tait, Scotch 
College, Hawthorn 3122, Melbourne, 
Australia. (9704 

EQUIPMENT WANTED 

I TO ALL MANUFACTURERS 
AND WHOLESALERS 
IN THE ELECTRONIC 

RADIO AND TV 
FIELD 

BROADFIELDS &. 
MAVCO DISPOSALS 

will pay you top prices for any large stocks of 
surplus or redundant components whoch y~u. 
may wish to clear. We will call anywhere 1n 
the United Kingdom. 

21 LODGE LANE 
NORTH FINCHLEY. LONDON N12 BJG. 
Telephone Nos. 01-445 0749/445 2713 

After office hours 958 76 24 

(9123) 

Classified . 159 

SERVICES 

TEST EQUIPMENT 
CALIBRATION 
AND REPAIR 

Quick turn round; attractive rates, ring for 
deta_ils on Fair Oak5252. 

DUTCHGATE LTD. 
Pyle Hill, Winchester Road 

Fair Oak, Hampshire, · 19465) 

ELECTRONIC DESIGN SERVICES. 
Wide engineering experience avail· 
able for the design of basic circuits 
to complete systems. Analogue DC 
to lGHz and Digital. Write or 
phone Mr Anderson, Andertronics 
Ltd, Ridgeway, Hog's Back, Seale 
(Nr. Farnham), Surrey. Runfold 
2639. (9140 

DESIGN SERVICE. Electronic ~e­
sign Development and ? ·roduc,tion . 
Serv'ice avai,lable in D1gi:tal and 
Analogue Instruments, RF Trans· 
pll!ttetiS and Receivers for co-ntrO'l of 
a~ny func,tion wt any range.. Tele­
metery, Video Transmitters a~d 
Moniltm"S Mototri:sed Pan and TiU 
Heads etc. Suppliers to the I~dustry 
f{)r 16 y.ea.r:s. Phnne or wnte Mr. 
Falkner, R.C.S. Electronics! 6 Wo,l· 
sey :Road Ashfo,rd, Mt~ddleSiex. 
Phone Ashford 53661. (8341 

DESIGN AND DEVELOPMENT, com­
petent engineering effort available 
for all aspects of electronic design. 
Single circuits or complete systems, 
prototype to production run. :Ji!.I.A., 
80 Wheatland Lane, Wallasey, Mer· 
seyside, 051·639 9122. (8615 

PRINTED CIRCUITS manufactured, 
quick turnround, long or short p~o-

, duction runs. All or part service 
available now at lower rates. Send 
masters for prompt _quotati~n. ;All 
enquiries to BRB Prmted Circmts, 
109 Potter Street, Worksop, Notts 
S80 2HL. (9691 

W.K.F. ELECTRONICS 
(R.P.C.B.S. Ltd.) 

TilE CIRCUIT BOARD SPECIALISTS -
UNIVERSAL SUPPLIERS 

Contr•ctora for: p.C .B. Production, Contract 
Drilling . Electroplating. Laminate Cutting . · 
Servic:eS for: Master Am.vor" Preparation. Process 
Photography, Circuit Diagrams, Layouts Bl: Lege\lds. 
Con•ultenta for: Instrument Eng1neer1ng , 
Automatic Control & Applications 

·Do·lt-Yourself Won't Do: Toda{s assemblies 
·demand close tolerances . 
Goodbye. to 1h• Long Wait: .3 to 7 Dooy Prototype 
P.C.B . Production Service. 
Qllotationa: By Return. Guaranteed Quality on 
every process. 
Short or Long Term Production now acceptable 
from 1 to 1 0.000 units. 

We Univ.;...uy Dilltribut8: Caminate. Carbide Drill 
Bits & Routers, Process Chemical_s (any)_._Pr~:, 
sensittsed Laminate, Drilling Machmes {Manuai,,­
Multi-spindle, N.C. /C. N.C. Control}. Graphic Art 
Draughting m~terials & aid~ .. 

'We M..,i.f.~,. to Spacifictitlon: Quality Circuit' 
Boards (Single or Double Sided with any fmish) . Due 
to expansi.on we now have .space avatlab!e for 
prototype or long ~E!_rm product~e?':l· 

Fo; ·auotatlona: Submit Copy Masters, Roughs, 
Circuit or Sample units for costing. 

