Austratia §A1.25
Canada $1.75
Denmark Kr.11.00
Germany Dm.4.50
Greece D1.47.00
Holland Df1. 4.50

Italy L. 1100

New Zealand $NZ1.50
Norway Kr.11.00incl. moms
Singapore M $3.25
Spain Ptas, 80.00
USA s165
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The better value box
for mobile radio servicing;

MODULATION MONITOR SIGNAL GENERATOR
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By combining all mobile radio servicing
instruments in one portable unit, Marconi
Instruments’ Mobile Radio Test Set, TF 2950,

streamlines your testing and servicing operation.

And it is realistically priced.

Signal generator, a.f. voltmeter, modula-
tion monitor, power meter (in-line and
absorption) and a.f. oscillator are housed in a
compact and robust cabinet - measuring only
315 mm high, 420 mm wide and 230 mm deep,
and weighing only 16 kg.

TF 2950 is suitable for all a.m./f.m.mobile
radio equipment and is available in anumber

of versions to cover a wide frequency range.

For maximum convenience, the equip-
ment operates from internal, rechargeable
batteries or mains. A battery state meter is
incorporated.

Marconi Istruments’ TF 2950 gives you
single-handed portability to meet all your
mobile test needs.

Put it to the test.

Write or telephone for a full technical
description and, if this whets your appetite
further, we will be happy to arrange a
demonstration.

mi MARCONI INSTRUMENTS

Marconilnstruments Limited - Longacres - St. Albans - Hertfordshire - England AL4 OJN - Tel: (0727) 59292 - Telex: 23350
Marconi Electronics Inc - 100 Stonehurst Court - Northvale - New Jersey 07647 USA - Tel: (201) 767-7250 - Twx: 710-991-9752
Marconi Instruments - 32 avenue des Ecoles - 91600 Savigny-Sur-Orge - France - Tél: 996.03.86. - Télex: 600541.F
Marconi Messtechnik GmbH - 8000 Mtichen 21 Jérgstrasse 74 - West Germany - Tel: (089) 58 20 41 - Telex: 5 212642

A GEC-Marconi Electronics Company
wWw--001 FOR FURTHER DETAILS
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Front cover shows magnetic pattern
on tape in a Racal Thermionic in-
strumentation recorder. Photo-
grapher Paul Brierley

IN OUR NEXT ISSUE

Basic radiotelescope.
General purpose in-
strument for demon-
stration or specific ob-
servation. Operates as a
phased switched inter-
ferometer.

Linsley Hood cassette
deck. Postscript to the
original 1976 articles:
ways to improve the
signal-to-noise ratio.

Microwave hybrid inte-
grated circuit. Processes
and devices used and
examples of m.i.c. sub-
assemblies currently in
use.

Current 1ssue price 40p, back issue
(if available) 50p. at Retail and
Trade Counter, Paris Garden, Lon-
don SE1.

By post, current issue 55p, back
issues (if available) 50p, order and
payments to Room 11, Dorset
House, London SE1 9LU.

Editorial & Advertising offices:
Dorset House, Stamford Street,
London SE1 9LU.

Telephones: Editorial 01-261
8101 Advertising 01-261 8339
Telegrams/Telex: Wiworld Bis-
nespres 25137 BISPRS G. Cables
Ethaworid, London SE1.
Subscription rates: 1 year £7.00
UK and overseas ($18.20 USA and
Canada). .

Student rate: 1 year, £3.50 UK
and overseas ($9.10 USA and Ca-
nada).

Distribution: 40 Bowling Green
Lane, London EC1R ONE.
Telephone 01-837 3636.
Subscriptions: Qakfield House,
Perrymount Road, Haywards
Heath. Sussex. RH16 3DH.
Telephone 0444 59188. Sub-
scribers are requested to notify a
change of address.

USA mailing agents: Expediters of
the Printed Word Ltd, 527 Mad-
ison Avenue, Suite 1217, New
York, NY 10022. 2nd-class postage
paid at New York.

IPC Business Press Ltd, 1978

ISNN 0043 A-

ibpa [ABC]

R —
Inteendiondl Busness Wy o LAty
Peer Acst ares
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world
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JANUARY 1978 VvOL84 NO 1505

27 Testing time for the video disc

28 Traffic information broadcasting
by S. M. Edwardson

33 News of the month
Hitachi — Godsend or Trojan Horse?/ Satellite wargames / Digital tape standards

37 Topics from the Radar 77 conference
by R. Ashmore

39 New integrated circuit for f.m. receivers
by L. R. Avery

42 Letters to the editor
Controls for the aged/Audible amplifier distortion/ Logic design

46 Radio on the flight deck
by A. Bramson

53 Audio power amplifier design
by P. J. Baxandall

58 Circuit ideas
Touch-tune for f.m. receivers / Analogue divider and multiplier / Trigger circuit for
c.d.i. systems

63 Wiring by touch
by Peter H. H. Jones

65 Literature received /78 World of amateur radio/ 79 New products/
82 Sidebands by 'Mixer’’

66 The maximum power transfer theorem
by S. W. Amos

68 Fuses for the protection of electronic equipment
by R. A.W. Connor

71 Teletext decoder modifications
by R. T. Russell

75 Microcomputer design — 3
by C. D. Shelton

124 Appointments vacant

136 Index of advertisers
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innings specify Ferranti.

Ferranti circuit board edge connectors are known for
their staying power. They're designed for a far higher number
of insertionsand withdrawals than you're likely tomake. They
need to be, so that you can rely on them throughout their
working life.

You'll {ike our other design features too. Low force
springcontacts. Gold flashor full gold platingon thecontacts
as you wish. Terminals for wire wrapping or soldering. Many
options; pitches of .100” (2.54mm)—modular connector,
150" (3.81mm), .156" (3.96mm) and .200” (5.08mm).

Contact: Connector Sales, Ferranti Limited,
Professiona! Components Department, Dunsinane Avenue,
Dundee DD2 3PN, Scotland.

Telephone: 0382 89321 Telex: 76166

Distributors: Giltech Components Ltd., 22 Portman Road,
Battle Farm Industrial Estate, Reading, Berks RG3 1ES
Telephone: 0734 582131

FERRANTI

Connector Capability

WW — 080 FOR FURTHER DETAILS
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LEVELL

LOW COST
OSCILLATORS

FREQUENCY 1Hz to 1MHz in 12 ranges.
0 to 1% fine control on TG200DMP.

ACCURACY *+1.5% *0.01Hz up to 100kHz
*2% up to TMHz.

SINE OUTPUT 7V r.m.s. down to <200pV with
Rs=600%2.

DISTORTION <0.05% from 50Hz to 15kHz,

0.1% from 10Hz to 50kHz, <0.2%

from 5Hz to 150kHz, << 1% at 1Hz
and 1MHz.

SQUARE OUTPUT TG200D, DM & DMP only. 7V peak
down to <<200uV. Rise time < 150nS.

SYNC. QUTPUT  >1Vr.m.s. sine in phase with output.

SYNC. INPUT + 1% freq. lock range per volt r.m.s.

METER SCALES  TG200M, DM & DPM only. 0/2V,
0/7V & —14/+6dBm.

SIZE & WEIGHT 260 x 130 x 180mm. 4.3kg with

batteries.

TG200 TG200D TG200M TG200DM TG200DMP

£75£79 £91 £95 £99

CY Hz to 300kHz in § decade ranges.
FREQUENCY 0.2Hz t0 1.22MHz on four decade FREQUEN 3zt ‘! eeace g
controls ACCURACY +2% *+0.1 Hz up to 100kHz,
ACCURACY +0.02Hz belosw 6Hz increasing to * 3% at 300kHz.
+03% f to 100kH
. ?2 o e ., SINE OUTPUT 2.5V r.m.s. down to < 200pV.
+39% above 300 kHz. DiISTORTION <0.2% from 50 Hz to 50kHz.
SINE OUTPUT 5V r.m.s. down to 30uV with Rs=600Q. SQUARE OUTPUT 2 5V peak down to <200uV.
DISTORTION +<20.15% from 15Hz to 15kHz SYNC. O )
<0.5% at 1.5Hz and 150kHz. NG, QLU 25Vrms sine.
METER SCALES 2 Expanded voltage &—2/+4dBm. METER SCALES 0/2.5V &-10/+10dB on TG152DM.
SIZE & WEIGHT 260mm x 190mm x 180mm. 5 6kg. SIZE & WEIGHT 260mm x 130mm x 180mm. 3.4kg.
TG66B TG66A TG152D TG152DM
Battery £I 95 Mains & £2 I 0 Without £59 With £75
model battery model ) meter meter
LEVELL E LECTR O N ICS LTD. Prices are ex-works with batteries Camage and packing extra. VAT
. extra in U.K. Optional extras are leather cases and mains power
_’F/é(l)xgq _itgege%OHZI%I} 4!\3281?6 8HGer'(S. EN5 58D units. Send for data covering our range of portable instruments

WW—023 FOR FURTHER DETAILS
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F.M. TUNERS, .
MODULES & KITS by core cdig 7

This tuner must surely provide the best value for money
available today. Combining the best of the modules shown
below, 1t includes a full digital readout of frequency to a
resolution of 0.1 MHz, so that exact station identification can
be made. In addition, six pre-set stations may be selected by
u‘;—rwgdm\ loug;h controls having internal solid state lamps. while manual
tuning allows easy searching for distant stations under the
guidance of the digital meter

A switchable mute system allows reception of the weakest
stations while muting Inter-station noise and spurious
responses. Perfect reception Is assured by not permitting any
station to be heard which 1s far enough out of tune to cause
distortion. The tuning indicator lamp provides a means of very
fine tuning, and i1s automatically extinguished between stations
A powerful A.F C system is also incorporated which holds all
stations In tune, while not preventing manual tuning.

Good stereo reception is assured by the use of a phase locked
decoder with full “birdie’ and spurious output filtering

Finally, but not least, the external appearance and styling bring

Tuner Kit a fresh new look to Hi-Fi. The sturdy wooden cabinet is finished
’ In mat teak veneer, housing an attractive gold and brown
T2TOUCH TUNED ............. £121.00 £109.00 anodised alumimium front panel, which carnes black controls
T3 DIGITAL (AS SHOWN) ........ £149.00 £139.00 and inscriptions The indicator lamps and digital displays are in
red, giving the finishing touches to a tuner you will be proud to
own. .
P -

MAIN RECEIVER MODULE M1

We have claimed before that this F M system I1s the most advanced on the
market, and after nearly three years we repeat our claim. Some have borrowed
ideas, some have not, but no other tumer gives you all the features of this unit
How many tuners mute the spurious tuning effects found at either side of a
correctly tuned station? How many tuners fade the sound out as you tune too
far off station for good quakity sound? How many tuners kill the tuning indicator
so that 1t does not indicate when there i1s no station there? How many offer you
drift free tuning? We could go on If you want a tuner that has been well
thought out and engineered, start with this module

T M T £27.95
APANL L MODULE £29.95

DIGITAL FREQUENCY METER M6

We are very proud of this one We don't have 1o say it's the best, as far as we know
it's the only one! On a board less than 4’ square 1s all the electronics of a stable
counter with 1 f offset (added) and a stabilized power supply! With the aid of a
small daughter board (not shown) which fits neatly into the above module (M1}, the
exact station frequency i1s displayed to the nearest O 1 MHz It's a tuning scale 20"’
long with accurate calibrations every O 1! You get the transformer, daughter
board (ready wired in}, polarized filter, and a list of station frequencies What more
do you want?

M6
MODULE ONLY
£44.40

TOUCH TUNE MODULE M5

This module must put the finishing touches to an outstanding combination Six pre-set
stations at the touch of a button. No moving parts to go wrong, or contacts to get dirty
internal illumination shows you which button has been touched. while the tuning
adjustment 1s made using high reliability multi-turn cermet pots for repeatable selection
of the most used stations, yet retaining the use of separate manual tuning This module
interfaces directly with the M1 above. being wired between the board and the normal
manual tuning control. A touch of sheer genius!

M5
MODULE ONLY

N £17.54
FULL CABINET/METALWORK KIT ™
{Including all Nuts and Bolts, Plugs and Sockets, etc.) £28.16

ORDERING INFORMATION

All U K orders post free plus 12 5% VAT Export orders allow extra for
postage at cost, no VAT due credit will be refunded

OTHER MODULES etc.

M2 Stereo decoder . €8.36 kit £684 R A :Aag“ee:]c‘.by sterhng chegue on London bank or cred:t card International
M4 Power supply . £6.93 kit £6 49
SL1310 drecol()ﬁl;rylc o £1.95 I Other tems and kits available send for hustrated leaflets price list and
TBA750 f.m 1.1, . £1.55 order form, etc (inc 50p armail overseas) from
20v regulator IC . £1.50
LP1186 front-end a £8.53
Filter, SFJ10:7MA . £1.55 X
7 segment L.E.D. {c/2) £1.99 (94 (2 &4
Descriptive booklet . .. £0.50 (£1.50 export)
33 Restrop View
ALL PRICES + 12.5% VAT, U.K. ONLY -Purton, WILTS

SN5 9DG

www americanradiohistorv com
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STABILIZE

CINTEC LT0

3

* 500VA OR 250VA
* SOLID STATE

* HIGH STABILITY
* ROBUST

* VERSATILITY

* RELIABILITY

* SINUSOIDAL

Reliable Frequency & Voltage Stabilization

The efficent operation of sophisti-
cated electrical and electronic equip-
ment IS, in many instances, depen-
dent upon an electrical supply which
ts stable in both frequency and vol-
tage.

In many countries and even in
the United Kingdom during periods
of heavy demand, the variation in the
frequency and voltage is sufficient to
introduce errors and the malfunction
of such items as Recording equipment
etc. Likewise, in certain areas. the
only source of supply is from a
Generator, the output of which can
vary considerably when different
loads are imposed. This has precluded
the use of a wide range of equipment
in many countries. Voltage Stabilizers
are readily available but these do not
stabilize the frequency of the supply
which, in many instances, is essential.

FREGUENCY ano VOLTAGE
O POWER SUPPLY

A
ity @ Y oy

S

FUSES |

54 230¢
e a0

The CINTEC FREQUENCY &
VOLTAGE STABILIZER provides
the answer to both these problems

When the supply frequency is fluctuating
wildly, between 45Hz and 65Hz and the vol-
tage by more than 10% the output from the
Stabilizer will not vary more than .01% from
50Hz or 1% in voltage. even when different
loads are imposed.

Used by Government establishments, oil
rigs. hospitals. police, video and electronic
industry, shipbuilders etc, for a wide range of
applications including video systems. medical.
frequency conversion, navigational aids and
sound recording systems.

The CINTEC FREQUENCY & VOLTAGE
STABILIZER is also available for supplies of
100-125 volts, 45-65Hz with an alternative
output of 50Hz or 60Hz at 115 volts or 230
volts and as a dual frequency model with a
switchable output of 50Hz or 60Hz

The Stabihizer may also be used as a frequency
converter. For example, the supply to i1t can be
any frequency between 45-65Hz and the
output can be switched to either 50Hz or 60Hz

Name _

Applications for the use of CINTEC
FREQUENCY & VOLTAGE STABILIZER are
more numerous than can be hsted Therefore, if
you have a supply problem, contact CINTEC
LIMITED whose engineers will be only too
pleased to assist

SPECIFICATION

INPUT 100-125 voits or 200 250 volts at
45 65H:

OUTPUT 115 voits or 230 volts

RATING 500A Or 250VA

STABILITY Vltage - 1% No load to full load —

Frequency = 0 01% No load to full load

FREQUENCY 50Hz or 60Hz Single or dual
Versions

WAVEFORM SINUSOIDAL

DISTORTION 2%

AMB TEMP —20 10 +40C

DUTY Cuntinuous

DIMENSIONS 432 (W) x 196 (H) x 508mm D)
(17 x 7%’ x 20"

WEIGHT 45 ur 30Kg unpacked

CONSTRUCTION
TERMINATION

Cabinet or rack mounting

Cannon Connectors at rear of case
(in catalogue)

24V DC Inverter

In addition to the A C operated models, a 24v
D C INVERTER Stabilizer 1s available which
operates from a heavy duty 24 volt battery and
has output ratings similar to the A C models.
This type of Stabilizer 1s particularly suitable for
mobile operation

Detarled Specification and Brochure  Available Post Coupon or Telephone, /Telex I

Position__
Company
Address

CINTECLTD !

Wandle Way, Mitcham, Surrey CR4 4NB. England. Telephone: 01-640 2241 Telex: 946177
L_—————————————————

WW—005 FOR FURTHER DETAILS
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BIMCONSOLES
BIVIBOXES MINI DESK BIMCONSOLES

Moulded in Orange, Blue, Black or Grey
ABS and incorporating guides on all sides
BlM BDARDS for holding 1.5mm thick pcb’s. 1mm Grey
3 Aluminium panel sits recessed into front of
console and held by screws running into
BlMDnl LLS integral brass bushes. Stand-off bosses in
base for supporting small sub-assemblies
BIVIDICATORS . (o o
rubber feet also in-
cluded.
BIM 1005
(161x96x58mm}
£197*
ABS & DIECAST BIMBOXES BIM1006
{215x130x75mm)
£2.70*

5 sizes, in either ABS or Diecast Aluminium

ABS moulded in Orange, Blue, Grey or Black
Diecast Aluminium available in Grey Hammertone
or Natural

All boxes incorporate guides on all sides for holding 1.5mm thick pcb’s and

{LOW PROFILE BIMCONSOLES

1mm Grey Alumi-

nium panel  sits

recessed into front

of console base,

which is moulded in
% Orange, Blue, Black
“ or Grey ABS and
- sits on 4 self adhe-
sive rubber feet. Incorporating guides
for holding 1.5mm thick pcb, the base also
has stand-off bosses for supporting small
sub-assemblies etc. and ventilation slots.
Front panel is held by 4 screws which run
into integral brass bushes.

BIM6005 (143x105x55.5(31.6} mm)} £2.14*

)Y

stand-off bosses in base for supporting small sub-assemblies etc. Close fitting QMGCOG(143x170x55.5[31,5] mm) £2 7y
5

flanged lids held by screws running into integral brass bushes {ABS) or tapped
holes (Diecast).

BIM6007 (214x170x82[31.5] mm) £3.75*

ABS Diecast Hammertone Natural
(100x50%x25mm) BIM2002/12 £0.87* BIM5002/12 £1.20* £0.97*
(112x62x31mm) BIM2003/13 £0.97* BIM5003/13 £1.50* £1.20*
(120x65x40mm) BIM2004/14 £1.05* BIM5004/14 £1.86” £1.49*
(150x80x50mm)  BIM2005/15 £1.18* BIM5005/15 £2.38* £1.91*
(190x110x60mm) BIM2006/16 £1.84* BIM5006/16 £3.41* £2.85*

Also available in Grey Polystyrene (112x61x31mm) with no slots and self tapping

screws BIM2007/17 £0.82*

ALL METAL

BIMCONSOLES

MULTI-PURPOSE BIMBOXES

Moulded in Orange, Blue, Black or Grey
ABS with 1mm thick Grey aluminium tfici h
recessed front cover which is retained by | efficient cooling.

4 screws running into integral brass bushes. Colour Code Top Panel Base
1.5mm pcb guides are incorporated on all A A Off White Blue
sides and as with ail ABS boxes they are B Sand Green
85°C rated. 4 self adhesive rubber feet o c Satin Black ~ Gold
also included.

BIM 4003 (85x56x28.5mm) £1.13*
BIM 4004 (111x71x41.5mm) £1.42°
BIM 4005 (161x96x52.5mm) £187*

All aluminium, 2 piece desk consoles with either 16° or 30° sloping fronts, sit on
4 self-adhesive non slip rubber feet. Ventilation slots in base and rear panels permit

15° Sloping Panel

BIM7151 (102x140x51[28] mm) £ 9.43
BiM7152 (165x140x51(28) mm) £10.43
BIM7153 (165x216x51({28] mm) £11.42
BIM7154 {1656x211x76[33] mm) £12.39
BIM7155 (254x211x76[33)mm}) £13.66
BIM7156 (254x287x76[33] mm) £14.65
BIM7157 {356x211x76[33) mm} £15.80
BIM7158 (356x287x76{33]mm) £16.78

30° Sloping Panel

BIM7301 (102x140x76[28] mm) £ 9.43
BIM7302 (165x140x76[28] mm) £10.43
BIM7303 (165x183x102[28] mm) £11.42
BIM7304 (254x140x76[28) mm) £12.39
BIM7305 (254x183x102[28] mm) £13.66
BIM7306 (254x259x102[28] mm) £14.65
BIM7307 (356x183x102[28] mm) £15.80
BIM7308 (356x259x102(28] mm) £16.78//,!