To: 
W.K.f. ELECTRONI_CS 
FLEA: HOUSE. WELBECK STREET 
WHITWELL. WORKSOP, NOTTS. 
TEL. WORKSOP (0901) 720695 
TELEX: 547616 

NOTICE TO OTHER 
MANUFACTURERS 

IS rOUR DRILliNG ROUTIN(; DEPARTMlNT A 

BOTTLENECK' 
If SO fRY OUR SERVILE FOR DRILLiNG AND 

ROUTit>.G 

THE RATtS ARt VERY RESONABLc AND THE 
FAST SERVICE WH ENSURE THAT YOUR 
CUSTCJMFRS DELIVERIES AHf MET 

PRECISION SHEET METAL work, 
chassis, panels, etc., steel, stain­
less or aluminium, long/short runs, 
good deliveries. EES Ltd., Clifford 
Road, Monks Road, Exeter 36489. -
Telex 4.-2401. (8060 

CAPACITY AVAILABLE ~ 

,.. """'Il 

COIL WINDING 
Large or small 

PRODUCTION RUNS 

AIRTRONICS L TO 
GARDNER INDUSTRIAL ESTATE 
KENT HOUSE LANE 
BECKENHAM KENT BR31UG 
01-6591147 

8936...olll ... 
A COMPLETE SERVICE to manu­
f.acturers. Assembly, cable forming 
and testing. Also a prototype ~CB 
service and co.mpo'l.ent schedulmg 
at competitive prices . Small or 
large runs with quick turn-round 
to high standards. Cont!lct the pro· 
fessionals - Techtromc Services, 
Staincliffe Mills, Dewsbury, W. 
Yorks. Tel ( 0924) 409040 TX 556267. 

(9504 

, ELECTRONIC I Electro-mechanical 
assembly. Versatile company offers 
the following quality service for 
small to medium batches; PCB and 
final assembly, flow soldering, in· 
spection and functional test, proto­
types and associated servic~s, 
modifications. For competitive 
prices and fast turnaround. Con· 
tact Circolec. Tel. Burgh Heath 
52516 or Redhill 69586. (9699 . 

J::LECTRONIC DESIGN SERVICE. 
Immedi.ate capacity availabl·e for 
circuit design and deve,l.opme.n:t 
work, P;C artwork, etc. Small ba:tch 
and prototype production welcome . 
- E.P.D.S. Ltd .. 93b King Stree't, 
MAIDSTONE, Kent. 0622-677916. 

(9·667 

I.H.Sa S_YSTEMS 
Due to expansio.n of our manufac­
turing facilities we are able to under­
take assembly and testing of circuit 
boards or complete units in addition to 
contract development . 
.We can produce, test and calibrate to 
a high standard digital analogue and 
RF equipment in batches of tens to 

·thousands. 
Telephone to arrange for one of our 
engineers to call and discu~s your 
requirements, or send full details for a 
prompt quotation . 

TEL. 01-253 4562 
or reply to Box No. WW 823 7 

. . . . (8237) 

PRINTED CIRCUITS BOARDS. 
Quick deliveries, competitive prices. 
Quotations on reqeust, roller thin­
ning, drilling, etc. Speciality small 
batches. Larger quantities avail­
able . Jamieson Automatic Ltd., 1·5 
Westgate, Bridlington, North Hum· 
berside. For the attention of J. 
Harrison ( 0262) 74738 or 77877. 

(9652 

PCB ARTWORK DESIGN SERVICE 
with component notation masters 
and assembly drawings. PADS 
Electrical Ltd, 01-850 6516, 45 
Southwo-od Road, New Eltham SE9. 

(7905 

SMALL BATCH producti.ons wiring 
ass·emb.ly to sample or drawings. 
Spe.dalis,t in p-rinted circui,ts as· 
sembly. Rock Ele,ctronics, 42 BiS· 
ho,psfield Harlow, Essex 0279 33018. 

' (9094 
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Here's why you 
should buy 
an lCE ·. 
instead of 
. just any 
. multimeter 
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- * ·aest \lalue tor money. 
*Used by professional engineers, D .I. Y. 

enthusiasts, hobbyists, service engineers. 
*World-wide proven reliability .. 
*Low servicing costs. 
* 20K/volt sensitiv.ity and high accuracy. 
*Large mirror scale meter. 
*Fully protected against overload. 
*Large range of inexpensive accessories. 
*12 month warranty,backed by a full after 

sales service at E. B.Sole U. K.Distributors; 

Prices from £16.60 - £32.00 +VAT 
Sendifor full colour leaflet and prices on . 
whole range including accessories . 