BIMDRILL - ™. Bimboards accept all sizes of DIL packages

Operates directly as well as resistors, diodes, capacitors and

from 220-240Vac : LED's etc. They have integral Bus Strips

and supplied with ‘ running up each side for carrying Vcc and

2 metres long cable | ground as well as Component Support

fitted with 2 pin | Brackets for hoiding lamps, fuses and

DIN plug. Will 1 switches etc. Available as either single or

drill brass, steel and - { multiple ynits, the latter mounted on

aluminium as well as pcb's etc. Has integral 1.5mm thick, matt black aluminium back

biased-off switch and accepts toolswith 1,2 - | plates which stand on non slip rubber feet

and 3.2mm dia shanks £9.72* {1 and have 4 screw terminals for incoming
Accessory Kit including Tmm, 2mm, .125"" § | power.

twist drills, 5 burrs and 2.4mm collet £2 204/3 1 Bimboard 1 contains 500 individual sockets

/' whereas the multiple units containing 2,

3 or 4 Bimboards incorporate 1,100, 1,650

or 2,200 individual sockets, ail arranged

12 VOLT BIMDRILLS on a25mm{0.1"") matrix.
2 small but powerful 12V dc drills, easily .. Bimboard 1 £ 9.72* Bimboard 2 £22.68"

DiL COMPATIBLE BIMBOARDS

"BIMDICATORS

RN \
Remember we are “\
also one of Europe’s
largest manufacturers
of Filament, Neon
and LED indicators.
Send for our

held in hand or used with lathe/stand % Bimboard 3 £32.40* Bimboard 4 £42.12* - mORS At G A\ BIMDICATOR DAZ;{

adaptor. Both drills have integral on/off

switches and 1 metre long cable.
Mini Bimdrill with 2 collets up to 2.4mm

capacity £7.56*
Major Bimdrill with 3 /
collets up to 3mm
capacity £12.96* ‘ .
Mains to 12 Volts :

adaptor, lathe, stand X :

*All quoted prices are 1 off

and include Postage, ~
Packing and VAT. Terms

order uniess you have

R LAN NUSTH Maummas MITED oo

2 Herne Hill Road, London SE24 0AU.

Telephone: 01-737 2383

Telex: 919693 Answer Back ‘LITZEN G’

authorised BOSS account.
For individual data sheets

on all BOSS products
send stamped, self

Cables & Telegrams: ‘LITZEN LONDON SE24° addressed envelope
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If you use IMO or OMRON relays, you certainly
know about the exceptional reliability and
performance of these remarkable devices.

What you may not know is that our reputation
for switches is just as impressive.

The range covers: Limit Switches—New multi-
plunger, metal enclosed and
turret-head types.
Photoelectric Switches
Subminiature, metal enclosed
and the unique bicolour switch.

Plus Proximity Switches—-Anew
range covering AC/DCtypes to
DIN standards.

MO and OMRON products are compatible all
along the line, which should gladden the heart of
circuit designers everywhere. They are always
available ex-stock at highly competitive prices-
which will make buyers happy too.Plus of course,
IMO's helpful and unmatched service. All of which
we hope you'll find most impressive.

IMO. There's more to us than you may know.

IMO Precision Controls Ltd, 349 Edgware Road,
LondonW.2. Tel: 01-723 2231.

Something of interest if you're
impressed with our relays.

Limit Switches Photoelectric Switches Proximity Switches
wama - s r :s@.v g e Ry o e % 8 BN R dg

i
A i
A %

:
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<
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PLASTIC FASTENERS

FOR ELECTRONICS

SELF-ADHESIVE CABLE CLIPS are a quick
and simple means of securing cables, cords and
small looms to flat surfaces. No drilling or
fixing screws necessary. The peel-off backing is
V removed immediately before placing the clip.

l N S| ST 0 N The coating adheres to most clean, fiat surfaces
and withstands a wide range of humidity and

temperature. Cable clips are mouided in natural
nylon and have rounded edges to prevent
damage to the cables.

v E R SATO w E R CABLE STRAPS are semi-permanent fasteners

for strappihg wires and cables into tight,
compact looms. The ratchet fastener is adjust-
able and can be released by pinching-in the
sides of the fastener head. Cable straps are
made from black nylon.

WIRE TIES are a flexible means of fastening
wires and small cables into orderly, compact
looms. They are quick and easy to fit and can be
re-used, greatly reducing re-looming times.
Wire ties are made from nylon and are available
in various sizes each determined by a different
colour.

” The P.C. BOARD GUIDE is a self-retaining
edge support for printed circuit boards. It has
good panel retention and grips p.c. boards
firmly and securely. The guide is available in
two types of material - yellow acetal or grey
Noryl, for high temperature and voltage appli-

BY PROFESSIONALS —
FOR PROFESSIONALS

. cations.
Designed for Wind Speeds from 85 P.C. BOARD SPACERS are simple to fit, one-
m.p.h. to 117 m.p.h_, conforming @ piece mouldings for use with p.c. boards. They

. have a self retaining shank for fastening into
with CP3 Chapter V, part II. panels and a T-shaped anchor for securing p.c.
boards of 0.062" thickness. They have good

N . . resistance to vibration and are suitable for
Firstin the field with a fully * board-to-board or board-tochassis use. 4
interchangeable (versatile) P.C. BOARD STAND-OFFS are quickly assem-
telescopic, tilt over, tower system. bled, self-retaining panel supports for p.c. o)
Acclaimed as the world leader in the boards. Made from natural (off white) nylon and -
field of . . ‘d have good resistance to vibration. Suitable for :

.'e _0 commumcauons an . panels up to 0.079" thickness. Stand-Offs accept \é‘/
lighting, both static and mobile. a No. 4 self-tapping screw. 4

»f PLASTIC RIVETS fasten panels, fittings and

name plates to metal plastic and wood. Resilient
enough to fix into brittle materials like fibre-
glass, hardboard and glass. ‘Shank, head and
pin are one piece. Fixing is by driving the pin
through the head into the space between the
tegs, gripping the work.

Since the launching of the
Versatower system early in 1968
we have operated a continuous
development and applications

programme. Consequently from
inception right thro DRIVE FASTENERS hold two or more panels
eption rig ugh to the together. Easily fixed, normally by thumb

present day, detail design, materials pressure. No special tools required. Boat-
used and production techniques shaped DRIVE Fasteners are for panels of thin

W\MWD{MXMM\J/T | P A P |

m c i and medium thickness and are removable.
é _e}h'ployedle_l(rje_ patlnually ll.{pdated. Ribbed Drive Fasteners are used in biind holes
X, IS couple hW't our qua 't?; where hole length exceeds lergth of shank.
[— ?nszﬁ]r;?ﬁi:g '::;;an(s):rfs Wl Ut PLASTIC HOLE PLUGS are quick, inexpensive
- position we means of plugging unwanted holes. Hole Plugs
enjoy today. keep out dust, dirt and moisture. Attractively
shaped heads give a neat finish. The snap action

' o grip of the Hole Plug makes a vibration resistant
With many thousands of satisfied seal. Hole Plugs are made from nylon and are*

users throughout the world, * non-corrosive.
coupled with our no nonsense LOKUT ANCHORS are used to strengthen

guarantee and immediate spares holes by providing additional* screw thread
engagement in materials where self-tapping

availability, it makes little sense to screws would be unsatisfactory. Made from
settle for an alternative product. high strength nylon and used in insulation, and A
‘electrical chassis work. Easily fitted by hand “;’/

1000's OF OTHER TYPES OF PLASTIC ‘
AND METAL FASTENERS
STRUMVIECH P‘ LEAFLETS ON REQUEST

VERSAIOWER | HARMSWORTH

SYSTEM @ HARMSWORTH, TOWNLEY & CO.LTD.
HAREHILL TODMORDEN LANCS OL14 5JY

L—Phone TODMORDEN 2601 (STD 070-681 2601)_J

WW—019 FOR FURTHER DETAILS
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in a modern world of electronics

AUDIO MIXER

A superb stereo audio mixer. It can be
equipped with up to 16 input modules of your
choice and its performance matches that of the
very best tape-recorders and hi-fi equipment.
It meets the requirements of professional
recording studios. FM radio stations. concert
halls and theatres. Fult construction details in
our catalogue. A component schedule is
available o1 request.

10-GCHANNEL STEREO
GRAPHIC EQUALISER

A new design with no difficult coils to
wind, but a specification that puts it in
the top-flight hi-ti class. All this for
less than £70 including fully punched
and printed metalwork and woodwork.
Send for our component schedule now.
Full construction details price 40p.

SWITCHES

PEDAL UNIT

We stock a wide range of switches including
areally low-priced high quality interlocking
push-button  switch system which s
extremely versatile. We've got toggle
switches. slide switches. push switches.
rotary switches — there are dozens to
choose from. but it's only a tiny part of our
fantastic range.

S ul-‘lr' :

=4

-

A completely self-contained pedal unit,

13-note. 2-octave range 4 organ stops. It
can be added to any organ. A really
unusual extra is the bass guitar siop
which uses four envelope shapers to give
a real bass guitar sourd. A must for the
solo guitarist. Full construction details in
our catalogue — post the coupon below

APLIN CATALOGUE'S’
WORTH HAVING??

“in our ‘musts” for readers-to-
collect Jist” — P.E.

“gontains . . . just about everything the DIY
electronics enthusiast requires.” — P.W.
“probabty the most comprehensive catatogue
we have ever come across.” — E.E.

“has been carefully prepared and is very well
presented.” — R.E.C.

“make the job of ordering components an
easy. accurate and enjoyable pastime.” — P.W.
“only one word describes the publication
— superb!” — E.T.L
OVER 60.000 COPIES SOLO
OON'T MISS QUT! SEND 60p NOW
MAPLIN ELECTRONIC SUPPLIES
P.0. Box 3. Rayleigh. Essex SS6 8LR
Telephone: Southend (0702) 715155
Shop: 284 London Road
Westclift-on-Sea. Essex
[Closed on Monday)

Tetephone: Southend
(0702) 715157

g

4
4

SYNTHESISER

The International 4600 Synthesiser. A very
comprehensive unit. Over 400 sold. We stock
all the parts costing less than £500 including
fulty punched and printed metalwork and a
smart teak cabinet. Far less than half what
you'd pay for a ready made synthesiser of
equal quality. Specification on request, full
construction details in our construction book

Our  bi-monthly newsletter
keeps you up to date with latest
guaranteed prices — our latest
special offers — details of new
projects and new lines. Send
30p for the next six issues [Sp
discount voucher with each

copyj.

‘--_-
SN

POST THIS COUPON

NOW FOR YOUR COPY OF OUR CATALOGUE

PRICE 60p

Please rush me a copy of your 216 page catalogue.

I enclose 60p. but understand that if | am not completely
satisfied | may return the catalogue to you within 14 days
and have my 60p refunded immediately.
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YOU’\/E AFIFTY~-FIFTY CHANCE OF
FINDING ABETTER AMPLIFIER.

o

RAML Lfys Ty pewer amplifies

o G e ot

& AEDITRONICS ~.J

Here it is. it gets its name from its versatility

Viz:

2 x 14 volts unbalanced into 4 ohms.

2 x 50 Volts balanced line outputs into 50
ohms for 2 x50 watts.

2 x 100 Volts balanced line outputs into
200 ohms for 2 x 50 watts.

Or combine outputs for 100V, 50V balanced

line outputs into 100 ohms and 25 ohms
respectively for 100 watts.

It is tolerant with a sensitivity of 65 mV per

channel and a maximum input of 1V without
increased distortion, the level fed to the audio

power amplifiers being controlled by the user
volume controt.

It gets its long life from its sensible design and
rugged construction and it gets orders from those
who'd buy Reditronics rather than take chances.

AA 112 Fifty-Fifty Audio Amplifier

¥ REDITRONICS

REDIFFUSION REDITRONICS LTD.

La Pouquetaye, St. Helier, Jersey Tel: (0534) 30321 Telex 41341
A member company of the Rediffusion Organisation.

Total systems capability

WW — 055 FOR FURTHER DETAILS

HIGH POWER DC
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The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in
Industrial, and Research applications in this country. It is DC-coupled throughout so providing a power
bandwidth from DC to over 20.000Hz.The ability of the DC300A to operate without fuss into totally
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex
waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration

of this fine equipment please let us know.

DC-20kHz « 150 watts | 1db
500 watts rms into 2.5 ohms

Power Bandwidth

Power at clip point {1 chan)
Phase Response

Harmonic Distortion
Intermod. Distortion
Damping Factor

Hum & Noise {20-20kHz)
Other models in the range: D60 — 60 watts per channel

Below 0.05% DC to 20kHz

Macinnes House, Cariton Park Industrial Estate

+0. —15 DC t0 20kHz. 1 watt 82

Below 0.05% Q.01 watt to 150 watts
Greater than 200 DC to 1kHz at 82
At least 110db below 150 watts

COUPLED AMPLIFIER

UP TO 500 WATTS RMS FROM ONE CHANNEL
DC-COUPLED THROUGHOUT
OPERATES INTO LOADS AS LOW AS 1 OHM

FULLY PROTECTED AGAINST SHORT CCT,
MISMATCH, ETC.

3 YEAR WARRANTY ON PARTS AND LABOUR

Odb Slewing Rate
Load impedance
Input sensitivity
Input Impedance
Protection
Power supply
Dimensions

8 volts per microsecond

1 ohm to Infinity

175 V for 150 watts into 842

10K ohms to 100K ohms

Short. mismatch & open cct. protection
120-256V. 50 -400Hz

19" Rackmount, 7 High. 93" Deep

D150A — 150 watts per channel
Other models available from 100 watts to 3000 watts

MACINNES LABORATORIES LTD.

MAGINNES FRANCE

18 Rue Botzaris
Paris 75019, France

Saxmundham, Suffolk IP17 2NL. Tel: (01728) 2262 2615

Tel: 206-60-80 or 206-83-61

WW—062 FOR FUTHER DETAILS
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Notawinonthe pools, atripto
a Pacific paradise, or areduction
N Income tax, but distortionless
“currentdumping’.

Z's 1 to4 are the four passive
components which interconnect the
currentdumpers, (the output
transistors which supply the
power), to the small high quality
amplifier which provides the
error signal, so thatwhen the
above condition is met the
currentin the load, the loud-
speaker, is independent of the
currentin the dumpers and hence
distortion is solely dependent

on the quality of the error
amplifier, which because itis
small can be very good.

Wonderful indeed.

For further details on current ,
dumping and other Quad products
write to Dept. WW

The Acoustical Manufacturing Co..
Ltd., Huntingdon, Cambs.,

PE18 7DB Telephone (0480) 52561

“Something wonderful
happens when Z1Z2=Z,Z 1

g ~L
oy

S
” " 3K Elektor Electronics
Magazine No. 8. Dec. 1975

QUAD

for the closest approachtothe original sound
for twenty-five years
QUAD /s a Regrstered Trade Mark
WW —049 FOR F'URTHER DE FAILS
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The Allen and Heath Broadcast
Feed Forward Delay Limiter.

The only limiter that. makes it IMPOSSIBLE for a
transient peak to pass through the unit, without the use
of clipping devices. Included in its design.is a
revolutionary bucket brigade integrated circuit. This
delays the main signal path by approximately one
thousandth of a second. Thus gain reduction is fed
forward before there is any increase in the programme
jevel. The unit can be used with high powered equipment
such as broadcast units and P.A. systems. Use it too in
studios with effects units.

Try and test one at our demo. studio. Pembroke House,
Campsbourne Road, Hornsey, London N8.

Or, for more information, call Andrew Stirling at

01-340 3291.

H Allen and Heath Limited.

WW—014 FOR FURTHER DETAILS
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SALES &
W REPAIRS

Buy direct from autharised U.K. distributor

cuvour  mevac

- o - ° :
# 90 P (EowEERS ' U

Guaranteed repairs and recalibration service

Farne!l International instruments Ltd
Sandbeck Way, WETHERBY

West Yorkshire LS22 4DH

Tel: 0937 63541

Telex: 557294

WW—060 FOR FURTHER DETAILS

FREQUENCY COUNTERS

1/10 Hz to 1.2GHz
High pertormance instr t ing freq y. period. time,
freq./ratioc and calibrated output facility. Fast delivery. Specials by
arrangement.

TYPE 801B

CRYSTAL OVEN
OPTRATING MANUAL
WO TONE BLUR CASL

Sensitivity 10mV. Stability 5 parts 10.
Resolution + 1 Count

£280 250 MHz

1

301M 32MHz 5 Digit £98 401A 32MHz 6 Digit £135
501 32MHz 8 Digit £192 701A B0OMHz 8 Digit £210
8018/M 250MHz 8 Digit £280 90tm 520MHz 8 Digit £385
1001M 1.2GHz 8 Digit €670

Start/Stop versions plus £18 | memory versions available - not

suffixed M £30 extra

Type 101 1MHz 100KHz 10 KHz Crystal Standard £98
le e 103 0ff/Air Standard £98
Type 203 Low Frequency Generator £78

SUPPLIERS TO: Ministry of Defence, G.P.0., B.B.C., Government Depts., Crystafl
Manutacturers and Electronic Laboratories world-wide

R.C.S. ELECTRONICS
6 WOLSEY ROAD, ASHFORWD
MIDDX. TWI15 2RB
Telephone: Ashford (Code 69)
53661/2

WW —073 FOR FURTHER DETAILS
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Jointhe Digital Revolution

Teach yourself the latest techniques of
digital electronics o> somosm e

Di “ i C : Advanced course - 6 volumes
DIGITAL COMPUTER LOGIC & ELECTRONICS and 4

—

Computer Arithmetic

Elementary course - 4 volumes 2 Boolean Logic

L LR Conniar KOs 3 Arithmetic Circuits

2 Logical Circuit Elements 4 Memories & Counters
3 Designing Circuits to Carry out Logical Functions 5 Calculator Design

NN

Flipflops & Registers 6 Computer Architecture

This 4 volume course guides you step-by-step with hundreds  This 6 volume course is packed with information, diagrams
of diagrams and questions through number systems, Boolean  and questions designed to lead you step-by-step through
algebra, truth tables, de Morgan’s theorem, flipflops, reg- number systems, Boolean algebra, memories, counters and
isters, counters and adders. All from first principals. Theonly  simple arithmetic circuits, and on to a complete understand-
initial ability assumed is simple arithmetic. ing of the design and operation of calculators and computers,

+ 90p post and packing by surface o Prices correct at time @ + 90p post and packing by surface
£4-60 mail anywhere in the world. @of going to press. ° £7- 1 0 mail anywhere in the world.

éﬁll||IIIIIIIIIIIIIIHIIIIIIIIIIIHIIIIIIHIIIllllllllll||IIIIIIIIIIIII||||IIIIIIIIIII|I|||||I|I|I|I||||||||||I|I|I|||||II||IIIII|IIIH|||1|l||I|I|||l|||||||l|||||||||||Illlllllllllllll||||Il|I|||1|||||||||||Illllllllll||||||||||||||||||||||HIII|||\IIllllllllIIII||!II||||IIIIl|||II|I|||IIIIIII|I||!|IIHIIIIIIIIIIIII|I|||||IIIIIII|I|||||||llItIIIHlllllll(lllllllllll‘%

210¢

Although the advanced course is complete in itself and can be tackled directly by more advanced students, it is
recommened that students to whom the subject is quite new and who have no prior knowledge of a related subject
should work through the elementary course before starting the advanced course.

Take advantage ot our SPECIAL OFFER. Order £ 1 1 1 0 + 90p post and packing by surface
both courses at the same time for the bargain price of - mail anywhere in the world
saving of £1

= a .50 e
%lllllIIll|IIH|||||||||||||||I|I|I|l|||I|||I||||||||I|||I|l||||||||||||||I|I||||||l|||lllll|l|l|||ﬂl||||||||||||||||||l|||l||||||||||||l||||||||IIIIHllllIHIIHIIHHIIIIHN|l||||lﬂ|||l|||||\|||||||||||||||II||||l||||||l|l|l|l|lllII|I|||||HIllI\||||I|I||||Illll||l|IIIIIIIIIIIIIIIINIIIIIIII||||||||l|||||I||||||Il||||||||ll||\|||||||||||||lll|l||||l|l||||l|l|l§

‘_,:r.'.."v"r'." Wﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ*ﬁm DESIGNER These courses were written so that you can teach yourself
o MANAGER the theory and application of digital logic. Learning by

. . ] ENTHUSIAST self-instruction has the advantages of being quicker and
:E NEW from Cambridge Learning Enterprises

SCIENTIST more thorough than classroom learning. You work at
X h h than cl learni k

'iz , X ENGINEER your own speed and must respond by answering questions
i THEALGORITHM WRITER'S GUIDE gﬁ STUDENT on each new piece of information before proceeding to the
VRN RN AR N NN A NS next.

s Overseas customers should Q% Quantity discounts @

This book is essential to anyone who requires to ; S Laeeioa ol M 51} OF (et esS

write FLOW CHARTS & ALGORITHMS in the GUARANTEE - If you are not entirely satisfied your money will be
course of their work: design and layout, training,  refunded.

computing, wall-charts, etc. Every problem is r _____ e —_—— e —

broken down so that each factor which deter- CAMBRIDGE LEARNING ENTERPRISES, Unit 3, Freepost

mines the solution is isolated as a separate Ri ill .
question which can be answered in terms of YES ivermill Lodge, St. Ives, Huntingdon, Cambs. PE17 4BR, England

and NO. It is particularly useful in determining
the whereabouts of faults in electronic systems
and machinery. It is illustrated with many
examples, and recent developments are included.

Please send me the following books:
- . sets Digital Computer Logic & Electronics @ £5.50, P&P included.
. . sets Design of Digital Systems @ £8.00, P&P included.

.. .. Combined sets @ £12.00, P&P included.

|

|

I

.. .. The Algorithm Writer's Guide @ £3.40, P&P includ .d,
£2 95 + 45p post and packing by surface I 9 @ inelude (WW1)
. mail anywhere in the world. I

| Name ...

I Address ..
CAMBRIDGE LEARNING ENTERPRISES |
Rivermill Lodge, St. Ilves, Huntingdon I ------------------------------------------------
Cambs. PE17 48R, England |
;;‘Z"Siﬁéii'iiﬁfi?ﬁé‘; o i (D I gl:v:li%céior inland customers 10 use a stamp -— just print Freepost on

|
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Atlast . .. ... the Mast

TO SOLVE ALL YOUR ANTENNA SUPPORTING PROBLEMS

ALU-MAST

ALU-MAST TYPE 375/PSS/3

"

LISA CAN LIFTIT ... and she’s only 81!

VA NZAVEEY

S

IT'S:
SUPERB VALUE
... STRONG = .
LIGHTWEIGHT

Here, at last, is the answer to your prayers' Western's ALU-MAST s the most
adaptable system available. You can start with a basic 9m. Tower and extend ata
later date.

@ 9m Mast can be pushed upright by one man.
@ Lightweight, 3m. section weighs only 11Kg.
@ Easily dismantled and re-erected
@ Special Western interlocking section provides rigidity
@ Aesthetically pleasing design
@ Designed for export (low weight/shipping volume)
@ Guyed version available to 756m.
Available in 4 types
PSS Parallel sided self-supporting.
TSS Tapering sided self-supporting.
PSR Parallel sided reducing self-supporting
PG Paralle! sided guyed.
@ Standard types available or we will design to your requirements. ;
@ Suitable for ground, wall or roof mounting. Shipped in heavy duty export cartons. *
The most adaptable and versatile system yet, Western's ALU-MAST

FAIRFIELD ESTATE {Tel: Louth (050?) 4955/6)
wc’t‘m E'c(t‘onic’ (UN) lw LOUTH, LINCS LN11 OJH Cables: Westronics, Louth

Telex: 47388 Westronics

WW —048 FOR FURTHER DETAILS

METER PROBLEMS? | [ FOUT fmogireasons

Zettler Relays:

Zettler Relays are first class quality.
We have about 50 years experience in producing relays.
Zettler Relays are readily available
Most are availlable ex stock Harrow.
Zettler Relays are proved in practical applications.
Millions are used in our own electronic systems and products
Zettler has the night relay for most applications, e. g.

Miniature Extra
Heavy Duty Relay AZ 230

Capable of switching high power
in spite of small physical size
Contact: 1 changeover
Contact material:

Silver cadmium oxide

Rating: 3.5 kVA, 16 A, 250V AC max
Dietectric strength™ 2,5 kV rms.
Coils: 5V DC - 110 v DC

Size: 35.5x19%x30.2 mm
Printed circuit mounting.

. _ Let us help you with your switching problems.
137 Standard Ranges in a variety of
sizes and stylings available for 10-14 3
days delivery. Other Ranges and

special scales can be made to order. est 1877
Zettler UK Division
Full Information from: Brember Road - Harrow, Middx. HA2 8AS - Tel. (01) 422 0061

HARRIS ELECTRONICS (London) Zettler offers more than technology

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937

WW—016 FOR FURTHER DETAILS ) WW —009 FOR FURTHER DETAILS

wWWWwW americanradiohistorv.com


www.americanradiohistory.com

WIRELESS WORLD, JANUARY 1978

The world's most famous company in communication, the Nippon
Electric Company Ltd., Tokyo, has developed the famous NED CQ
radio amateur gears, being with regard to design, quality, reliability
and price real pace-setters for today’s communicators.

First in history of amateur radio, such a big and famous company with
more than 8O years of experience in construction of communication
facilities, made its experience available to radio amateurs around the
world.

The NEC, which has declared microwave space communication to its
speciality, knows perfectly which attributes equipments must have for
becoming bestsellers

Today we present:

NEC .ca 110 E DIGITAL

allband, HF, 300 wattstransceiver, 160 / 80 / 40 / 20 / 156 / 11 /
10A / 10B / 10C / 10D / WWYV, modes FSK USB, LSB, CW, AM

with separate 8 pole X-tal lattice filters for each mode fitted.
Further features: Side tone at CW, VOX (automatic transmit-receive’
by talking into microphone), 11 meter CB band, all channels easily’
selectable through digital counter, excellent receiver sensitivity at
extreme crossmodulation security by application for the 7360 low
noise beam, deflection mixer tube.

This feature alone makes of the NEC CQ 110 E a toprider. Fixed
channel communication on 22 channels is possible. A 60 page
manual and a high quality dynamic microphone are supplied with the
transceiver. Speaker, AC 100-235 volts and DC 13.5 volts power
supplies are built in of course.

NEC ca 301

allband HF, 3KW, linear amplifier, 160/80/40/20/15/11/
10 meter, for modern amateur communication. Two EIMAC 3-500 Z
triodes, in zero bias grounded grid application guarantee long trouble
free communication. The NEC CQ 301 can be driven by our CQ 110E
or other exciters capable of about 50-100 watts of drive. AC power
supply 100-235 volts is built in of course

RETAILERS: Do not hesitate to accept our offer. Join us in selling
these bestsellers!

Sole.distributor in Europe:

C/IZC Corp., Via Valdani 1 — CH 6830 CHIASSO—SWITZERLAND

Phone: (091) 44 26 51. Telex: 79959 CH

15

“Hlustration actual size

WW-—036 FOR FURTHER DETAILS
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The feature packed
.- general purpose iron
built to professional

'} standards for only

. £2.95+8vat)

When we introduced the Super 30 last
year tt was the best general purpose
soldering iron at its price in Britain-—it
still is, at only £2.95p. (plus 8% VAT)

The ORYX Super 30offersyou alithese
features as standard: Neon safety
light, Long life element, Iron coated
screw-on tip, Stainiess steel shaft,
Styled handle, Two minute element
change and a stainless steel clip-on
hook,

Indusinal Distributors include
Eiectroplan Ltd . Orc hard Road.
Rovston, Herts SG8 SHH

GDS (Sales}Lid 380 Bath Road.
Slough. Barks SL1 6JE

{TT Eiectronic Services. Edinburgh
Way Harlow, Essex CM20 Z2DF

Greenwood Electronics

Greenyood Electronies Pordman Road Readne RGINE
Teleztone 0730595644, Tolex $A8650

WW—018 FOR FURTHER DETAILS
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NOW AVAILABLE IN THE U.K. THE M.S.1. 6300

RUNS AT 2MHz

Ideally suitable for business, industrial and educational environments.
Overcomes all the weakness and disadvantages of existing 6800 systems
1.0. relocated, giving first 56K available to user.

CPU Board contains sockets for 4K of PROM.

Interrupt requests and non-maskable interrupts available on front panel, together with on/off and reset
System comprises:

Hardware, power supply, Motherboard and connectors. C.P.U. board and Monitor, Interface adaptor board, Serial Interface board and 8K
RAM. KIT PRICE £390.00

Ex-Works + VAT
Send SAF for further information to. STRUMEGH ENGIN EERING LTD e
a

Portland House, Coppice Side, Brownhills, Walsall, Staffs. Phone Bro 4321

WW—068 FOR FURTHER DETAILS

A. D. BAYLISS & SON LTD.
Behind this name L

there’s a lot of
real POWER!

INustrated right is a TITAN DRILL

Mounted 1n a multi-purpose stand This drill 1s a powerful tool running on 12v DC at approx
9000 rpm with a torque of 350 grm c¢cm Chuck capacity 3 00 m/m

The multi-purpose stand is robustly constructed of steel and aluminium The base and bracket are
finished 1n hammer blue

Also available for use in the stand 1s the RELIANT DRILL which s @ smaller version of the Tian
Approx speed 9000 rpm, 12v DC torque 35 grm c¢m Capacity 24 m/m

TITAN DRILL & STAND £19.50

+ 8% VAT = £21 06 + £1 P&P «

TITAN DRILL ONLY, £8.90 + B% VAT = 9 61 + 35p P&P
RELIANT DRILL & STAND £16.27

+ 8% VAT = £17 52 + £1 P&P
RELIANT DRILL ONLY £€5.22 + 8% VAT = £5 64 + 35p P&P
TITAN MINI KIT DRILL _ £14.75
Plus 20 Tools + 8% VAT = £15793 + 50p P&P
'RELIANT MINI KIT DRILL ) £12.00
Plus 20 Tools + B% VAT = £13 08 + 50p P&P
TRANSFORMER UNIT £8.55

+ B% VAT = £9 23 + 75p P&P

These are examples of the extensive range of power tools designed to meet the needs of
development engineers laboratory workers, model makers and others requining small precision
production 3ids

To back up the power tools. Expo offer a comprehensive selection of Drills Grinding Points and
other tools )

SEND STAMP for tull details to main distnibutors

A. D. BAYLISS & SON LTD., Pfera Works. Redmarley, Glos. GL19 3JU

Stockists Richards Electric, Worcester and Gloucester. Hoopers of Ledbury, Hobbs of Ledbury. D&D Models, Hereford; Bertella. Gloucester

e ———————
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iMagnum Modules

ENCAPSULATED HI-FI MODULES
FOR THE DISCERNING ENTHUSIAST

MAGNUM BOARDS — FOR THE PROFESSIONAL TOUCH

Take a Magnum CP-MC1 board, a CP-P1 pre-amp module, one switch plus 4 pots
and you have the basis of a quality pre-amp. Add a CP-TM 1 if you wish
to monitor peak loads. For comprehensive Hi & Lo Filtering and
control of stereo separation (Image Width) mounta CP-FG1
2 switches and 3 pots on a Magnum CP-MC2 board
\ A combination of these two gives 3mV sensitivity with
; . >70db S/N ratio and >40db overload
margin. Distortion is
alow 0.02%.
Magnum boards
aren’t essantial
— Just an easy way to
build the Magnum system
of your choice — you still
retain all the options.

NOISE-FREE CASSETTE RECORDINGS
The limited dynamic range of most tape recorders,
particularly cassette recorders, means noise over the
quiet passages and clipping and distortion of peak
levels. The CP-DR1 lets you record almost double
the dynamic range and rezover the programme free
of these defects

It can also be used for dynamic
range control to compensate
for programme material

and/or listening conditions

15-40 WATT AMPLIFICATION

Each CP2-15/20 heatsink contains two 15/20

watt amplifiers. One unit will give 15W/

channel stero into 8 Ohm (20W into 4 Ohm). Add another
unit and you get 40W /channel

These amplifiers are protected against overload

and short circuit conditions and also feature

thermal and reverse connection protection

Transient performance is virtually unaffected by

loading and free from overshoot and TIM

distortion. THD is typically <<0.03% @ 1 KHz.

All this adds up to a versatile and robust

amplifier of extremely ‘clean’ and ‘'musical’ performance

ZERO-PHASE SPEAKERS

These active crossovers contribute
zero phase error and are thus a ‘'must
for that ultimate speaker system
They are so easy to use (just 2 resistors
to set each crossover point) that you may
choose to use them instead of those chokes and
capacitors. Try the CP-LX1 in the WW Bookshelf
speaker (Oct. 77 p 42).

Backed by first application data and information service, 2 year quarantee; fully inclusive prices (U.K.)

Send large SAE for details of all MAGNUM AUDIO MODULES CP-LX2-P CP-LX2 set to your choice of frequencies ... . ... .. £16.29
DP-P1 Stereo Pre-Amplitier .. ... ... ... . . . . .. . £14.96 CP2-15/20 Stereo Amplifier Module ... ... .. .. .. . .. . . . .. £14.46
CP-FG1 Audio Function Module .. .. .. . .. . . . . . .. . . . . £13.22 CP-AR1 Voltage Stabiliser Module ... .. ... ... .. ... .. ... . . . £7.57
CP-TM1 Peak Programme Miniter .. ... .. ... .. .. . . . . . . . £8.60 GP-PS 18/2D Power Supply Modute . ... ... . .. . .. ... . .. . . .. £7.31
CP-DR1 Dynamic Range Controller/Tape Noise Eliminator ... . .. . £41.40 CP-MC1 Printed Circuit Board.for CP-P1 and CP-TM1 {optional) and controls
CP-LX1 Single Point Linear Phase Active Crossover Network .. . .. . . E14.60 £6.86
CP-LX1-P CP-LX1 set to your choice of frequency ... ... .. ... . . £10.86 CP-MG2 Printed Circuit Board for CP-FG1 and CP-AR1 (optional] and controls
CP-LX2 Two Point Linear Phase Active Crossover Network ... . ... . E14.60 £6.75
Benelux Agent: LA.T.A. pvba. Kerkstraat 16, B3020 Leuven-Wijgmall, Belgium. Barclaycard and Access facilities available

A DI DEPT. W1 13 HAZELBURY CRESCENT
LTD. LUTON, BEDS. LU1 1DF. Tel. 0582-28887

WW-—076 rOR FUKTHER DETAILS
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FROM THE PROFESSIONAL COMPONENTS DIVISION OF THE WORLD'S
FOREMOST MANUFACTURER OF WOUND COMPONENTS, A RANGE OF:

Pulse Transformers PG

TOKO pulse transformers are manufactured to the most exacting standards of reliability, offering a wide

choice of styles, windings, inductance and dimensions. The Q30ADIL type described here, is available with

a variety of winding configurations, with L»z and other parameters consistant with modern design needs.
SN95" 0L DERTIY MAX BCONNECTION

"3 0¢ 0 ! DEPTH MAX)

Op. temp. range:

- e - By BBERBEUBE % L L o o 070°C
0.20' | O.'23MAX [, SN2 FNITINZ IN3 § Insulation @ 250v:
(5.08) o 5.85Max) T fqmlmﬂ 10°MQ
! i Iy ((331212) R Max. current at
_ 0100 SR S ‘5’ L3l IZ' Léj lg' %T‘gl | N1 l N1 l 10% duty cycle:
258 o | Sor (Top View) 800mA
7=0.100 - op View 2 3 6 7
T o(7=250)7 AR AL ggak pulse voltage:
0.02R 6 1514 1312 1110 9 16 151 1312 1110 9 Y

» Encapsulation:

g:l -~ Transfer epoxy
"SE.

N

!

g 3

€%
R

e

1 1

Unit inch(mm) ] 53 a5 67 8 1 67 8
Other types of Pulse Transformer available in 4 & 6 pin TOKO (UK) Ltd
configurations, offering a complete range for applications ‘ Ward Royal Parade
: . ] . Alma Road

in data processing, timing, process control etc.

Also from TOKO
Coils for radio t.v. and mpx, ceramic and mechanical filters,
PV Cupacitors, DC-DC converters, delay lines, wire menories etc

Windsor, Berkshire

tel: Windsor (07535) 54057
telex: 848095

WW—007 FOR FURTHER DFTAILS

Contractors to H.M. Gove P.O.

Get your coﬂa;of the REPAIRS

PrOIi ne PrOfeSSionaI OF ELECTRICAL MEASURING INSTRUMENTS
' 7-14 DAYS SERVICE

tape recorder leaflet. sl

Written by
professionals

only for the : 3 EW

professional, g Nt [ STOCKISTS
= e ALSO SUPPLIERS OF GEC

the leaflet - RISS0 AND OTHER

gives full MULTI-RANGE TEST SETS

information
on a range of
recorders,noted WE SPECIALISE IN ASSEMBLIES, AND IN THE
for their AEPAIR, CALIBAATION AND CONVERSION

OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL
AMND PRECISION GRADE

SOPHISTICATION WITHOUT COMPLICATION
Fill in the reader enquiry card or write to.

TONY COSTELLO OR JOHN ROBINSON LEDON INSTRUMENTS LTD.
LEEVERS-RICH EQUIPMENT LTD

GLADSTONE WORKS, GLADSTONE RD,
319 TRINITY ROAD LONDON SW18 3SL FOLKESTONE, KENT.

01-874 9054 TEL: (STD) 0303 57555

WW—042 FOR FURTHER DETAILS

WW — 053 FOR FURTHER DETAILS
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WHY SETTLE FOR LESS—
THAN A 6800 SYSTEM

MEMORY — INTERFACE—

All static memory with selected 2102 IC’s al- Serial control interface connects to any RS-232, or
lows processor to run at its maximum 20 Ma. TTY control terminal. Connectors pro-
speed at all times. No refresh system is vided for expansion of up to eight interfaces.
needed and no time is lost in me- Unique programmable interface circuits

mory refresh cycles. Each board
holds 4,096 words of this
proven reliable and trouble
free memory. Cost—
only £80.00 for
each full 4K
memory.

PROCESSOR—

““Motorola’” M6800 processoi
with l\/likbug® ROM operating
system. Automatic reset and load
ing, plus full compatability with
Motorola evaluation set software. Crystal
controlled oscillator provides the clock signal
for the processor and is divided down by the
MC14411 to provide the various Baud rate outputs

allow you to match the interface to al-

most any possible combination of
polarity and control signal ar-
rangements. Baud rate selec-

tion can be made on each
individual interface. All
this at a sensible cost
of only£30.00for
either serial, or
parallel type

, POWER
~——  SUPPLY—

Heavy duty 10.0 Amp power
supply capable of powering a
fully expanded system of memory

and interface boards. Note 25 Amp

for the interface circuits. Full buffering on all data rectifier bridge and 91,000 mfd computer
and address'busses insures "“glitch”’ free operation with grade filter capacitor.

full expansion of memory and interfaces.
'y

DOCUMENTATION—

Probably the most extensive and complete set of data available for any
microprocessor system is supplied with our 6800 computer. This includes
the Motorola programming manual, our own very complete assembly in-
structions, plus a notebook full of information that we have compiled on
the system hardware and programming. This includes diagnostic programs,
sample programs and even a Tic Tac Toe listing.

PRICE EFFECTIVE 1st OCTOBER, 1977

and software.

I .
sovrvees I
i 6800 =¥

e —

Prices quoted do not
include VAT

Name . ............

A\Ii}ebu,é@ is a registered trademark .of
Motorola Inc.