I -.... = ELECTRONIC 
_ _.., __ BROKERS LIMITED 
49-53 Pancras Road, London NW1 208. 
Tel: 01-837 7781. Telex: 298694. 

Appoint~ents Vacant Advertise~ents appear on pages 140-159 
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fact: 
this condenser microP-hone 
sets a new standard of 
technical excellence . 

SM81 puts it all together! 
• WIDE RANGE, 20Hz to 20kHz FLAT 

FREQUENCY RESPONSE. 
• PRECISE CARDIOID polar pattern, uniform 

with frequency and symmetrica l aboutaxis, 
to provide maximum rejection and 
minimum colouration of off-axis sounds. 

• EXCEPTIONALLY LOW (16dBA) NO ISE 
LEVEL. 

• 120 dB DYNAMIC RANGE. 
• ULTRA-LOW DISTORTION (right up to the 

clipping point!) over the entire audio 
spectrum for a wide range of load 
impedances. MAXIMUM SPL BEFORE 
CLIPPING: 135 dB; 145 dB with attenuator. 

• WIDE RANGE SIMPLEX POWERING 
incl udes DIN 45 596 voltages of 12 and 48 
Vdc. 

• EXTREMELY LOW RF SUSCEPTIBILITY. 
• SELECTABLE LOW FREQUENCY · 

RESPO NSE: Flat, 6 or 18 dB/octave roll off. 
• 10 dB CAPACITIVE ATTENUATOR 

a ccessible without disassembly and 
lockable .• 

The Shure SM81 cardioid condenser is 
a new breed of microphone. It is a trul y 
high-performance studio instrument 
exceptionally well-suited to the criti cal 
requ irements of professional recording, 
broadcast, motion picture record ing, 
and highest quality sound 
reinforcement-and , in add ition, is 
highly reliable for fie ld use. 

Shure eng ineers sought-and found 
- ingenious new solutions to common 

Outstanding Ruggedness 
Conventional condenser micropho nes have 
gained the reputation of being high qual ity, 
but often at the expense of mechanical and 
environmental ruggedness. This no longer 
need be the case. The SM81 tra nsducer and 
electronics housing is of heavy-wall s teel 
construction, and all inte rnal compo ne nts a re 
rigid ly supported . (Product io n line SM81 's 
must be capable of withstanding at least s ix 
random drops from six feet o nto a hardwood 
floor without s ignificant performance 
deg radation or structural damage.) It is 
reliable over a temperature ra nge of -20° F 
to 165° Fat relative humidities of 0 to 95%! 

Send for a complete brochure o n this 
remarkable new condenser microphone ! 

problems which, up to now, have 
restricted the use of condenser 
microphones. Years of operational tests 
were conducted in an exceptionally 
broad range of studio applicat ions and 
under a wide variety of field cond itions. 

As the following specifications indicate, 
the new SM81 offers unprecedented 
performance capability-making it a 
new standard in high quality 
professional condenser microphones. 

SM81 Cardioid Condenser Microphone 
® SHURE 

® 

Shure Electronics limited, Eccleston Road, Maidstone ME15 6AU-Telephone: Maidstone (0622) 59881 
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fact: 
this condenser microP-hone 
sets a new standard of 
technical excellence . 

SM81 puts it all together! 
• WIDE RANGE, 20Hz to 20kHz FLAT 

FREQUENCY RESPONSE. 
• PRECISE CARDIOID polar pattern, uniform 

with frequency and symmetrica l aboutaxis, 
to provide maximum rejection and 
minimum colouration of off-axis sounds. 

• EXCEPTIONALLY LOW (16dBA) NO ISE 
LEVEL. 

• 120 dB DYNAMIC RANGE. 
• ULTRA-LOW DISTORTION (right up to the 

clipping point!) over the entire audio 
spectrum for a wide range of load 
impedances. MAXIMUM SPL BEFORE 
CLIPPING: 135 dB; 145 dB with attenuator. 