Sulr 6300

Computer System

with serial interface and 4,096 words
of memory. .. . ......... £275.00

| Please send me details of your full range of computer equipment’

I

I

| Southwest Technical Products Co.
| 174 Ifield Road, London, SW10

I

WW—075 FOR FURTHER DETAILS
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PHILIPS

WIRELESS TIVE

|
The latest catalogue fromSST
¢ udes even more Ph ps electronic
home assembly kits - m xers_ amp ifiers

approx. % full size digits shown here . N
National's MA1012 LED digitalgclock module is a complete clock & el O £ Spe‘gﬁ'S,',,?E.ngff;f«i E{rectuT.rtomcs
alarm unit, operating from 50 or 60 Hz mains, and offering all the b - UVOVk”g e R e
features you would expect: Hours-minutes display in bright 0.5" leds ¥ 5 e today te SST Dstrbutors
with optional seconds, sleep and snooze alarms, fast and slow setting, Y : (Electronic Components) Lta
AM/PM indicator, switched alarm outputs - but best of all no RFL g ¥ ? # West Road Tottenham London

Thus the MA1012 is suitable for use in any radio/tuner applications, 3 i i N17 ORN
and requires just 1,75 x 3.75 x 0.7 total. (Ex. transformer). !
£9.45 per module, isolating mains transformer £1.50 each. (*8% vat)
Two modules, and two transformers for £20.00 (+8% vat)

In the latest Ambit catalogue: more TOKO coils, chokes,
filters etc., data on the short wave coil sets, a revised price
list, micro-microphone inserts, special offer lines etc.

DETECKNOWLEDGEY

Metal locator principles and practise, including some of the facts and I ——————— . N N
information manufacturers of £100+ detectors would rather you

didn’t know. £1.00 each. f
The Bionic Ferret 4000 - a VCO metal locator based on the PW
seekit, including all parts, plasticwork, ready wound coil etc. Inc.
free copy of detecknowledgey. £34.26 in pp and VAT at 8%.

Special announcement. The Bionic Radiometer metal locator 1s at last to be
released. A full VLF discriminator, with simultaneous display of ferrous, Name
non-ferrous and foil objects. With a littlie practise, you can actually find

objects obscured by junk. Outperforms uniscosting £150+. Digital control.
Demo available at Brentwood, on sale soon for less than £75.SAE info: Address

Please send me, quickly, the
new $.ST. Catalogue.

[ Distributors is 3 member ot

SEND TODAY! !he Philips Group of Compdnies

COMPONENTS

Herewith the list of first quality parts and modules for wireless, inc.

Europes largest range of signal coils and inductors. %2m in stock ! Postcode
CA3089E FMIF 194 BC413 lonoise 0.18 MFL 2.4 kHz ssb mech. . WW/A/1/78
KB4402 FMIF 1.94 40238 shid RF 0.25" filter for ssb gen/IF 455kHz ey EEES CPEEE CEIPED EEES P IS IEEED SEEED B

HA1137W FMIF 220 BF224 6ghz RF 0.22 with matching transf’s. 9.95
TBA120 FMIF 0.75 BF274 .7ghz RF 0.18 MFH senes 4/5/7kHz band-
TBA120S FMIF 1.00 2TX212 50v/.3w 0.17 width @ 455kHz 1.95
sn76660n FMIF 0.75 2TX213 30v/.3w MFK series 7/9kHz bw 1.65
ua720 AMrad 140 2TX214 30v/.3w Modules/tunerheads etc.

CA3123E AMrad 1.40 ZTX451 60v/1w EC3302 3cct vicap fm 7.50
EF5600 5cct v/cap fm 12.95
EF5800 6cct v/cap fm 15.25 w e

HA1197  AMrad 1.40 ZTX551 60v/1w
EF5801(5800+osc op) 17.45

TBA651 AMrad 1.81 BD515 45v/10w
8319 4 v/c, mos mixer 11.45
7252 complete fm mono
tunerset.afc,agc,mute  26.50

MC1350 agc gain 1.00 BD516  45v/10w
7253 complete fm stereo

000 ~000000000

WWL RN LN = = s
VPH COWNOYPONVD
.

ua753 fm gain 1.80 BD535 60v/50w
LM1496 Bal mix 1.25 BD536 60v/50w
MC1310P mpx dec2.20 BD609  80v/90w
KB4400  asabove2.20 BD610 80v/90w
ca3090aq mpx decd.35 tunerset. afc, age, mute 26.50
HA1196 mpx dec4.20 Ef?gs :’gchhz::‘t 7020 10_7MHzg¢m if 6.95 BY USING A
tmgg? 2w AF :Ilg? MEM614 (40822) 7030 linear phase fm if 10.95
[FIRETu() Ud MEM616 (40673) 0.67* 93090 ca3090aq dec  8.36
tda2020 15w AF2.99 \ipnaean 1o nowse 0.75° 92310 1310 decoder  6.95 D
tcad40E 10w AF 1.80 ) 91196 ha1196 decoder 12.99
tbaB10as 7w AF 1.08 BA102 vhfvaric 0.30 91197 mw/tw v/cap tuni1.35
LM301an op amp 0.39* BA121  vhfvaric 0.30 7122 3 v/c mw(OR Iw) 'uner
ua741 opamp 0.34* BB104 dualvar. 0.45 KT 15y turing 9.00
LM3900 op amp 0.68" BB105 uhfvaric 0.40 810k 7w af kit comp. £3
7805uc Sv/1amp1.56* mvam2 dual AM 1.48 940k 10w af kit 3.05
tdal412  12v/%A095* mvam11515v/AM 1.05 1429020k pr. 1da2020 ics,
78M20 20v/%A 1.20" mvam12525v/AM 0.90 pcb, e i e pa 935
78M24 24v/%A1.20° TOKQ Coils & Filters All mpx decoders feature

ua723cn  variable 0.80" —T =T S—o—mE= TOKO pilot tone filters.

NES550a as above0.80* 10mm & 7mm {rad cont) .
taaB50b 32 ref 0.50° AM IFts withcap 030 Juners: complete

. g h Larsholt signalmaster Mk 8
icl8038cc siggen 4.50" FM IFts withcap 0.33 A
NES555v timer 0.70* Best fm tuner kit under £100

g !
NES66v  vco 250 YHCS11098AC2 0.30 Looksas good as it sounds. No other cleaner has all these advantages:—

Full instructions 86.95
NES67v  tone dc 2,80+ YHCS12374AC2  0.30
NESGOE rf’f":“ c 320+ YHCS11100AC2  0.30 Audwomaster amp. Matching

Manufactured in France
British Patents applied for

-

. Only 100% pure. natural diamond grains are uulised.

NES561B hfpll 3.50" KALS4520A 0.33 25+.25W (B ETi2) 79.00 2. Blades are treated with hard chrome to remnforce the setting of the diamond grains. to
NES65K  If plt 250" KACSK586HM 0.33 ~carnage on above £3 extra ea. obviate loosening or breakaway during use. This process aiso prevents clogging of the
MC1312  quad 150 LLC238 7mm 0,33 ’!I)I(sf‘IT T diamonded surface by residues resulting from use. .

C90 . eads 100.
il 650mhz 14.00 ARG O 3. All diamonded blades are rectified to ensure an absoiutely smooth surface by eliminating

LLC4828 7mm 0.33 MW/LW ferrite rod ant 0.90

2TX107 50v/.3w0.14 CFS10.7 ceramic  0.50 mun. foil trimmers (see pt} diamond grains which may nise above the surface. This eliminates all excessive

ZTX108  30v/.3w0.14 BLR3107N mpx 1.90 22t 100k pots for tuning.45 sciaichingduninoluse:
ZTX109 30v/.3w0.14 BBR3132 6pole fm 2.25 RFchokes: TuH to 120mH 4. All diamond grains are rigidly calibrated to ensure a perfectly uniform gramn size of either
VAT is extra at 12%%, except where otherwise shown (*8%). PP now 200. 300 or 400.
25p per order. Catal‘)gue 45p {inc). Pse send A5 or larger SAE with 5. The chrome gives a very weak co-efficient of friction and the rigidity of the nylon handle is
enquiries. Price lists free with an SAE. Full range of components etc calculated to permit proper utilisation and vet phant enough to avoid undue pressures on
available to callers at our new easy-to-get-to premises. highly delicate relays.
@ Grain size 200. thickness 55/100 mm.. both faces diamonded. For quick cleaning of industnal

relays and switching equipment. etc.

0
a Gran size 300. thickness 55/100mm.. both faces diamonded. For smaller equipments. like
INTERNATI NAL telephone relays. computer relays. etc.

Grain size 400. thickness 25/100 mm., one face diamonded. For sensitive relays and tiny
contacts. Two close contacts facing each other can be individually cleaned. because only one

Number 2, Gresham Road, Brentwood, Essex. CM14 4HN | face of the spatula 1s abrasive.
telephone (0277) 216029 Distributors for the United Kingdom
Our new premises are only 200 yards from Brentwood * SoielbisyiSuton g ! 9

SPECIAL PRODUCTS (DISTRIBUTORS) LTD
81 Piccadilly, London W1V OHL. Phone: 01-629 9556

WW—024 FOR FURTHER DETAILS As supplied to the M.0.D., U.K.A.E.A, C.E.G.B. British Rail and other Public Authorities;

also major industrial and ic users thr the United Kingdom.

WW — 063 FOR FURTHER DETAILS

station - with parking facilities outside the door !!
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eSS JES AUDIO INSTRUMENTATION 4
CLECKREATON YIAKSHIRE i

!
i !
. @w -~ lilustrated the Si453 Audio Oscillator ¥
wﬁ. :
wif | SPECIAL FEATURES:
- § * very low distortion content—less than 0.03%
e e * an output conforming to RIAA recording characterisuc
’ﬁ\ * battery operation for nonipple or hum loop
E © @ * square wave output of fast rise time
; £60.00
| ‘1 also available
T - ) Si452 Distortion Measuring Unit
5'2‘2501 Millivoltmeter . - . ‘% jow cost distortion measurement down to 0.01% with comprehen- .
ranges also with variable control permitting easy reading of o facnmes including L.F. cut switch. etc. €48.000 |
relative frequency response €60.00 2“_ PRICES PLUS VAT
" J.E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON. W. YORKS. BD195LA. Tel. 0274—872501 ‘

WW—037 FOR FURTHER DETAILS

45--;’1200}115&
- DC-32 MHz
'FREQUENCY, PERIOD, TIME & TOTALISE

= 5ppm STABILITY @ 25°C

e
FEY L=
TRANSDUCER and RECORDER

AMPLIFIERS and SYSTEMS

m)

~

reliable high
performance &
practical controls.
individually
powered modules—
mains or dc option
single cases and up
to 17 modules in
standard 19" crates
small size—low
weight—realistic

prices. 745 COUNTER TIMER £94 + 2.50 p&p
Other product include
F |d 746 Autoranging Frequency Meter £68 WW 103
ylae 643 Function Generator £98 Ww 104
Electronic 643A Function Generator £85 ww :82
631 Filter Osciliator £108
Laboratories 615 Off Air Standard £74 WW 086
49/51 Fylde Road Preston o 35 Digital Panel Meters from £26 ww 087
PR 1 2XO lelted_ Delvery 1s normally ex-stock —~ telephone for confirmation

Prices correct at ime of going to press, subject to change without notice

Telephone 0772 57560
& p

/

—————— - OMB ciectronics. Riverside, Eynsford, Kent. Tel: 0322 863567
WW-—065 FOR FURTHER DETAILS

WE KNOW OF ONLY ONE OTHER POWER AMPLIFIER MODULE supzmnn T0 nun
JPS 100 — The JPS 150 (

JPS 150 £33.30
170 watts AMS 8 ahms

JPS 100 £28.50

Power Dutput 110 watts RMS ohms

{ncorporating comprehensive protection circuits including
mismatch. short and open circuits, impedance and thermal
protection, these Modules will ensure a high standard of both
reliability and top performance

what's more, they both also carry a full two-year guarantee
That's confidence for you! K

Fraquancy Response

Damping Facter
“Input Sensitivity

10-22kHZ — 0248

Greater than 300 to 1kHz
0d8 [0.775 Valts] 100 watis
47k

10-30kHz +0dB —02d8

For starters. JPS Power Amplifier Modules are designed, Pawer Bandwidth 10-22kHz — 02d8 10-22kHz +0dB —02¢8
manufactured and tested 1n England. yet sold throughout the Slewing Rate 8.4 Volts per micrasecond 9.00 Voits per microsecand
world. Tatal Harmenic Distortien 0.04% @ IkHz 0.04 @ IkHz

Hum and Noiso 11548 helow 100 warts 115dB belaw 150 watts

Greater than 400 to 1kHz
0dB {0.775 valts] 150 walls
47k

“input Impadance ~ 45 Voits + 55 Volts
Unlike other models, they offer an indefinite hife-span' Power Requirements 12 transistors. | integrated 12 transislors. 1 integraied
Should they ever require any attention or repair, all Transister Complement circuit circuit
components on both Modules are easily replaceable. And. Module Dimensions 4"H x 5"W x 2'D 6"H x 5"W x 2”0
Guarantee Fult 2 year Full 2 year

/

% These paramelers may be changed to suit particular requirements.
For industrial usage frequency respanse can be extended OC ta 30kHz +0d@ —0.2d8 [150 enly]

POWER SUPPLIES
PSt Pawers 1 JPS 60 price £15.50
PS2 powers 1 JPS 100

Powars JPS 100

Powers 1 JPS 150 Price £21.50

WW-—025 FOR FURTHER DETAILS

PS3 powers 2 JPS 150 £31.50

Y JPS A jates
j st es All prices are subjsci to 8% VAT
5 BELMONT HOUSE STEELE ROAD PARK ROYAL LONDON NW10 74R

TELEPHONE 01-961 1274 TELEX: T)TTS 816226

All module drive cards are based on industry standard Eurocard system 100 x 15 a/m)
A BO-watt version is also available wilh a similar specification. Price £23.30 + VAT

www americanradiohistorv com
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—————
All prices include V.A.T. Carriage & packing add 25p (U K ). * NEW + FULLY GUARANTEED COMPONENTS «
Add extra for overseas. Cash with order only Discounts over As A K FULL SPEC SEMICONDUCTORS * QUANTITY
£5 less 5%. over £10 less 10%, over £25 less 15%. over £50 - DISCOUNTS « SEND S.A.E. FOR COMPLETE LIST *
less 20%. 74191 £1.384025 19p[ 4072 23p | 7805 10220 £1.30
ELECTROLYTICS 92 GODSTONE ROAD 74192 £1.18 (4026  €1.65| 4075 23p | 781270220 £1.30
D A o 5 am e e g 74193 €1.18[a027  60p| 4081 19p | 781510220 £1.30
! 22330708 I“Fasva“uhﬁ; i avp S:v svip c:v WHYTELEAFE SURREY CR3 OEB oS 0 9v][(4028 86p) 4093 80p | 7905 10220 €1.85
22334768,F35Vallvalues 12p [ 15 4%p Sp  5Y%ip Bb | 7400 Series | T30 1oe] 08T Bip | i een| /1106 o0 4030 sbe| aser  amn |]31210220£1.95
10,F 25V 22,F 16Vhomvalues 13p | 22 4%p Sp S¥p & | mu 7432 25p | 7484 €174153  64p | 74197  99p (4031 €2.34| 4507  60p ’
23RN0 Yp | 33 dvie Sp SYp 80 | 7400  14p | 7433 34p| 7485 98p|7a16a €1.17 | 74198 £1.80(4033 €150 4508 284
SHEG B0 MRSV || 8 WD D (D 7401 1ap | 7437 25p | 7486 30p | 74155  68p | 74199 £1.80 | 4034 €2| 4511  £1.50 | LINEAR
150 P S%p 8 7o | 7402  14p | 7438 25p| 7489 €245 74156  68p 74293 €1.35(4035 €1.28| 4518 €1.13 | TAAS508 350
47,F 16V 20p 0 zw P (3 9p 7403 14p | 7440 15p | 7490 35p | 74157 68p | CMOS 4036  €£2.40| 4520 £1.26 TAABG1B £1.40
100, F 10V 8 | 22 o 11!"'/:9 ?:;p :g: ;ﬁgg tacyl|paan :30 541 108 sy £2 | 4000 15p | 4037 99p| 4527 €160 15:&235':153:
~ARBON P 1.3 p | 741 88p | 4001 19p | 4038 €1 4528 £1.05 g
L 1L oML S 12 Seres 1p foo o 1% v 1% | 7406 32p | 7444 €1.10| 7493 40p | 74161  88p 4002  19p 4020 €1| 4536 €385 | TBABOO 90p
sach 9p for 10 ol any one value. 788 | 150 110 150 200 285 | 1497 32p | 7445 78p | 7494 87p | 74162  88p | 4006 €1]40a} 86p| 4555 85p TBABIOS £1.16
for 100 of any one value 30 1 s 200 28 | a8 16p {7446 83p | 7495  60p | 74163  88p |a007  1%p|a0a2  Bop| asse  msp | TCA270sQ
- B 2 P 32p | 7409 16p | 7447A  74p | 7496 69p | 74164 €1 | 4008 98p [ 4043 95p| 583 80p €2.21
1.C. SOCKETS LEDS 330 14p  18p  26p  36p | 7410 15p | 7448 68p | 74100 94p [ 74165 €1 4010 56p | 4044 99p TDA2020 £3.56
8pn  11p 0125" o2¢| 470 16p 20p 290 40p | 7a1 20p | 7450  15p | 74107 30p | 74166 €1.23 [a0n) 19p (4046 €1.32] 9P AMPS 38014 €1
1apn  12p[Red  9p  op| 687 1% Z28p  3%p 4Bp | 741y 21p | 7451 15p | 74109 s50p | 74170 195 [a0i2 19p | 4047 sep| 30148  35p | oo 360
16mn 1301 Green 20p  20p| 1000 20p 29p a1p 7413 28p | 7453 15p | 74121 25p | 74173 £1.45 | 4013 50p | 1048 63p| 70914 386 | Sizia  gop
24pn  48p | velow 20p  20p| 2200 24p 38p EO0p 7414 gop | 7454 15p [ 74123 60p | 74174 s9p | 4014 €1|a0ag  ssp| 1318 220 | Gi5ha 32p
28pn  80p | LEDclp 4p  dp| 4700 3% S2p 8S5p 7416 30m | 7460 18p 74125  50p | 74175  74p |4016  50p 4050  sop| 4114 200 [ ;ivia 32p
POLYESTER 100V Radial 0ad 7417 30p | 7470 30p | 74126 50p [ 74176  99p | 4017 95p [ 4052 92p| 7977999 48p | 1310146178
400mW ZENER SCRs 001 0012 0015 0018 0022 7420 15p | 7472 25p | 74132 75p | 74177 99p | 4018 €1 (4053 95p( o0 Iop 25018 €2.20
DIODES 1 Amp 200V 309 | 0027 0033 0039 0047 7421 35p | 7473 30p | 74135 68p | 74179 ¢1.38 | 2019 52p | 4054  £1.10 50p | 304514 asp
2 7v-33v 4 Amp 200V 400 | 0056 0068 0082 01 045 7422 20p | 7474 30p | 74141 60p | 74180  99p | 3020 €1.05 1060  £1.10| VOLTAGE
9peach  Any [ 4 Amp 400V 500 | 012 015 018 022 .06 027 7425 20p | 7475 30p | 74145 72p | 4181 €1.95 | 4021 95p | 4066 Sop | REGS
80pfor 10 M | 7 Amp 100V 30B | (33 039 047.085 056 068 7426 25p | 7476 30p | 74147 €140 | 74184 €1.45 | 4022 95p | 4069 24p| 300 €1.25 All Prices
€3.50 for 50 7 amp 400V 850 | 077082 1 12 15 .075 18 7427 28p | 7480 50p | 74148 €1.58 | ;31854 £1.a5 | 2023 19p | 4070 38p| SUUK TU3  €1.30| inciude V.A.T.
€6.25 for 100 16 Amp 100V 75p | 22 27.09 33.10 3911 a7 12 7428 35p | 7481 88p | 74150 €1.58 | 74190 €1.38 | 4024 75p | 4071 25p] /7314 46p
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ELECTRONIC _
INDUSTRIAL THERMOMETER

10X0

Zg

MINIATURE
. QUARTZ |

CRYSTAL
OSCILLATORS

INTERFAGE

QUARTZ DEVICES LTD.

THE MODERN WAY TO MEASURE TEMPERATURE World-wide exporters of crystals & filters

THERMOMETER

A Thermometer designed to operate as an Electronic Test Meter. Will Manufacturers of DIP crystal oscillators
measure temperature of Air. Metals, Liquids. Machinery, etc.. etc.

Just plug-in the Probe. and read the temperature on they large open from 240H2 to QDMHZ

scale meter. Supplied with carrying case, Probe and internal 1% sofe agents |

voit standard size battery. ¥

Model “Mini-Z 1" measures from—40° Cto + 70° C. Price £25.00 FILTRONETICS LC & crystal filters from 10Hz to 100MHz
Model “Mini-Z 2" measures from—5° Cto + 105° C Price £25.00 FRy £

Mode? “Mini-Z Hi" measures from + 100° Cto + 500° C  £27.50 STATE Ultra miniature low frequency crystals

Write for Turther détarl (VAT 8% EXTRA} ELECTRO DYNAMICS! High volume timing crystals
rite for turther details to

HARRIS ELECTRONICS (LONDON) 9 Market Street, Crewkerne, Somerset England TA18 7Y
138 GRAY'S INN ROAD, LONDON, WC1X 8AX Telephone (0460) 74433 Telex 46283 inface g
(Phone 01-837 7937) ;
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S2 i S1 orill Stand
Drilt Stand & if
}

o+ |
N TS
Rl e s aman

2 rlni

2 f

K\ 3
i L Robust all metal with ample throat
Invaluable for dimensions  Adjustabie bir 3itcat Constructed to take the popular P1

holding P C B s and other ever with lever i1, ted teed Sp g drill and ensure a h gh degree of
panels when inserting and solderng return Wil accept hoth P1 & P2 | accuracy in all types of elecinical

-
components Can be adjusted to suit work up to 280mm rotating to dr Is precision work
gan access to reverse side and locks in any position All metal Price £18.50 inc VAT P&P 106p Pnce £5.13 inc VAT P&P 38p
Write or phone for full details  Price £10 inc VAT PRP£1 P2 Dril £16.50 inc VAT P&P 86p P1 Dnll £9.67 inc VAT P&P 38p

Sale K D

engineers! PRECISION PETITELTD

M9 HIGH STREET TEDDINGTON MIDDLESEX TWT 8HG
TEL:01-877 0878
WW—070 FOR FURTHER DEIAILS
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With the new SS0603 you're getting high performance.
‘A high performance, precision instrument at low cost.
Just look at the features m Sine square waveforms with three options on the'square
wave — including TTL output m Frequency range of 10Hz to | MHz m Sink capacity up
to 8 TTL standard loads m 0-i5V pk-pk variable output m Special output to meet your
CMOS requirements m Output level flatness better than |9 over entire range
~_andallatonly £91 plus VAT — that s real value

%FEEDBACK BINE BQUARE OSCILLATOR SSO803

1.Ok=10K
10k - 100k .
Qi 03 < D

- 1] ?u:pm (e
Wk pK
@
. -
‘ p O =8
Ay Hy- 'l -

BYRC {NHIT TTL only
L ”}fﬂhm’s%“ i I ' I

The SS0603
from Feedback

Meeting your specification on performance and price.

FAEQUENCY ¥
7

10G~1.0k
Q A 450

6

BOWER

i f:;

i

x

AVAILABLE FOR

WW TELETEXT DECODER

Tabit da d

‘Board 3’ is now i as an 1 unit to up the ‘Wireless World’
Teletext Decoder to give double height characters, colour background,
conceal/reveal, etc., as described in last month’ s |ssua of ‘Wireless World."

Our Kit includes platod~(hrough hole P.C.B., P and i L]
instructions. Price £33.68 + VAT (£3.. 47) + P&P (30p) = £37.45 total.

Our main kits contain all the printed

circuit  boards and components
necessary to build the compiete

decoder PEPEED
A reprint of the series of articles is

available at £1.50 + large 15p SAE

QUARTZ
CRYSTALS
-FAST!

4
¢
4
{
{
4
¢

(included free in complete kit} Standard New ve sion
version with Texas Post &
3 PRICES INCLUDE VAT using 2513 X887 Packing
=—= Setof 5 PCBs £21.70 £21.65 30p

— Component Kit (incl. PCBs) 612(2).93 £133.70 £1.50

T Add-on Unit for lower case PCB .7 - _

Ry S RLSIUMITED Component Kit (inct. PCB) £13.75 - -
Gatwick House, Horley, Surrey, England RH6 95U Cabinet £14.85 £14.85 €100

Telephone: Horley (02934) 5353 Telex: 87116 {Aerocon Horley)
Cables: Aerocon Tetex Horley

carbon film RESISTURS

ON BANDOLIERS OR PREFORMED 12.5mm
AT NO EXTRA COST

PLATED THROUGH hole PCHs for TEXAS version only at additional cost of £27.00
COMPONENTS ALSD AVAILABLE SEPARATELY — SAE for prica list
READY BUILT & TESTED DECODERS — £241.87 + £5 Carr.

DE LUXE VERSION WITH NF'"* FACHLITIES — £292 50 + £5 Carr.

Based on the design for a MATRIX H DECODER published in June issue of Wire/ess
World. with subsequent corrections, this Catronlcs Decoder is now generally available
from stock in two versions:
Kit: comprising P.C.B.3, i.c. and all components to mount on the boards at £39.30.
Ready built: housed in attractive cabinet with integral power supply and
STEREO /QUAD switching at £89.37

I i e T O i
N R PRI NI R NP PP N e e PR P RN g N N g g NPl

R These pricas include Sansui Rayalty Fee. VAT and P&P.
- Sk
i VHF FREQUENCY
- § WS s rl:""- r - 200MHz. 7 digit. D.F.M. for direct
, i readings up to the mobile radio VHF
AR Manutactured and guaranteed
by Catromes Ltd ghiobleand
2 g9 X Wll operate on mains ar 12V supply
Ll Price only £137.50 + £1 50 mauing it ideal for use with mobile

carriage + 8% VAT

uipment.
Write for .muuaud loaflot. od

CATRONICS LTD. (Dept. 821
Communications House
atronic s s o,
! WALLINGTON, SURREY
4 TVel: 01-669 6700 !

WW—821 FOR FURTHER DETAILS

S e o o

London W2 5SF
Tel 01-727 5641  Telex 261306

WW—058 FOR FURTHER DETAILS

AERO SERVIGES LTD.
z & I A2-44A-46 Westbourne Grove
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HY5

Preamplifier

HY30

15 Watts into 8Q)

HY50

25 Watts into 8Q)

HY120

60 Watts into 8Q)

HY200

120 Watts into 8Q)

HY400

240 Watts into 4QQ

POWER
SUPPLIES

Kent CT4 7AD

Tel (0227) 63218

15— 240 Watts!

The HY5 1s a mono hybrid amphjer ideally suited for all applications All common input functions
{mag Cartnidge. tuner eic ), are catered for internally, the desired function 1s achieved either by a
multi-way switch or direct connect:on to the appropriate pins The internal volume and tone circuits
merely require connecting to external potentiometers {not included) The HY5 is compatible with all
I L P power amplifiers and power supplies To ease construction and mounting a P C connector s
supplied with each pre-amphfier

FEATURES: Complete pre-amphifier in single pack -— Multi-function equalization -— Low noise — Low
.distorion — High overioad -~ two simpiy combined for stereo

APPLICATIONS: Hi-Fi -— Mixers — Disco — Guitar and Organ -— Pubhc address
SPECIFICATIONS: '

INPUTS  Magnetic Pick-up3mV  Ceramic Pick-up 30mV: Tuner 100mV: Microphone 10mV
Auxihary 3-100mV input impedance 47k4} at 1kHz

VOUTPUTS Tape 100mV Main output 500mvV R M S

{ACTIVE TONE CONTROLS Treble ~ 12dB at 10kHz Bass * at 100Hz

DISTORTION O 1% at 1kHz Signal Noise Rato 68dB

OVERLOAD 38dB on Magneuc Pick-up SUPPLY VOLTAGE = 16 50v
‘Price £5.22 + 65p VAT P&P free
"HY5 mounting board B1 48p + 6p VAT P&P free

The HY30 is an exciting New kit from t L P it features a virtuaily indestructible 1. C with short circuit
and thermal protection The kit consists of | C  heatsink P C board 4 resistors, 6 capacitors.
mounting kit, together with easy to follow construction and operating instructions  This amphfier is
ideally suited to the beginner in audio who wishes to use the most up-to-date technology available
FEATURES: Complete kit — Low Distortion - Short Open and Thermal Protection - Easy to Build
APPLICATIONS: Updating audio equipment - Guitar practice ampiifier -— Test amphfier - Audio
oscilator

SPECIFICATIONS:

OUTPUT POWER 15W R M.S into 812 DISTORTION O 1% at 156W

INPUT SENSITIVITY 500mv FREQUENCY RESPONSE 10Hz-16kHz 3dB

SUPPLY VOLTAGE ~ 18Y

Price £5.22 + 65p VAT P&P free.

The HY50 leads | L P 's total integration approach to power amphfier design The ampbhfier features an

integral heatsink together with the simphicity of no external components Dunng the past three years

the amptifier has been refined to the extent that it must be one of the most reliable and robust High

Fidelity modules in the World

FEATURES: Low Distortion - Integral Heatsink -~ Only five connections — 7 Amp output transistors
No external components

APPLICATIONS: Medium Power Hi-Fi systems - Low power disco - Guitar amplifier

SPECIFICATIONS: INPUT SENSITIVITY 500mV

QUTPUT POWER 25W RMS in 8<) LOAD IMPEDANCE 4-162) DISTORTION 0 04% at 25W at

TkHz

SIGNAL/NOISE RATIO 75dB FREQUENCY RESPONSE 10H7-45kHz - 3dB

SUPPLY VOLTAGE =~ 25V SIZE 105 50 25mm

Price £6.82 + BSp VAT P&P free

;’he HY120 s the baby of | L P's new high power range designed to meet the most exacting
requirements including foad line and thermal protection this amphfier sets a new standard in modular
design

FEATURES: Very low distorion — Integral Heatsink -— Load line protection -— Thermal protection
Five connections -- No external components

APPLICATIONS: Hi-Fi - High quality disco - Public address -- Monitor amplifier Gunar and
organ

SPECIFICATIONS:

INPUT SENSITIVITY 500mV

OUTPUT POWER 60W RMS into 8+) LOAD IMPEDANCE 4-16:) DISTORTION 0 04% at 60W at

1 kHz R

SIGNAL/NOISE RATIO 90dB. FREQUENCY RESPONSE 10H7z-45kHz --3dB SUPPLY VOLTAGE
*35V

Size 114 x 50 x 85mm _

Price £15.84 + £1.27 VAT P&P free.

The HY200 now improved to give an output of 120 Watts has been designed to stand the most

rugged conditions such as disco or group while sull retaining true Hi-Fi performance

FEATURES: Tharmal shutdown - Veiy low distortion - Load:line protection - Integral Henwink

No external components

APPLICATIONS: Hi-fi — Disco - Monitor - Power Slave — Industrial — Public address

SPECIFICATIONS:

INPUT SENSITIVITY 500mV ]

OUTPUT POWER 120W RMS into 8.) LOAD IMPEDANCE 4-16:) DISTORTION O 05% at 100W at

TkHz

SI?QJAL NOISE RATIO 96dB FREQUENCY RESPONSE 10Hz-46kHz 3dB SUPPLY VOLTAGE!
vV

SIZE 114 x 100 x 85mm
Price £23.32 + £1.87 VAT P&P free.

“The HY400 1s 1.L P 's “"Big Daddy ' of the range producing 240W into 4{)! It has been designed for*
high nnwer disco or public address appiications It the amplitier (s to be used at continuous high nower
levels a cooling fan s recommended The amplifier includes all the qualinies of the rest of the family to
{ead the market as a true high power hi-fidelity power module

FEATURES: Thermal shutdown Very low distortion — Load line protechon — No external
components

APPLICATIONS: Pubiic address - Disco - Power slave - Industral

SPECIFICATIONS:

OUTPUT POWER 240W RMS into 41) LOAD IMPEDANCE 4-16) DISTORTION O 1% at 240W a1
1 kHz

SIGNAL/NOISE RATIO 94dB FREQUENCY RESPONSE JOHz-45kHz - 3dB SUPPLY VOLTAGE
45V

INPUT _SENSITIVITY 600mV SIZE 114 x 100 x 85mm
Price £32.17 + £2.57 VAT P&P free.

PSU36 sutable for two HY30 s £5.22 plus 65p VAT P P free

PSUS0 suitable for two HYS0 5 £6.82 plus B5p VAT P P free

PSU 70 sunabie for 2 HY 120s £13.75 pius £.1 10 VAT P/P free

PSUS0 sutable for one HY200 £12.65 plus £1 01 VAT P/P tree

PSU180 surtable for two HY2000 s or one HY400 £23.10 pius £} B85 VAT PP fee

81 48ppiis op VAT

Total Purchase Price

Account number
Name & Address

Signature.
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TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS

I.L.P. Electronics Ltd Please Supply
Crossland House

_ | Enclose Cheque (1 Postal Orders [1 Money Order [
“Nackington, Canterbury

Please debit my Access account ] Barclaycard account (]
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BEUROT'EGCH

MISCELLANEOUS

OSCILLOSCOPES
TEKTRONIX

Type 551 with Power Supply .. .. . ... .. £350
J. Lloyd XY Plotter Type PL. ... .. £160 Type 545A with TA2 Dual Trace Amp . . . . £485
S.E. Labs. UV Recorder Type 3006DL . .. £600 Type 585 with Type 82 Dual Trace . . . . .. £550
Grubb Parsons Type IRG A20 Analyser ... £480 Type 581A with Type 82 Dual Trace . . . . . £550
Fribourge Charge Amp Type TA-3/D ... ... £85 Type 7603 ... . ... . ... o P.O.A.
SE Labs 19’ Rack Comprising OSC Type 511/S and Type 7313 . ... ... ... ... ... P.O.A.
6 off Carrier Amps Type 423/1 ... . .. . £350 Plug in Modules
6v 25 Amp. Power Supply Units . .. . .. .. £25 Type CA, G, H, LLK ... .. .. . . £80 each
D.M. Digital Voltmeter. Type 2022S . . . .. £240 Type 3A75 Amp. 4MHZ ... £80
Electro Scientific Industries Portametric PVB 300 3A8 Operational Amp . . . .. .. ... .. £75
............................. £180 3T77 and 3S76 Sampling .. ... ... £250
Stanley Lab. Counter Timer SL111 . . .. . £350 82 Dual Trace Amp . . .. ....... .. £135
Flure 880CAD.V.M. . ... ... ... . ... £500 1A4 Four Trace Amplifier . .. .. .. .. £550
DYNAMCO HEWLETT PACKARD
) . Type 180A with 1801A Dual Channel Vert Amp.
Type D7100 with Delay Sweep . . Price on App. 1820A Time Base . . . . .. . ... . £650

THE TEST EQUIPMENT BROKERS

EQUIPMENT SOLD, PURCHASED RENTED, LEASED EU ROTEGH

ALL PRICES EXCLUDE VAT AND CARRIAGE 25 CHEPSTOW ROAD
TEL. NEWPORT 0633 211243. NEWPORT, GWENT, U.K.

WW—046 FOR FURTHER DETAILS

thg indispensable AUDIBLY SUPERIOR
' AMPLIFICATION

HIGH DEFINITION — ‘MUSICAL’ — POWER AMP
MODULES

* T.H.D. TYPICALLY .007%
@ 10W, 500Hz

* ZERO T.I.D. (SLEW-RATE o' !
LIMIT 16 V/ 4 S) ‘5. ¥
i

Module size:

120 x 80 x 25 mm, using
glass fibre pcb with ident
and solder resist.
Hliustrated with light duty
heatsink. ’

CRIMSON ELEKTRIK power amplifier modules are fast gaining a reputation as the best sounding. most
sdules ible Perhapy the rtant features uf this J s1cephonat e
sover diSIaran (uue (o 1he use 1put triples) and zewo 1 W amplidien 1s protected against
en a ' s yet will drive a highly e ower ad which 15 more
epresentative of a real loudspeaker Square waves mawntain ther rnise tmes up to full power whilst
simulated electrosiatic loads are easily handled with negyligible overshoot and a seitlng time of 12. §
Otherspecs S N - 110dB. Rise ime 10. S, Sensinvity 775mv D upled SH¢ 35kH: - 3dE; THD-
015+ 100mW-chpping. 500H:
CRIMSON ELEKTRIK power supplies are in kit 1o for mamimum flexindity and leature o low held
shiniine torowdal transformer with a 120240y pumary and screen. two large capacstors bridge rectfier and

THRULINE®WAI I MET.ER “ ”:’;j&:..k:ave atiractive black anodised extrusions. BOmm wide

i < I
0.45-2300 MHz / 0.1-10,000 watts 1 508 St g onms. v g (o0 1650 CRIMSON
CE 10 7 v .22 ¥
The Standard of the Industry T 1008 1owrmsct ovme v o1 tn ELEKTRIK
POWER SUPPLIES
What more need we say. .. i b 0 o
CPS 3 For 24CE1008 £15.85 £18.20 1A STM&]g?ESlTIEET
) . LEl
Exclusive UK representative :::.'Di'r:"s Somm 2 /W W 5130 LET GML

Hign power 100 mm 1.4° C/W £160 €240 Tel: (0533) 537722
as en . . . Disco/group 1500mm |1 C/W £2.30 £3.65
electronics limited

Home prices incluce VAT and carriage Payment by cheque PO COD 60p £ 5D imut) Export no probiem
European prices nclude carriage msurance and handiing payment in Sterling by bank dratt PO

nternational Gio or Money Order Ouiside Eur le wirine tor WiC Quote by return Sen Eor
2 K'I"IE-EEAPRHEO?“LE(.) %FI’-BESABS.‘:.‘ICB()BTE 1'Y|E'|_DEDxxésH‘|A247 ZQ;JW mi;iﬁ%{zg::{g"eply CE:pons‘ v |u:f.‘l:ralu?epeF:)voist§b.e :faoe ;‘chnllly;:nu.’le I:‘syl "enl requa: L‘Su:abtl)e
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AR T IT, I <
e | EESHAERRERN ) S
L R R R s

8000A 3% digit DMM

8030A portable 3% digit DMM 8040A portable 4’2 digit DMM

Lots of people think ITT are the
only people selling Fluke DMM’s

ifstrue in one sense —[TT are the
sole UK stocking distributors for the
And we've range of Fluke DMM's. But of course,
got the new as the world's leading DMM's, Fluke

EeEb bl | really sell themselves. What we dois
3% digit

back them up with a streamlined,
thoroughly dependable and quick-off-
the-mark service that's as much aNo. 1
in its field as Fluke are in theirs.

Write or phone for more details.
Edinburgh Way, Harlow, Essex. Telex: 81525

ITT
The only way to buy.

Harlow (0279) 29522.
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wireless
world

Testing time for the video disc

THIS YEAR the public will be presented
with a new electronic toy — the video
disc. After five years of development
the Philips/MCA optical system has
emerged as a front-runner and will be
marketed as a commercial product in
the USA in 1978 and in Europe in 1979.
It’s a front-runner because it obviously
works well, is presentable and
convenient as a piece of consumer
equipment, offers discs recorded on
both sides, has the backing of a large
programme library, and has imbued the
managements of Philips and MCA with
enough confidence to start a
large-scale marketing campaign. Of
course, it’s not the first. The
Telefunken/Decca mechanical system
was launched commercially in
Germany in 1975; but sales so far have
been disappointing and it would be
very surprising if this system, with its
limited playing time of ten minutes,
gained wide acceptance.

The only question hanging over the
Philips/MCA product — and indeed any
video disc system that might emerge —
is whether the public will buy it. This
question can be divided into two parts:
(a) do they want it? and (b) can they
afford it? Philips/MCA are convinced
that both of these can be answered in
the affirmative. First of all they are
starting their marketing operations in
the richest parts of the world — the
USA and Western Europe — where the
greatest amount of disposable income
lies waiting to be tapped; it’'s only a
matter of calculation. Secondly, in such
a situation, whether people want
something they have not yet possessed
or experienced is only an academic
point: there are well known techniques
for persuading them that they do want
it. Nonetheless the makers are well
aware that there are other, competing
claims for even the largest disposable
income. At the recent Video Disc 77
conference in London the Philips
principal speaker, Mr W. Zeiss, said of

the programmes “There are limits to
the extent to which consumers may
wish to purchase such material.” One
of the directly competing products in
this field is, of course, the video
cassette, with its ability to record as
well as play programmes. Will there be
enough room for both systems in the
market?