• WIDE RANGE SIMPLEX POWERING 
incl udes DIN 45 596 voltages of 12 and 48 
Vdc. 

• EXTREMELY LOW RF SUSCEPTIBILITY. 
• SELECTABLE LOW FREQUENCY · 

RESPO NSE: Flat, 6 or 18 dB/octave roll off. 
• 10 dB CAPACITIVE ATTENUATOR 

a ccessible without disassembly and 
lockable .• 

The Shure SM81 cardioid condenser is 
a new breed of microphone. It is a trul y 
high-performance studio instrument 
exceptionally well-suited to the criti cal 
requ irements of professional recording, 
broadcast, motion picture record ing, 
and highest quality sound 
reinforcement-and , in add ition, is 
highly reliable for fie ld use. 

Shure eng ineers sought-and found 
- ingenious new solutions to common 

Outstanding Ruggedness 
Conventional condenser micropho nes have 
gained the reputation of being high qual ity, 
but often at the expense of mechanical and 
environmental ruggedness. This no longer 
need be the case. The SM81 tra nsducer and 
electronics housing is of heavy-wall s teel 
construction, and all inte rnal compo ne nts a re 
rigid ly supported . (Product io n line SM81 's 
must be capable of withstanding at least s ix 
random drops from six feet o nto a hardwood 
floor without s ignificant performance 
deg radation or structural damage.) It is 
reliable over a temperature ra nge of -20° F 
to 165° Fat relative humidities of 0 to 95%! 

Send for a complete brochure o n this 
remarkable new condenser microphone ! 

problems which, up to now, have 
restricted the use of condenser 
microphones. Years of operational tests 
were conducted in an exceptionally 
broad range of studio applicat ions and 
under a wide variety of field cond itions. 

As the following specifications indicate, 
the new SM81 offers unprecedented 
performance capability-making it a 
new standard in high quality 
professional condenser microphones. 

SM81 Cardioid Condenser Microphone 
® SHURE 

® 

Shure Electronics limited, Eccleston Road, Maidstone ME15 6AU-Telephone: Maidstone (0622) 59881 
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gets it together ... 
I 

Toolbox 
Reels 

I Three solders that 

I cover all your ele.ctrical 
applications. 

I 40/60 Tin/ Lead Size 3 £3.22 each 
60/40 Tin/ Lead Size 10 £3.22 each 

\ Savbit Alloy/ Size 12 £3.22 each 1 '---------- ---·--···--··' --------, 
~~i~~ering Flux Paste i 
A fast non-corrosive, rosin flux 
for general and electrical soldering. I 

Use in conjunction w ith 'Ersin' Multicore solders. I 
Size RF10 &Op inc. VAT 

'Arax' Use in conjunction with 'Arax' Multi core 1 
solder for general metal fabrication . I 

\ Size A F14 &Op inc. VAT 

'---------- ---~ 

.,.----------/ Savbit Dispenser 
I For radio, TV and similarwork. 
1 Reduces copper erosion. 

\ Size 5 78p inc. VAT 

.......... --.----- .. -
Emergency Solder 

. . J _.._....,_/ 

Multicore Wick ---------- -~ 
Multicore Wick for solder removal and desoldering I Solder Cream 
For desoldering component leads f rom PCB's or removing I Tacky mixture of solder powder 
solder f rom virtually any joints. Size AB1 0 £1 .92p [nc. VAT H d o· and correct percentage of f lux 
,------------' any . ISpenserS (AIIpricesinc. V.A .T.) I fordifficulttoreachareas. f.r., • 
. W1"re Str1"pper \ I Electrical/Electronic ~" . 
)> - • / . I Size 19A All electrical work 83p ('Ersin' Flux) Size BCR10 £1.38. ~1 r· ... -,=:!i""'ll"'~l· 

/ and Cutter Size PC115 For small components . 92p I Metal joining (:Arax' flux) :';~"";.·~- . . ,.::_....J I' 
I Size SV130 Use with copper bits and wi res £1.27p Size BCA14 £1.38 ~~.;..., 

Easily adjustable for most sizes . Size AR140 Metal repairs 92p I Stainless Steel & Jewellery · ·~-.. 1 
of f lex and cable. I Size AL1 50 Aluminium 92p ('Arax Flux) Size BCA16 £2.04 