What is inevitably lacking at the
moment is knowledge of the way the
user will respond to this new type of
information medium. It's tempting to
draw on experience with the
gramophone record, since video and
audio discs and their players are
superficially similar. Can one expect
people to develop behaviour patterns
of watching visual programmes similar
to those of listening to recorded music?
Compared with gardening or playing
football, both are passive, indoor
leisure activities, but there the
resemblance ends. Music is a direct
emotional and aesthetic experience; it
requires very little semantic content to
have its effect, only the formalities of
rhythm, melody, harmony etc. Moving
pictures, on the other hand, have their
effect on the emotions or intellect very
strongly through their semantic
content — the story, drama,
explanation or whatever is going on:
the direct experience of colour, pattern
and so on, although it can be an
aesthetic end in itself in the viewing of
beautiful objects or scenes, is largely a
means of getting the message across.

Nevertheless the two different types
of record do have one thing in common
— sound. An eminent broadcaster was
heard to say the other day “Of course I
regard the video disc as really only a
gramophone record with illustrations.”
No doubt he was motivated by sour
grapes, but the remark may be more
penetrating than it was intended to be.
The video disc would in fact make a
very good audio disc if it didn’t prove
successful for pictures.
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Traffic information broadc:

Service proposed by BBC operates on a single m.w. frequ

by S. M. Edwardson M.|.E.E., BBC Research Department

This dedicated system uses a multiplicity
of low-power m.f. transmutters working
on a single frequency, and a separate,
fixed-tuned, low-cost receiver in the
vehicle. Claimed to be less expensive
than other systems, it gives drivers
messages appropriate only to their local
areas. Service areas of individual
transmitters are defined by artificial
“'nngs’’ provided by surrounding
transmitters. The author sees the
proposal as a possible world system.

MANY ROAD users rely mainly on radio
announcements for information about
abnormal traffic and road conditions,
although this information is, of course,
often supplemented locally by special
signs and police notices on the roads.
Those people who drive over familiar
routes have experience to help them,
but this is of littie use when the
unforeseen happens and their intended
course is overloaded, or blocked by a
burst water-main, an accident, or
similar hazard.

Radio broadcasting services that
carry announcements, intended to help
smooth the flow of traffic, inevitably
suffer from the basic disadvantage that
the programmes themselves have to be
interrupted for every traffic
announcement. There is conflict
between the wish to put over the traffic
information and a natural reluctance to
interrupt the main programme. Traffic
announcements may be seen by the
programme producer as essentially
secondary in nature (except in serious
emergencies) and constrained as far as
possible to scheduled programme
junctions, say on the hour and half-
hour, with perhaps quarter-hour
announcements during the rush hour.
This is the practice used in Germany,
Austria and Switzerland, several of
whose major networks carry special
motoring identification signals to
activate receivers.* The inevitable fact
is that traffic information takes over
from the normal programme whether
listeners like it or not. Areas covered by
particular traffic announcements
inserted into programmes tend to be
very large — they will correspond in size
to the service areas of the main high-

“Blaupunkt ARI system, see Wireless World
April 1974, p.95.

powered regional transmitters together
with their off-air relays — and thus
many of the announcements heard by
drivers relate to road conditions many
miles away. Imagine a BBC Radio-4
motorist listener stuck in a traffic jam in
Leeds being told that a milk float has
overturned and is blocking Oxford
Road, Manchester!

Local radio seems likely to be more
useful. The transmitters are smaller and
are situated so as to serve individual
centres of population; their
announcements are thus more likely to
be relevant to their listener’s needs. But
here again there is the same basic snag
that every listener is forced to suffer
interruptions to the programme for
traffic announcements whether he or
she likes it or not. And what of the
majority of roads not served by local
radio stations? The main trunk roads
and motorways between city centres
can receive only the national or regional
large-area services. Even on the
approaches to a city or town, where a
local radio service exists, a driver needs
to know of its existence and its
wavelength, and he must tune his
receiver to it. What proportion of road
users are actually being helped at
present by traffic information

Fig. 1. Dots show existing BBC sites
where low-power transmitters for the
proposed service could be located.
Lines show expected service areas and
coverage using these sites.
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were introduced?
About five years ago a |
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improved although its basic
remains unaltered. It provig
important options for the listen

® Ordinary listening w
interrupttons by
announcements: this may be fron
car radio, tuned to any frequency,
cassette player, etc,

@® Ordinary listening, as above, b
with interruptions by local traffi
announcements, as they are received,
@ Traffic announcements only, with
silence between announcements.

The proposal envisages a network of
about seventy very-low-power
medium-wave transmitters spread over
the United Kingdom. Each transmitter
covers an area to which specific
information may be directed.

Even under rush-hour conditions, the
proportion of time required for the
transmission of traffic messages in any
small area will normally be limited.
Each transmitter in the network can
therefore spend most of its time
switched off, coming on the air only
long enough to transmit its message.
This leads to an important advantage,
for transmitters can not only share the
air-time, but also a single common
wavelength.

The map in Fig. 1 shows 72 existing
BBC sites where such low-power
transmitters could be located. Only one
transmitter in a group of 15 or 16 would
carry a traffic information message at
any moment. This would mean that
there might be, say, five transmitters
from the whole network on the air
simultaneously, but they would be far
enough away from each other to
minimise mutual interference.

That all transmijtters could share the
same frequency is an important point:
not only does it mean considerable
economy in spectrum space, it also
means that simple fixed-tuned receivers
may be used without any manipulation
by the motorist. It also leads to the
exciting possibility of a single traffic-
information frequency for use
throughout the world. It will be evident
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already that the control of such a
network of transmitters would have to
be centrally or regionally organised. A
network of telephone lines would be
needed, as well as one or more small
computers.

Transmission and reception

From the beginning of the project it has
been recognised that a special signal is
needed to activate the traffic in-
formation receiver preparatory to the
transmission of a message. Having
become activated by this special “start”
signal, normal listening (if any) is
interrupted and the traffic-information
message is then heard. At the end of the
message a special “finish” signal de-
activates the receiver and normal
listening is resumed.

. So far so good. But how to ensure that
the right people receive the messages?
Basically, it is a matter of network
control.

Initially it was thought that with an
automatic measurement, the received
signal-strength would suffice to decide
whether or not the receiver should be
activated by the “start” signal. This was

found to be rather unreliable because

of deficiencies in the receiver and car
installation (which ought to be simple
and cheap) and because of the pract-
ical variations in field-strength.
Measurements showed that, even using
a frequency at the low-frequency end of
the medium-wave band, fluctuations of
8 to 10dB in the signal level received on
a vertical car radio aerial occurred while
driving along ordinary roads. Similar
fluctuations were found to occur while
driving through towns but, in addition,
the average field-strength was
depressed by a further 8 to 10dB. Thus it
was difficult to control the extent of the
service area of any transmitter in an
exact way, and it was recognised that
there would probably be large overlaps
of some service areas and some large
unserved areas. [t was to minimise these
difficulties that the “ring system’ was
developed.

The “ring system”

The basic idea can be understood with
reference to Fig. 2, which shows part of
an idealised lattice of traffic
information transmitters, all sharing
the same frequency as already
described. Each transmitter has two
modes of operation: it may operate
either in the message-carrying mode or
in the “ring” mode. Transmitter T, in
this case, is the transmitter carrying the
traffic information message while the
surrounding transmitters, T, to Ty, here
serve as “ring” transmitters.

They all operate in the simple
*sequence shown in Fig. 3. Prior to its
message, the transmitter T, radiates a
“start” code signal, consisting of
frequency-modulation of the carrier by
a 125kHz tone, with a peak deviation of
+2kHz. The six ring transmitters
radiate at low power c.w. “inhibit"
signals which begin just betore the

Other transmitters in
targe idealised lattice

X~ X

“Ring" transmitters

\AXTG

Service area determined by
lines of constant
field-strength ratio

/ \\
/ Message \
- _4 transmitter \
R ®T, )
\\ \ P, /
\ /
N ®,
AYAY Py

N
/
Xu WA ® X
Service area and overlap
/i/_ when T, is

message transmitter

X X

Fig. 2. Part of idealised lattice of
transmitters, showing one, T, acting as
a "message’ transmitter, surrounded
by a “ring” of other transmitters, T,-T.
which determine its service urea by
f.m. capture effect.

beginning of the “start” signal radiated
by the message transmitter and end just
after it. The ring transmitters remain off
at all other times. '
Suppose a receiver-is located in the
region of P, (Fig. 2), where signals are
received predominantly from
transmitters T, and T,. If the carrier-
level from the ring transmitter T, is
sufficiently strong. f.m. capture effect
will cause the “start” signal from T, to
be ignored. Alternatively, if the signal
from the “start™ signal is the stronger,

‘the receiver will be activated. With the

high modulation index chosen (a wide
deviation at a low modulating
frequency), capture effect by a single
ring signal is very pronounced: a 4dB

Fig. 3. Operating sequence of
“message’ transmitter Ty in Fig. 2 (top)
and ring " transmutters T)-T, in Fig. 2
(hottom). Ring transmitters are
frequency modulated with random
noise with 400Hz r.m.s. deviation.
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increase in the carrier-level of the
interfering ring signal causes a 30dB
decrease in the level of the demodulated
“start’’ tone. Where more than one ring
transmitter contributes significantly to.
the received signal, such as at P, in Fig.
2, capture effect still operates but is less
pronounced.

Thus it will be seen that receiver
activation is determined by the ratio of
the “message-to-ring” signal strengths
rather than by their absolute values.
The encircling ring of transmitters
creates a well-defined limit to the
service area of the message transmitter
— a controlled inhibition of reception of
the “start” code signal — so that, outside
the service area, receivers are not
activated and the message is -not then
heard. The message signal itself is
carried by conventional amplitude
modulation and has ‘‘telephone”
bandwidth of approximately 300Hz to
3.5kHz.

To overcome the difficulties that
might sometimes arise with particular
carrier phases of the c.w. signals from
the ring transmitters, these signals are,
in fact, frequency-modulated by very-
low-frequency random noise, with an
r.m.s. frequency deviation of about
400Hz. This ensures that, during the
“start” code, the signals from the ring
transmitters are averaged satisfactorily
in the receiver.

At the end of the message, a “finish”
signal is transmitted to de-activate or
mute the receiver. Again. frequency
modulation of the message transmitter
is used with a peak deviation of *2kHz,
but at a modulation frequency of
200kHz. During transmission of the
“finish’” code signals, the ring
transmitters remain off and reception of
the “finish” signal is then possible down
to very low signal strengths and under
conditions of heavy interference. This is
to minimise the number of receivers
that may inadvertently remain
activated; this could occur, for example,
if a particular vehicle happened to be
passing under a bridge during the
radiation of the “finish™ signal.

Tests of the ring system that have
been carried out both in the laboratory
and using special transmitters in the
London area have given very
encouraging results. The signal
parameters chosen are thought to be
about right, but may be varied during a
larger-scale trial now being planned.

t.m. start”
coded signal
(% 2kHz at 125Hz)

f.m. Finish”
coded signal
(*2kHz at 200Hz)

/ Message {am.)

0-5
approx.

Ring transmitters powered for
period to straddle “start”signal
from message transmitter

TIME (seconds) —

approx.

Ring transmitters off during
message and “finish” coce
transmissions
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The receiver in the car

Three basic kinds of prototype receiver
have been built. The first is a completely
separate receiver, fixed-tuned, simple
and inexpensive. The second is an add-
on unit and the third is an “integrated”
unit, in which the circuits of a traffic
information receiver are embodied in a
conventional car radio so that the two
receivers are contained in one case.

The separate receiver, with its own
aerial, will operate completely
independently, having an integral
loudspeaker. It can be mounted in any
convenient position, is technically
simple and would be the basic
equipment for those who do not wish to
have normal car radio facilities.

The integrated unit operates similarly
to the add-on unit, but with the
advantage of being more compact and
cheaper than two separate units.

Figs. 4, 5 and 6 show photographs of
an experimental prototype add-on and
two commercially-manufactured
prototype integrated receivers.
Production models are likelv to be
somewhat smaller. Fig. 7 is a block
diagram of a basic integrated receiver.

It is not yet possible to give an
accurate estimate of the cost of future
commercially manufactured receivers.
A separate receiver might, with large
production, cost in the region of £10,
while the additional cost in an
integrated receiver should be
significantly less than this.

The receiver in the home

Traffic information messages could also
be received in a similar way by domestic
radio receivers, if they were equipped
for the purpose. This might prove to be
an important aspect of a traffic
information service. Breakfast-time is a
peak radio listening time and
considerable use can be made of local
traffic information by motorists before
they take to the road (or decide not to
do so!).

Circuit arrangements similar to those
shown in fig. 7 could be used for a
domestic receiver, normal listening
being also available here as in the car. A
substantially omni-directional aerial
would be desirable for the traffic
information receiver section.

Fig. 4. Vehicle equipment: an
experimental add-on unit.
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Transmitter and coverage aspects

It is clear that the power radiated by a
ring transmitter will affect the ratio of
the message-to-ring signal-strengths
and hence the limit of the service area of
the message transmitter: an increase in
ring transmitter power will push back
the message service area, while a
decrease in power will allow the service
area to expand. Experiments indicate
that, if the power of each transmitter
when operating in the ring mode is
lower by about 6dB to 7dB than the
power when radiating a message, this
should result in about the right degree
of overlap between adjacent service
areas.

The number of ring transmitters need
not, of course, be six but may vary
according to local requirements.
Moreover, the power radiated by a

Figs. 5 and 6. More vehicle equipment: two commercially made
prototype “integrated" receivers, based on a conventional car radio.
In Fig. 5 (above). the toggle switch to the left of the push-huttons.
a three-position switch. controls the mode of operation as follows:
upper position. car radio only operating: centre position. car radio
interrupted by traffic messages: lower position, traffic messages only.

www americanradiohistorv com


www.americanradiohistory.com

WIRELESS WORLD. JANUARY 1978

particular transmitter in the ring mode
may be made dependent upon which
particular adjacent transmitter is
carrying a message; this additional
flexibility could be of assistance in
planning by the broadcasting authority,
since it makes available a means for
controlling and varying the shape of
each service area.

In Fig. 1 the lines show the expected
coverage using existing BBC sites.
There are no unwanted overlaps or
unserved areas; deliberate overlaps
would probably be provided, as just
described, but these are not shown in
the figure. The boundaries of the service
areas are likely to be fairly well defined
and largely independent of receiver
performance.

Since only the relative powers of
transmitters affect the service areas, the
minimum transmitter power
requirement is dictated by signal
strength for good reception of messages
in motor vehicles. In practice, a
transmitter unit (message) power of
typically about 500 watts is expected to
be adequate, but the radiated power
would, of course, be only a fraction of
this because of aerial losses. An
advantage of the proposed system is the

relatively low level of total power -

radiated. Assuming six ring
transmitters per message transmitter,
the total radiated power from the UK
‘would be under 2kW at any one time.
Transmitter requirements are
unconventional in two ways. First, it is
necessary both to amplitude modulate
and frequency modulate the
transmitter, although not

Fig. 7. Block diagram of a basic
“integrated” receiver using a
conventional car radio.

simultaneously. Secondly, it is
necessary to operate each transmitter
at more than one output power level.
Recent developments in small solid-
state transmitters permit the
adjustment of output power with high
reliability and without gross
inefficiency. The need to frequency
modulate the carrier is not a difficult
requirement, particularly as good
linearity is not necessary.
Notwithstanding the high reliability
expected, it is interesting to consider
what would result if a transmitter were
to fail. The lost service area would, in
most cases, be covered by the
surrounding transmitters, whose
service areas would automatically
expand to cover most or all that of the
failed transmitter. It is thought that this
would result in a useful saving in
stand-by equipment, it being
understood, of course, that the
announcements would be adjusted to
conform to the temporarily-modified
service areas. Naturally, the standard of
reception might be impaired at long
ranges, depending upon the overall
power finally chosen for the
transmitters.

Field strength variations

The m.f. signals received by a car radio
receiver fluctuate in level by as much as
10dB as the vehicle moves along the
road while m.f. field-strengths in built-
up areas are 8dB to 10dB lower than in
adjacent open country. The ring system
is relatively insensitive to variations of
level, relying as it does upon the ratio of
signals arriving simultaneously from
different directions and, hence, upon
the operation of the ring system. A field
trial to measure the ratios of received
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signal-strengths in such circumstances
has therefore been carried out.

It was found that the ratio of the
strengths of the signals received
simultaneously from two transmitters
on the same frequency can vary locally
over a range of 2dB to 3dB. Wider
variations have been found in a few
localities and are thought to be due to
overhead wires and steel structures. In
very bad cases fluctuations over arange
of about 10dB have been found, but
fortunately these are confined to
relatively small areas.

The effect of local variations in field-
strength ratio will therefore be to
“roughen’’ the otherwise smooth
boundaries of the service areas. Since it
is expected that an overlap of a few
miles between service areas will be
required for the proper dissemination of
information, these local effects are not
expected to be serious. Nevertheless,
consideration is being given to ways of
minimising them.

Interference

The proposed traffic information
service is local in nature, involving
radiation from only a few low-power
transmitters at any one time, and it is
unlikely to cause significant
interference to other services. Co-
channel interference to the traffic
information service, however, could be
created by other transmitters in the
same network. It is necessary, here, to
distinguish between message periods
and the periods occupied by the f.m.
coded signals.

Tests have shown that an information
service of this type would need a
protection ratio of 18dB, which is
sufficient for interference from other
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co-channel a.m. transmissions during
the message period. The network of
transmitters can be planned and
operated in such a way that, in the
absence of sky-wave interference, up to
five message transmitters may operate
simultaneously without causing undue
mutual interference, because they are
sufficiently well spaced. Interference
from other services is also unlikely to be
significant during the daytime. After
dusk, however, and sometimes in winter
daytime, interference from longer-
range sky-wave signals might be
experienced from other transmitters in
the network or from transmitters of
other services. The effect of this
depends upon the relative strength of
the local signals and, for the small
service areas envisaged, sky-wave
interference from one message
transmitter to another is not expected
to be a serious problem.

Co-channel interference from the f.m.
coded signals of distant message
transmitters could cause difficulties in
two ways. They would be a potential
source of trouble at times when local
transmissions are not taking place but a
“start” signal is received from a distant
station. In this case, a ‘‘false start”
might occur and a motorist would then
receive a weak and irrelevant message.
The rugged nature of the f.m. coded
signals, which can penetrate down to
very low field-strength values and
through conditions of heavy
interference, would increase the
probability. Various simple solutions
are possible — for:example, in a
quiescent area a transmitter could be
powered but without modulation. This
would provide a protective “blanket” of
c.w. signal against unwanted ‘“start”
signals, preventing activation of
receivers by “capture effect” in exactly
the same way as the ring transmitters.

Interference from f.m. coded signals
may also be heard if a “‘start” signal or
“finish” signal is radiated by a distant
station while a local message is being
received. Such interference would be
heard as a very brief “bleep” and may
not be found disturbing. Tests are in
progress, however, to assess its
importance; the results will help to
determine the form of network control.
For example, this kind of interference
would be avoided completely if it were
arranged for control signals never to be
radiated during the message period of
any other transmitter,

Interference from other (non-traffic
service) transmitters would cause
problems similar to those for
conventional a.m. broadcasting and is
therefore unlikely to be serious for an
information service of the type
described. The effects of interference
depend, of course, on the choice of
carrier frequency: the traffic
information service will require a
suitable frequency assignment which
could be either inside or outside the
normal broadcasting bands. It is worth
noting that, because the total radiated

power of the traffic network at any time
is likely to be in the range 1 to 2kW, it is
unlikely to constitute a serious new
source of interference to existing or
planned broadcasting stations.

Network control

As already stated the switching and
feeding of a network of transmitters,
together with the control and
processing of information, will probably
require the use of one or more small
computers. The form of control will
depend upon the number of control
centres, which will be connected to the
transmitters by land-lines and
necessarily interdependent to some
extent.