Fitted w ith extra strong spring for Size SS160 Stainless Steel £1.38p \ (All prices inc V.A.T.l J 

~--j1~~:~;iigi6. keeps it Plljiiii 
~---~----------~, 

r Cassette I ----------- ~----------( 1 . Cassette · ' 

1 Fast Hand 
1 Editing Kit 1 
I Make editing simple with the I 
I Bib splicer, tape cutter and I 

splicing tape, 

I with 6.3mm adaptor I 
Ref 56 £2.65 inc. VAT 

I I 
I I 
I USA Pat. No. 4067563 (splicer) ·I 
I Brit . Pat. No . 1507583 I 

No. 1258280 (method of splicing) 
\ I ......_ ____ ._ ..... _____ -~--., 
~---------------- ...... 

Tape 
: Winder 

Groov-Kieen 
Automatic 
Record Cleaner 

I 
I 
I 
I 
I 

For single-play turntables . Removes I 
harmful dust to protect records and 
styli i. Finished•i n chrome, bright I 
anodised aluminium and shiny black . 

Tbe Bib Cassette Fast Winder enables 
you to wind tape in one cassette whilst 
you are listening to another cassette. If 
you have a battery recorder, always use 
the Fast Winder to save the high 

· battery consumption when fast 

I . \ 

1 Groov-Guard XL-2 1 
Ref. 42. £2.99, inc. VAT } 

-----------------~~ 

winding . It winds a C.90 cassette in 60 I 
seconds - faster than most recorders . 
Ref . 78 £1.59 inc. VAT 1 ----------- -----------I Anti-static liqu id and record I - - - - - - - -

preservative . I . 
1 Following years of research, Bib I 1 

laboratories have developed Groov-
1 Guard XL-2, Anti-static Record I 1 
· Preservative . When applied to the 
I record, eliminates static charge fo r I 1 

the expected life of the record . 
I Another advancement with Groov- I 1 
1 Guard XL-2 is that it reduces the 1 

fric tional wear of the record surface I 
1 thus giving extended life . Safe pump I I 

action dispenser Non~flammable 
1 Non-toxic . I 1 

Ref. 27 £2.48 inc. VAT 

\_---- -·- ------ ___ ,..,I 
All prices shown are recommended retail, inc . VAT. 

In difficu lty send direct, plus 20p P & P. 
I· Soft bristles on leading edge remove 

I dust and humid velvet pad collects 
particles. This advanced cleaner is 

Record 
Valet 

Biti Send S.A.E. for free copy of colour 
catalogue detailing complete range. 
Bib Hi-Fi Accessories Limited, 
Kelsey House, Wood Lane End, 
Hemel Hempstead, Herts., HP2 4RO. 

1 engineered in a f ine shiny black finish 
and is supplied with dust cover and a · I 22m I. bottle of anti-static cleaner. 
Ref. 47 . £3.29 inc. VAT 

\ ~---------------------/ 
....._.__ _ ____ _, 
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Tape .Head Maintenance Kit· 
Everything necessary for cleaning heads, 
capstan and pinch wheel on all types of 
recorders . 
Cleaning and polish ing pads, cleaning 
liquid and brush inspection mirror included . 

Ref 25 £2.35 inc . VAT 
Brit . Pat . No. 1485069 ......_ _________ __ 

\ 
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•• SCORE SOLDER 

gets it together... 

Toolbox 
Reels 

l* 

£3.22 each 
£3.22 each 
£3.22 each 

Three solders that 
cover all your electrical 
applications. 
40/60 Tin/Lead Size 3 
60/40 Tin/Lead Size 10 
Savbit Alloy/ Size 12 

Soldering Flux Paste \ 
'Ersin' 
A fast non-corrosive, rosin flux . 
for general and electrical soldering. | 

Use in conjunction with 'Ersin' Multicore solders. ■ 
Size RF10 60p inc. VAT I 

'Arax' Use in conjunction with 'Arax' Multicore I 
solder for general metal fabrication. 

^ SizeAF14 60P inc. VAT / 

Multicore Wick 
Multicore Wick for solder removal and desoldering 
For desoldering component leads from PCB's or removing 
solder from virtually any joints. Size AB10 £1.92p jnc. VAT 

P 
I 

Wire Stripper 

and Cutter I 
Easily adjustable for most sizes I 

of flex and cable. . 
Fitted with extra strong spring for I 

automatic opening. Easy grip handles ■ 
and handle 

locking device, 
Ref 9 
£2.21 inc. VAT 

■ 

ISF*)*); J 

IN HANDY DISPENSE8S 
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Handy Dispensers (All prices inc. V.A.T.) 
Size 19A Al I electrical work 83p 
Size PC115 For small components 92p 
Size SV130 Use with copper bits and wires £1.27p 
Size AR140 Metal repairs 92p 
Size AL150 Aluminium 92p 
Size SS160 Stainless Steel £1.38p 

' Savbit Dispenser 
For radio, TV and similar-work. 
Reduces copper erosion. 

I 

I 
^ Size 5 78p inc. VAT 

Emergency Solder 
Self fluxing, t|n/lead solder tape that melts 
with a match .'For electrical and non-electrical 

J applications. Size ES36 55p inc. VAT 

Econopak * 
A reel of 1.2mm 'Ersin' Multicore ^ 
solder for general electrical use. | 

Size 13A £2.99 inc. VAT . 
A reel of 3mm 'Arax' 
Multicore solder for general j 
non-electrical use. 
Size 16A £2.99 inc. VAT^ V 

f Solder Cream 
| Tacky mixture of solder powder 

and correct percentage of flux 
| for difficult to reach areas. 
I Electrical/Electronic 

('Ersin' Flux) Size BCR10 £1.38 
I Metal joining ('Arax' flux) 

Size BCA14 £1.38 
■ Stainless Steel £t Jewellery 

("Arax Flux) Size BCA16 £2.04 
\ (All prices inc V.A.T,I 

•mo 

• •• Hi keeps it playing 

/ri 
Cassette 

Editing Kit 
Make editing simple with the 

Bib splicer, tape cutter and 
splicing tape, 

with 6.3mm adaptor. 
Ref 56 £2.65 inc. VAT 

USA Pat. No. 4067563 (splicer) 
Brit. Pat. No,, 1507583 

Brit Pat. No, 1258280 (method of splicing) 

Groov-GuardXL-2 
Anti-static liquid and record 
preservative. 
Following years of research. Bib 
laboratories have developed Groov- 
Guard XL-2, Anti-static Record 
Preservative. When applied to the 
record, eliminates static charge for 
the expected life of the record. 
Another advancement with Groov- 
Guard XL-2 is that it reduces the 
frictional wear of the record surface 
thus giving extended life. Safe pump 
action dispenser. Non-flammable 
Non-toxic. 
Ref. 27 £2,48 inc. VAT 

All prices shown are recommended retail, inc. VAT. 

BiD 

In difficulty send direct, plus 20p P & P. 
Send S.A.E. for free copy of colour 
catalogue detailing complete range. 
Bib Hi-Fi Accessories Limited, 
Kelsey House, Wood Lane End, 
Hemel Hempstead, Herts., HP2 4RQ. 

Groov-Kleen 
Automatic 
Record Cleaner 
For single-play turntables. Removes 
harmful dust to protect records and 
stylii. Finished^in chrome, bright 
anodised aluminium and shiny black. 
Ref, 42. £2.99, inc. VAT 

Record 

Valet 
Soft bristles on leading edge remove 
dust and humid velvet pad collects 
particles. This advanced cleaner is 
engineered in a fine shiny black finish 
and is.supplied with dust cover and a 
22ml. bottle of anti-static cleaner. 
Ref. 47 £3.29 inc. VAT 

Cassette 
Fast Hand 
Tape 

Winder . 

' 

The Bib Cassette Fast Winder enables 
you to wind tape in one cassette whilst 
you are listening to another cassette. If 
you have a battery recorder, always use 
the Fast Winder to save the high 
battery consumption when fast 
winding. It winds a C.90 cassette in 60 
seconds - faster than most recorders. 
Ref. 78 £1.59 inc. VAT 

Tape Head Maintenance Kit 
Everything necessary for cleaning heads, 
capstan and pinch wheel on all types of 
recorders. 
Cleaning and polishing pads, cleaning 
liquid and brush inspection mirror included, 
Ref 25 £2.35 inc. VAT 

Brit. Pat. No. 1485069 

WW—004 FOR FURTHER DETAILS 