It will be necessary to establish a
number of basic rules and priorities
before setting-up the network,
particularly  with regard to
simultaneous transmissions, the
alternative “message” and “ring” roles
of the transmitters, etc. Computer
control will make it possible to change
these rules as the situation dictates, e.g.
to accommodate day and night-time
propagation and interference
conditions, to accommodate rush-hour
traffic, and major emergencies.

Some other possibilities

Sections of motorways could be served
by low-power transmitters, perhaps
with aerials located along the central
reservation. The range of these
transmissions would be very restricted,
so that their signals would be received
only by vehicles on the motorway. The
use of the ring system in conjunction
with such an arrangement would allow:
(a) signals intended for a motorway to
be received only on the motorway (as
above); or (b) signals intended for an
area through which a motorway passes
not to be received on the motorway
(motorway transmitters in this case
would carry ring signals); or (c) signals
intended for an area through which a
motorway passes also to be received on
the motorway (motorway transmitters
in this case would remain off).

In much the same way, limited areas
such as city centres could have separate
transmitters of very low power for
separate announcements. Such a
facility could be considered, if
appropriate, for emergency or special
purpose installations.

Consideration is also being given to
the transmission of additional coded
signals to provide extra facilities. Such
signals may, for example, be used by
receivers to distinguish automatically
between old and new messages, or to
select messages intended for various
categories of vehicle.

The present situation

A committee has now been set up to
examine the needs and possible benefits
as well as to assess the ways in which a
traffic information system could be
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operated effectively. This committee is
formed from specialists representing
Government departments, the police
and the broadcasting authorities, and is
looking at several other aspects not
covered in this article. For example, the
committee is trying to make an estimate
of possible benefits, It is difficult to
evaluate intangible advantages such as
reduction of stress but attempts are
being made. The organisation and cost
of information gathering is quite a
problem too. The committee is also
considering the case for a public trial of
a system which, if recommended, is
likely to start during 1978.

It is interesting to look at possible
overall future costs. Assume that half
the vehicles in the UK are to be
equipped and that half of these will be
equipped with a self-contained receiver
or will convert their existing
installation at a cost of about £10, while
the remainder will be equipped with a
completely new combined car radio and
traffic information receiver at a cost of,
say, £40. This leads to an overall cost for
receivers of about £175m. The capital
cost of the low-power transmitter
network would be about £3m, giving a
total of just under £180m. The
corresponding estimated cost for the
Blaupunkt ARI system, mentioned
earlier, is £550m for receivers plus a
relatively small amount for the
additional equipment to add special
signals to the existing broadcast
programme signals. The cost of
gathering the traffic information has
not been taken into account but this
aspect is currently being studied in
some detail. It would of course be
similar for any system disseminating
roughly the same amount of traffic
information.

To summarise, the BBC proposal
offers the motorist the following main
advantages: (1) Drivers who have
selected the service will receive
messages appropriate to their local
area. (2) Drivers are not troubled by
irrelevant messages. (3) Drivers may
listen-.to whatever programme or in-car
entertainment they wish (including
silence), automatically interrupted by
messages as they are received. (4) Other
listeners to normal radio programmes
are not irritated by irrelevant (to them)
traffic announcements. (5) The system,
being dedicated, can be designed
properly to meet traffic information
requirements. (6) The system is flexible
and can be extended or contracted as
the need arises. (7) Only one operating
frequency is required. (8) The in-car
installation capable of giving these
facilities is inexpensive.
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Sound centenaries — it's
later than you think

FOR THE half of the audio world that recog-
nises Thomas Alva Edison as the true inven-
tor of recorded sound, Christmas this year is
a time for special celebration. It was on
December 24th 1877 that Edison, then only
thirty years old, filed the first phonograph
patent application at the US Patent Office.
The other half of the audio world, mainly
French or Francophile, hasalready celebrated
the centenary. It was in April 1877 that the
French poet Charles Cros filed the de-
scription of an armchair idea to record sound
photo-mechanically with the French
Academy of Sciences.

For Wireless World readers the most im-
portant centenary date, that of electrical
recording, is yet to come. It remains to be
seen what year and date is taken for this
event. One thing, however, is certain; the
date will be earlier than many readers would
expect.

Electrically recorded discs and electric
reproducers first arrived in 1925 and sparked
a decade of invigorating squabbles between
the pro-acoustics (such as Compton Mac-
kenzie, then editor of the Gramophone) and
the pro-electrics (Percy Wilson, then techni-
cal adviser for the same magazine!) The
electric revolution came about thanks large-
ly to the work in 1924 by a team of engine
ers at Bell Labs under J. P. Maxfield and H.
C. Harrison. But there will certainly be no
need to wait until 2024 or 2025 for the elec-
trical centenary.

If the same criteria adopted by the French
to judge Charles Cros the inventor of re-
corded sound are adopted to judge the source
invention of electrical recording then the
centenary date will be October 22nd 1978. It
was on that day in 1878 that Edison filed the
final part of his British Patent No. 1644 and
this document contains a description and
sketch of a phonograph in which the “diaph-
ragm (is) vibrated by electro-magnetism”.

If the consensus of opinion is that the
centenary of electrical recording must wait
until a hundred years from whenever the first
all electric recording was replayed by all elec-
tric means then it may be necessary to wait
until the year 2000. It was in 1900 that the
Dane Valdemar Poulsen exhibited his mag-
netic wire or strip recorder at the Paris
Exposition, a year after he had patented it.

Another possibility is that the centenary
should date from the invention of the ther-
mionic valve, which made amplification and
thus acceptable replay a practical possibility.
Here there may be another surprise for
casual historians. Although Fleming in 1904
was the first to patent the diode as a means of
high frequency current rectification, eg for
radio reception, it was Edison again in 1883
who noted and patented what subsequently
became known as the “Edison effect” — the
flow of electrons through a vacuum from one
electrode to another. — Adrian Hope. 0

Telecommunications
orders from SAPO

GEC announce that in the past few months
they have received orders worth over £1
million for private branch exchange
equipment. Customers include the Bank of
England, British Steel, Caterpillar tractors,
Debenhams, Marks and Spencer, Royal In-
surance and Tarmac. In October Unilever

ordered £60,000 worth of GEC wideband
multiplex equipment for their private
telecommunications network connecting 177
factories, offices, computer centres and dis-
tribution depots. The systems gives direct
dialling connection to 30,000 telephone ex-
tensions and access to the public network.
GEC’s most recent export order is for £4
million worth of stored programme control
equipment for the South African Post Office.
The equipment will go to Witwatersrand,
where it will replace electromechanical reg-
ister translators in 36 director exchanges. (]

Three new
Consultancies

INDEPENDENT Telecommunications Consult-
ants has been formed by Kenneth Green and
Christopher Milburn, formerly of Office
Planning consultants, and Kerr Inglis, form-
erly bf Reliance. Green was also with the Post
Office, occasionally seconded to the Home
Office and the Royal Corps of Signals.
Milburn was at one time telecommunications
manager for British Caledonian, and has
spent 30 years in telecommunications and
aviation. Inglis once worked in banking and,
at Reliance, was national accounts executive
sales manager. The firm’s address is in
Gloucester Place London NW1. .

Four former executives of Prowest Elec-
tronics, an EMI subsidiary, have formed
Pro-Bel Ltd to make and sell professional
broadcasting equipment. They are Derek
Owen, David Streel and Graham Pitman, of
Pro-Bel, and John Wilson of Link Electronics,
with which, said a statement, “Pro-Bel will
work very closely”.

The Rupert Neve group, makers of sound
mixers, have started a consultancy
specialising in “the application of electronics
to industrial processes”. Nevenco, as the new
venture is called, is particularly interested in
applying electronics to improving methods of
manufacture. O

Acoustician, heal thyself

p'arBLAY Sound Studios of Poland Street,
London, have produced a set of six cassettes
which aim to help musicians and others to
understand the technicalities of record pro-
duction. They describe them as “rightly
acclaimed” and “definitive.” Yet the man in
charge of this project and of the studio, Mr
Aaron Gershfield, told Wireless World he
didn’t know what RIAA was. The only direc-
tor of D’arblay involved in the project, Miss
Jackie Soo, said she didn’t know anything
about audio.

Among the dubious definitions contained
in a glossary which goes with the set of
cassettes, available at £30 from D’arblay, is
that the coincident microphone technique is
“responsible for the sound from stereo

‘headphones appearing to be inside the head.”

Under “Decibel” we learn that 0 dB is the
“threshold of hearing.” Feedback is some-
thing to do with tape delay and echoes,
according to the booklet, and compliance is
the ‘“‘ratio of applied energy to effective
energy in a transducer.”

When we told D'arblay they had made a lot
of mistakes they said they had had similar
reports from other journalists who had seen
the “workshop” asit is called, and were going
to correct the mistakes in the booklets by
having them reprinted.

But the tapes themselves also contain
several errors. Studio equipment, for
example, is said to be able to handle a dy-
namic range of only 20 to 30 dB, and the
examples of wow and flutter demonstrate
only that nobody at D’arblay knows what the
words mean.

The author of the booklets, whom mercy
compels us to leave anonymous, is a lecturer
at London University and we phoned him at
Goldsmith's College, where he works full
time. He left Southampton University in 1971

with a third class honours degree in physics.

He explained that he had not written the
glossary himself. The entries had come from
a number of sources. “l suggested them to
D’arblay and they were to rewrite them into a
usable form.” This was necessary because he
was having to write the booklets for the
course at a rate of one a week as well as doing
his full time job at Goldsmith. He had also left
them to fill in other details and this had led to
inaccuracies when the books were printed.

He admitted, however, that he had been
responsible for saying that the dynamic
range was 30dB.

He said he had met those at D’arblay when
they were attending an evening course he
was giving on audio visual equipment.

D’arblay told WW that the sound quality
of the press samples was not very good, but
they had had to get them out in a hurry. Since
then they had had some tape heads refurb-
ished and the quality had improved. This
might account for some doubt as to whether
the tapes were Dolby encoded or not.

As well as the cassettes, buyers are offered
a musician-finding service for groups short
of, say, a guitarist, a free visit to the studio
and, possibly, free demonstration records if
they agree to be managed by D’arblay, who
will either place them with a record company
or record them themselves.

Even here, though, there is some doubt as
to the extent of their contracts within the
record companies since at the press launch
on October 25 Aaron Gershfield said he was
still getting the record companies interested
and D’arblay were to hold a reception for the
record companies after they had entertained
the press. There seems at any rate little
reason to suppose anyone should gain from
filling in all the personal details that D'arblay
hope each of their first 10,000 purchasers will
send back to them, including a photo. [0
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Hitachi — is it a Godsend
or a Trojan horse?

THE government’s reluctance to announce a
decision about whether or not to allow
Hitachi to build a tv factory at Washington
New Town, Tyne and Wear, is understand-
able. The factory could provide up to 500 jobs
in an area of high unemployment. But it
could also throw 6,000 people out of work in
the British electronics components industry.

The British television industry is only
working at half its capacity, and demand is
unlikely to rise much about its present 1.5
million sets a year. In an interview, Mullard
managing director Jack Akerman told Wire-
less World: “We are running out of resources,
and television manufacture needs zinc, gold,
silver and aluminium, all of which are in
short supply. Yet we are proposing to invite
in a manufacturer — any manufacturer: |
would say the same even if it were not
Hitachi — to make goods we don’t want with
resources we haven’t got which will also
undermine the existing industry in this
country. If they were going to make batteries
or something which didn’t use up resources,
or artificial hearts, or products which would
benefit mankind, then all right. But the goods
they want to make are already over-
provided.”

Mullard are, however, having talks with
Hitachi to see if some agreement on tube
supply can be reached. Hitachi’s proposal is
to make one third of their production small
sets which would then not need to be im-
ported. The rest would be in the larger screen
sizes which the PAL licence currently pre-
vents their exporting to Europe and which, at
the moment, represent 60% of the British
market. In the first year Hitachi would make
.25,000 26in. sets using 110° 20AX tubes, if
Mullard were to supply them, and 25,000 22in.
sets using bulkier but cheaper 90° tubes.

The talks centre around the adjustments
needed to the Hitachi set and Mullard 110°
tube for the 26in set, and the possibility of
Mullard’s setting up a new production line
for the 22in set. Akerman is not optimistic
about either proposal. He describes the ef-
forts to design a set around the 20AX tube as
“a charade”, and the other idea “would cost
us millions”. Supplving Hitachi with a mere
25,000 tubes would mean that other manu-
facturers would be forced to cut back on
orders from Mullard because of the com-
petition Hitachi offered, and the gain in
business would merely be offset by losses
elsewhere. In addition, he asserts, “By 1980
all tubes will be 110° and the 90° tube will be
as dead as a dodo.”

The details of Hitachi’s plans have not been
published (and there is no reason why the
Japanese should risk a commercial disad-
vantage by publishing them) but the fear is
that even if Hitachi were to secure their
factory by promising to use around half
British components they would not keep
their word. There would, indeed, be no way
to keep them to it. According to a report by
stockbrokers W. Greenwell & Co, “If after a
couple of years Hitachi announced that the
prices of Mullard tubes were no longer com-
petitive and it wished to import tubes from its
part owned plant in Finland, what sanctions
could exist for enforcement?”

Akerman agrees and, even though he has
some admiration for the Sony and
Matsushita operations, he put it this way:
“Sony and Panasonic could stop buying

British tubes and components tomorrow and
there isn’t anything you could do about
it.”’He doesn't think, however, that they
would. “They are honourable people. When
they make a promise they keep to it.”

The Finnish plant is probably the main
source of distrust of Hitachi. Half of the
800,000 tubes they plan to make in the next
three years are to go overseas, including
Britain. Of the 40% shareholding not owned
by the Finnish government half is owned by
the Finnish Company Salora, and the rest by
Hitachi, and to make things worse, £3 million
of the equipment that will make the tubes
came from the Thorn factory at Skelmers-
dale. Under an agreement with the EEC there
are no trade barriers between the EEC and
Finland, and the British makers believe the
intention of Hitachi in helping set up the
Finnish factory is to switch from British to

Akerman: “Tvs already over-provided.”

Finnish tubes once their commitment to
British components has enabled them to set
up a British factory. The Finns, on the other
hand, say that Hitachi’s involvement in such
decisions, with a holding of only 20%, will be
minimal. “They are providing only some
know-how,” the firm’s managing director
was recently quoted as saying.

Some reports of Hitachi's plans claim that
the expansion they plan in the first five years
will be in the 90° tubes which it would be
most difficult for Mullard to provide. These,
then, would come from Finland.

Given a foothold within the EEC, lower
labour and transport costs and, come 1979,
the end of the PAL licence agreement and.
Akerman maintains, the Japanese could fulfil
their intention to “dominate the European tv
industry by no later than 1985.”

Added to all the, admittedly circumstan-
tial, evidence of Japanese intentions are the
claims that the Thorn factory whose
equipment was up-to-date enough to be
bought for Finland was closed as a deliberate
act to prepare the way for the Japanese
onslaught. The assertion is based on the low
price levels of imported tubes before the
closure and the speed with which they rose
afterwards. An alternative explanation is. of
course, that they were merely reacting to
changed conditions.

Skelmersdale, too, was a depressed area.
What makes the government's decision so
difficult is that, should Hitachi decide to go
elsewhere in Europe, as they have threatened
to do, they will still be able to atiack the
British market from within the EEC, albeit
with slightly more expensive components,
vet we will not even have the consolation of
the 500 jobs they were offering. [J

Standards battle
looms over digital

ta pe

By THE end of next vear 3M say theyv will be
selling digital sound recorders thev have
developed jointly with the BBC. The 3M
company will be selling three systems based
on two machines, a stereo version and one
with 32 audio tracks, both using lin tape. The
packing densities rise to well above those
quoted in earlier reports, as high as 30,000
bits per inch, and the BBC's major con-
tribution was in error correction. Although
the machines can use good quality helical
scan video tape 3M have produced a tape
which they say gives better results. It will run
at something like 45in/s past 16 vertically-
stacked, in-line (not staggered) record and 16
playback heads, which will give 13 infor-
mation and three parity bits. Playing time
will be around 45 minutes.

Those who have worked on the project
believe that the sound produced is remark-
ably undistorted and noise-free. According to
figures released by 3M the system is
achieving a signal to noise ratio of better
than 90dB, compared with an analogue best
of 68dB with additional improvements of 10
to 20dB using noise reduction.

An advantage of any digital recording
system is that the quality of the sound does
not deteriorate with each copy, or
generation, from one tape machine to
another, so that the final stereo result after
processing from the 32-track master should
be as good as the original. The BBC say there
has been no need to add a dither signal to
compensate for the crumbling effect caused
by quantisation noise at low sound levels.

Much of the work was done at 3M’s labo-
ratories at Camarillo, California, then at the
headquarters at St Paul, Minnesota.

BBC sources say that the collaboration
with 3M was closer than the corporation had
ever had with an outside company before,
and they are anxious to stress that they had
sought similar contacts with British firms,
such as EMI, five years ago without any
result. As a large tape user the BBC had
frequent contact with 3M, who were anxious
to collaborate once the efforts to find British
partners had failed.

Estimates put the price of the digital 32-
track recorder at around $150,000, which
many will say is more than the recording
industry can afford. To be competitive the
price will have to fall to that of the 32-track
machine which MCI are expected to launch
some time next year. That will sell for around
£30,000, though the 3in tape it uses is ex-
pected to sell for at least £100 a reel. One
informed guess at the future of digital recor-
ding put practical machines at least three or
four years away, and they would become
commonplace only six or more years from
now. .

Those involved in the 3M project, however,
expect that there will be other digital
machines on the professional market before
long and that as a result a standards battle
will develop. The Japanese, as we reported
last month, are making great strides in
adapting domestic video machines for sound.
These are not yet regarded as of professional
standard. but they will give playing times of
up to three hours, though the BBC say that 45
minutes is all that is usually required for
professional recording since musicians’
union rules forbid sessions any longer than 20
minutes unless at a live performance. J
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Morse — at a pulse a
second

THE American military establishment is
looking for $2.5 million to build a com-
munications link between Chicago and Puget
Sound, 2;000 miles away. But it's a link with a
difference: it is to use a beam of neutrinos.

The difficulties of adapting neutrino beams
to practical communications will be im-
mense. A stream of protons hitting a metal
target gives off a stream of mesons, which
then decay into neutrinos and muons. But
the accelerated protons need energies of
around 400,000 MeV and it has been es-
timated that, with decay tunnels, any beam
generator would have to be at least 0.5km
long.

Since the neutrinos have so little interac-
tion with their surroundings it will also be
difficult to detect them. A large mass of
sea-water would be needed so that the
neutrinos would interact to give off muons.
The muons would then be absorbed, emitting
Cerenkov light as it did so.It would be the
light which would be used to transmit the
message to normally inaccessible sub-
marines.

Here again the speed of transmission
would be very slow, some authorities say
about 100 times slower than Morse code, or
about one bit per second.

Because of the size and complexity of the
transmission and detecting equipment it is
extremely unlikely that any submarine could
carry it, so the equipment would be per-
manently based. The submarine would come
over or near the detector at pre-arranged
times, receive its message and go away. Itisa
one way communication system. Its advan-
tage would be that the signal could not be
‘interfered with. There are accelerators that
can produce the neutrino beam, such as the
CERN ,accelerator in Geneva, or Fermilab,
the site of the hoped-for experiment in Chi-
cago. O

IN BRIEF

@ Link House publications are to launch a new
magazine dealing with professional sound
recording and the music business in April
1978. It will be called Sound International.

@ International Aeradio is to provide a
computer-aided despatch system for the City
of Winnipeg's fire, police and ambulance
services. The $2.8 million contract is for
equipment to reduce the time taken to record
and transmit information to vehicles.

@ After 20 years in operation, the journal of
the Post Office Engineer’'s Union reports, one
of the first microwave telecommunications
links at Braewynner-Thrumster has been taken
out of service.

.@ 12GHz radio propagnation studies delayed
by the launch failure of the European Orbital
Test Satellite (OTS) can now start at the IBA's
research department at Crawley Court,
Winchester. The experiments are now going
ahead using Sirio. the Italian geostationary
satellite launched last August.

@ Intime Electronics have been appointed sole
UK agents for JFD fixed and variable
capacitors. The 3,000 standard and special
piston trimmers and miniature ceramic fixed
and variable capacitors will be added to
Intime’s range of monolithic ceramic fixed
capacitors in various packages.

Intime also announce a range of eight
colour coded variable ceramic disc capacitors
from between 1 and 3pf to between 10 and
45pF. Q range is said to be at least 500 from
400kHz to 1.4KHz.

@ Nine lectures on video recording will be
given at the South London College on Tuesday
evenings beginning on Jauary 17. The fee is
£6 and the organiser is Mr A. A. Rowlands,
telephone 01-670 4488.

City Audio, OFT acts

THE Director General of Fair Trading has
started court proceedings against two people
connected with City Audio, a cassette sup-
plier which went into liquidation in May 1976
owing £44,000. 1t is alleged that 400 people
had sent money to the mail order firm and
had not received either goods or a refund.
The action is being taken against the major
shareholder in the firm trading as City Audio,
Mr John William Pound, and a director of the
firm, Mr Barry Took. .

At the time of the liquidation Mr Pound
said that he had not become a director of the
firm because he had been acting as a con-
sultant to various local authorities in the
London area on audio visual equipment. At
the creditors’ meeting it was stated that he
had been signing cheques on the firm’s behalf
even though he was not an officer of the
company. The company’s assets included an
M registration Jaguar XJ6 whose use, it is
alleged, was reserved exclusively for Pound.

Another reason for his reluctance to be-
come a director, however, may have been
that at the time of the liquidation he was an
undischarged bankrupt, and therefore un-
able to hold a directorship. Since then he has
been conditionally discharged from bank-
rupty. At the time of his bankruptcy he was
carrying on wholesale and publishing
businesses from accommodation addresses
in Regent Street, London, and Croydon and
was a partner in an estate agent’s business
which had been an office equipment firm, as
well as consultant to, among others, the
GLC.

The OFT’s action follows the alleged
failure of the two defendants to give written
assurances that “conduct detrimental to the
interests of consumers” will cease. After the
City Audio collapse .Mr Pound had started
another mail order business trading frem
Baker Street. O

The Woodpecker — the West has one too!

“THE HIGH-POWFR interterence in the h.f. region

of the frequency spectrum, nicknamed “The
Woodpecker” because it sounds like a woody
chatter. is not alone. (See “Mysterv Soviet
over-the-horizon tests”, Feb. 77 issue.) The
General Electric Company, in Syracuse,
USA, is now more than two years into a 38.8
million dollar contract for an early warning
radar system which, like the now infamous
Woodpecker, is of the over-the-horizon-
backscatter (0.t.h.b.) type.

Work on the American radar system in-
‘volves tests in a nominal frequency range
from 6 to 30MHz using a pulse compression
waveform having a typical pulse repetition
frequency of 40 pulses per second.

The radar transmitter used in the tests is
sited in Maine in the USA and has twenty-
one 100kW transmitters — normally used
seven at a time — and an antenna of the
wire-fence type, 2,276 feet wide by 135 feet
high. This dipole-element antenna is steered
by computer to scan in azimuth and
elevation using six frequency bands. The
receiver site, 100 miles away in Columbia
Falls. has a 5.816 foot long antenna feeding 96
three-stage superheterodyne receivers.

The backscatter system depends on
ionospheric propagation and uses the 250- to
350km-high F2 layer as the principal refract-
ing medium. With this laver. surveillance
ranges of between 1000 and 4000km (with a

practical maximum at 3000km) can be
achieved with single-hop propagation, and
more than 4000km can be obtained when
reflections from the sea result in further
hops. This is ample range since target detec-
tion at 2500km is considered to give adequate
warning for defence purposes.

For any given ionospheric electron density
there is a maximum usable frequency (m.u.f.)
which is capable of being refracted down-
ward to reach a specified ground range a
certain skip distance from the radar trans-
mitter. Consequently, to cover a particular
ground range, the operating frequency has to
be altered, and to scan the total range of some
one million square miles requires typically
three separated operation frequencies relat-
ing to different ionospheric layers — the
m.u.fs for skip distances of 1000, 2000 and
3000km, for example. In addition, the
frequencies must change with the time of
day, geographical location, season and sun-
spot activity because all of these affect the
maximum electron densities and height dis-
tributions of the ionosphere. For simult-
aneous coverage or rapid scanning in
sequence, the radar requires frequencies
approximately *23% about a centre value.

However, since effective target areas using
h.f. radar are very much greater than those
obtained from conventional microwave ra-
dars, especially those related to aircraft and

missiles where resonance and near-
resonance effects arise due to the relationship
between target size and radar wavelengths,
the disadvantages associated with
ionospheric radar tend to be compensated.

When presenting his paper “The appli-
cation, design and performance of o.t.h.
radars’ at the recent Radar 77 conference, Mr’
W. Fenster of GEC was asked jokingly by a
delegate, “What are you going to do about
those damned communicators in the h.f.
bands?”

His equally jocular reply was, “Oh, we’ll
just switch on.”

However, he did go on to explain that,
although efforts are made to ensure that
transmission frequencies are chosen to
coincide with clear channels, stations
operating in the target area or elsewhere are
not necessarily heard at the transmitter site
due, again, to the nature of ionospheric
propagation.

If one compares this story about the
Americans with what has been observed of
the Russians, there is aremarkable similarity,
and it is reasonable to suppose that neither
the West nor the East will experience inter-
ference from their own transmitters because
they are either behind or inside the skip
distances of their transmitter beams. Who,
then, can blame the Russians for ignoring
requests to stop their tests? RA. O
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Twenty years after Sputnik the true impetus of the space race emerges

Satellite war-games, the latest score

AS AMERICAN defence spending comes up for
its periodic review we may expect to hear
more stories about the Russian arms build-
up. Yet the unfolding story of the military use
of satellites tells us a great deal about the
super-power war game which reflects credit
on neither side.

A recent estimate of the number of military
satellites in use said the Russians had 661 and
the Americans 337 in orbit, though according
to Farooq Hussain of the Department of War
Studies at King’'s College, London, the
numbers change from month to month as
satellites come in and out of use. The picture
is further confused by the number of dor-
mant or “dark” satellites in orbit which may
be used at some future date.

Recent reports have concentrated on the
Russian “Hunter-killer” satellites which are
designed to seek and destroy com-
munications and spy satellites used by the
other side. They would work by sidling
disingenuously up to the target and then
blowing themselves to smithereens, taking
their neighbour with them. Hussain points
out, however, that these are rather crude,
unselective devices. There would be no point
in using such killer satellites to take out one
enemy satellite at a time since that would
leave the enemy with any number of others
that he could use instead. A high degree of
redundancy has been built into the military
satellite programme for that and other
reasons. If the killer satellites are to destroy a
reasonable number of satellites at once the
explosion would have to be so large that it
would take out a number of Russian satellites
as well, especially if the Russians have, as is
alleged, nearly twice as many military satel-
lites as the US.

Elaborate m.i.r.v.

Now the United States Air Force has
awarded a £33 million contract to the Vought
corporation of Dallas, Texas to develop an
American hunter killer satellite which may
give a new turn of speed to the arms race.

The Americans plan to build a system
which knocks out the target by collision
rather than explosion. It would seek out its
target by identifying its heat pattern. Every
artificial satellite has a highly individual heat
“fingerprint” which could lead a hunter killer
to it, leaving even a close neighbour un-
scathed.

In addition, the intense competition for
military contracts in the US has led to ad-
vances in technology, particularly in com-
puters, which have left the Russians stand-
ing. The American system could carry a
. number of warheads which, with the greater
computer power available to the US, could be
assigned to a string of trajectories which
would take in the maximum number of
enemy satellites at one launch.

For that reason Hussain describes the
American hunter killer as ‘‘an elaborate
m.i.r.v. (multiple independently-targetable
re-entry vehicle). Like everything else it
began as a bargaining chip. The Cruise
missile was intended as a bargaining chip at
first but it turned out to be more useful to
keep the thing instead of developing a more
expensive bomber.”

Therefore whether or not the Russians are
the villains of the piece the reaction of the

American defence community to the recently
re-started Russian killer satellite tests has
been just what the US war industry ordered.
The American journal Electronics said in
October that “acceleration of military space
programs to counter new Soviet anti-satellite
satellites coupled with enhancement of US
reconnaissance capabilities could produce
explosive growth in space electronics over
the next decade.” From $790 million next
year spending would rise to $1.2 billion in
1982, and that would be the rate for the
following five years. Hussain estimates that
the US has already spent something like $2
billion on military satellites and their back
up.

Up to now neither super-power has des-
troyed any of the other’s satellites since this
is forbidden under the terms of the 1972
SALT agreement. But a rather cynical
Ametican spokesman said in November that
the agreement did not prevent the testing of
such techniques.

Interfered with

Another reason for leaving the enemy’s
satellites alone, especially spy satellites, is
that they are the means by which the SALT
agreement is monitored. They provide a
useful means of telling the other side that you
aren’t up to anything, so avoiding a future
nuclear war, which neither side wants, as a
result of misinformation.

Nevertheless there have been numerous
occasions when it appears that satellites
have been interfered with deliberately — as
when they are interrogated by light or other
radiation to test the wavebands they are
absorbing — or accidentally, as when the
satellites pass through strong electric or
magnetic fields. In both cases the satellite
may suffer a large build-up of static elec-
tricity which then discharges through the
payload and ruins the circuitry. C.m.o.s.
circuits are particularly susceptible to this
kind of damage.

Engineers’ inquiry to

BETWEEN the July announcement of a
committee of inquiry into the engineering
profession and the naming of the members of
the committee (expected by the end of
November), its chairman, Sir Monty Finnis-
ton, has been persuaded that the inquiry
should be held in private. When Wireless
World spoke to Sir Monty in the summer
(WW September, p.49) he said that he
wanted “to conduct it openly”. Indeed, he
expressed surprise that the question should
even be asked.

The Department of Industry, however, told
us in November that, aithough they were stili
considering the matter, and the committee
themselves might decide otherwise, it was
likely the hearings would be in private. One
reason given is that the committee has a lot
of work to do and public hearings would slow
the process down. Another is that, according
to the Department, those giving evidence
would feel unable to speak freely at public
hearings.

The Dol has accepted the CEl's offer to
arrange 16 regional conferences around the
country which engineers can attend and at

One complication has been that it is
sometimes difficult to tell whether a satellite
has failed accidentally or because of deliber-
ate interference. This has led to great refine-
ment of diagnostic techniques, and improve-
ments in materials technology have pro-
duced improved shielding and protection, for
example, of solar arrays. The solar arrays
themselves have been improved greatly so
that, for instance, they are transparent to any
radiation they do not need to absorb for
powering the satellite. '

Killer rays

Until the announcement of the Vought con-
tract it was thought that any American
anti-satellite device would use radiation,
whether of ion bombardment or lasers.
Earlier this year there were reports, highly
exaggerated as it turned out, that the
Russians had been developing a “death ray”
that could be used against infantry or, of
course, satellites.

Now, it appears, the Americans have been
developing a laser which could destroy en-
emy satellites, particularly the Russian killer
satellites. President Carter shocked the
group of congressmen he told about the
development at a private meeting early in
November by making clear that this was an
offensive and not just a defensive weapon.

According to Flight International, the
Americans are thinking of equipping the next
generation of military satellites with laser
weapons working at X-ray wavelengths
which will be powered by nuclear energy.

Whether such devices represent a
worthwhile use of scarce resources is a
question that each person working on such
projects must answer for himself. But it
seems clear that with each new round of such
contracts the dependence of companies and
individuals on their continuance makes the
likelihood of a halt in the weaponry build-up
recede still further.(J

be in private

which they can make their views known.
The enquiry’s first session was booked for
September 14, so it is already behind sche-
dule. The delay in starting the hearings may
be attributable to the difficulty of finding
committee members who are both knowl-
edgeable about engineering and acceptable
to all those interested in the inquiry’s
findings. The industry minister, Mr Eric
Varley, is having particular difficulty over
the choice of a representative of professional
employees. In the view of some the natural
choice is John Lyons, the general secretary of
the Electrical Power Engineers Association,
now the Engineers and Managers’ Asso-
ciation. It was the EPEA which successfully
carried the TUC resolution calling for the
inquiry two congresses ago. But the EMA, as
it is now called, is in dispute with TASS, the
technical and supervisory section of the
AUEW, over the recruitment of engineers,
and as a result is now at loggerheads with the
TUC. Lyons’s nomination would meet
TASS's stern opposition. Nevertheless *16 or
17" names have been submitted, and the
announcement is expected at any time.d
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Topics from the Radar 77

conference

The first joint IEE/IEEE radar symposium in the UK

by R. Ashmore, Communications Editor, Wireless World

The international radar conference was
held this year at the institution of
Electrical Engineers in London. The
symposium, Radar 77, was organised for
the first time by the Electronics Division
of the IEE in association with the IEEE

Aerospace and Electronic Systems Society.'

It was also supported by the Institute of
Mathematics and its Applications, the
Institute of Physics and the IERE. The
following text is based on extracts from
the conference papers.

IN THE four years since the last radar
conference the world market for radar
equipment for both civil and military
radar equipment has continued to
flourish!. The most promising areas of
radar technology are those associated
with the cost-effective extraction of
unambiguous data from the radar re-
turns and the utilization of the data in a
way which gives maximum operational
flexibility to the end user.

In terms of hardware and practical
techniques this means that first of all
radar sensors must be equipped to
withstand the onslaught of electronic
counter measures. This design require-
ment begins in the aerial and new
aerials are now coming into production
with coverage patterns offering excep-
tionally low off-beam sensitivity to
jamming over a very wide band of
frequencies. This minimizes the effects
of all but main beam jamming. Separat-
ing wanted data from large amounts of
unwanted returns caused by metero-
logical and tepographical conditions,
and in the case of defence systems from
deliberate man-made interference, pre-
sents a fascinating technological chal-
lenge, and it is in this area that some of
the more exciting advances have been
made in recent years. ’

High power pulse Doppler radar can
give extra good performance in this
kind of environment because of the
noise performance of the transmitter
and the resolution and stability of the
filtering and gating systems.

Good signal processing also leads to
good radar visibility, and in recent years
the availabiljty of cheap reliable i.cs and
storage has opened up new possibilities
for producing cost-effective systems.

Moving target indication systems use

velocity filters to remove all returns
from static objects and accept only
finite velocity components. The latest
systems split up the velocity range into
bands, each having their own filters, so
that moving targets are detected
against a smaller number of unwanted
targets. These clean radar responses
can be readily stored or transmitted
over narrow band channels.

Over the last twenty or twenty-five
years, because of the large size and cost
of computing equipment, general-
purpose control machines have been
used for radar to take the total comput-
ing load. More recently, over the past
five years or so, these have given way to
“distributed processing” methods in
which computers are used freely, and
communicate with each other through
simplified communications channels.

Recent advances in radar
technology’

The more recent advances in radar
technology have largely been due to
advances in solid state technology and
automatic data processing. As a result
pulse compression techniques of in-
creasing complexity are being used in
transmitters to achieve higher reso-
lutions. In antenna design, phased ar-
rays are being used in more appli-
cations, and sidelobe levels have been
improved considerably.

Adaptive techniques have also been
used with considerable success and, in
some frequency bands, all solid state
amplifiers have been produced. In ad-
dition, digital processing techniques
have enabled signal processing in
receivers to be improved. Most of these
advances result in better rejection of
unwanted signals, higher resolution of
targets, possible identification of tar-
gets, much improved sub-clutter
visibility, and automatic detection
tracking.

Phased array techniques coupled
with solid state techniques (such as l.s.i.
and s.a.w.) and signal processing
(digital filtering, fast Fourier trans-
forms, digital m.t.i. and microprocessors
etc.) have resulted in greater flexibility
in radar design. These advances could
not be forecast ten years ago, and it is
just as difficult for anyone to forecast
where we will be ten vears from now.
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Man-portable surveillance radar’
An experimental man-portable multi-
beam radar, capable of maintaining
continuous surveillance over a 60° sec-
tor, was described in one paper. The
equipment, which should also be cap-
able of observing fleeting targets that
may not be seen by single radars, meas-
ures only 260 X 300 X 170mm including
its battery.

The radar operates by illuminating
the surveillance sector with a broad
beam and detecting the target returns
by means of eight narrow receiving
beams. A surface acoustic wave (s.a.w.)
network is used for beamforming at an
intermediate frequency and, after mix-
ing to video by means of a reference
signal generated by another s.a.w.
device, the signal returns are digitized
and filtered to remove unwanted clut-
ter. Integration takes place before dis-
play. The equipment also includes
headphones to allow a target to be
identified by its Doppler signature.

Separate aerials are used for transmit
and receive, each comprising an array
of sandwich wire elements, and the
transmitter aerial elements are
weighted to provide a flood-light beam.
To minimize power consumption the
digital processing is performed as
slowly as possible with a low p.r.f. Todo
this a magnetron transmitter is
required, as this is the only device cap-
able of emitting the required power at
such a low p.r.f. The receiver aerial
comprises an array of 15 elements with
a 16th element adding an a.f.c. loop.
Mixing toi.f. is performed by an array of
16 microwave integrated circuit (m.i.c.)
mixers fed by a 16-way m.i.c. power
splitter from a solid-state local os-
cillator.

After amplification the amplitudes
from all the channels are matched using
attenuators, which also introduce a
cosine weighting to improve sidelobe
performance. Information from the 16
channels is then multiplexed into a
single channel and passed through an
a-to-d converter. After filtering to
remove stationary clutter the output is
modulus detected, integrated and fed to
the display. The main display is formed
by a l.e.d. matrix. Although this equip-
ment is basic in nature it uses some of
the most advanced technologies avail-
able.
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Sea state and oceanic winds*
Satellite and radar techniques for
weather forecasting are attractive be-
cause they are capable of obtaining
instantaneous data from remote en-
vironments. In the case of h.f. radar this
is especially true because wind con-
ditions above the sea can be deter-
mined, in addition to the sea state itself.
Coverage depends on the propagation
mode used. A ground radar operating at-
m.f. or h.f. from a coastal site or sea
platform, and using a vertically-
polarized surface-wave, gives a
maximum range of about 200km, cov-
ering up to 12X 10" square kilometres of
ocean. Skywave radar, on the other
hand, operates at h.f. and gives a
maximum range of 3,500km by a
single-hop F-layer reflection (or more
by 2-hop reflection) giving a maximum
coverage of 40 x 10° square kilometres.
However, due to multipath ambiguities
it is difficult to use at ranges less than
700km.

The technique relies on extracting
information from the Doppler spectrum
of the received signal. High quality
ground wave data enables surface-wind
direction, sea-state, sea-wave direc-
tional spectra and frequency spectra
and the radial component of sea surface
current to be determined. At this time,
using sky-wave data, it is only possible
to map surface winds, but work in pro-
gress promises that all the above pa-
rameters, except surface currents, will
be possible. Some of this work is being
carried out by Birmingham University
who are using a modified h.f. backscat-
ter ionosonde, located in Gloucester-
shire. Using this system and a method
devised by Long and Trizna® they have
found wind directions in the North
Atlantic by examining the Doppler
spectra. The antenna used is a 300m
long array consisting of 49 vertical
broadband monopoles in front of a re-
flector screen. At 10MHz, the
beamwidth is nominally 6° with the
sidelobe levels being reduced by taper-
ing the elements, but a total sector of
60° may be covered by scanning in steps
of 2° or multiples of 2°. The transmitter
‘delivers 100kW of pulse power and is
normally used with 500us pulses giving
a range resolution of 75km. A p.r.f. of
20Hz is chosen to achieve a range of
7,500km. A = 10Hz Doppler shift is used
to distinguish between approach and
recede Doppler frequencies even
though, for combined oceanic and
ionospheric frequencies, a band width
of £5MHz is adequate.

Automatic collision avoidance

For automatic anti-collision on vehicles,
such as railway stock, one has the
choice between microwave and laser
frequencies. Laser systems result in
very sharply defined radiation patterns
without unwanted sidelobes, even for
small antennas. A prototype laser se-
condary radar of this kind has been
developed by the Technical University
in Vienna, Austria, and used, in con-

junction with the Vienna Rail Traffic
Administration, in underground trains®.

The system uses idéntical receivers
and transmitters in both the primary
and secondary radar equipment. The
transmitter contains a driver circuit and
a pulsed gallium-arsenide semiconduc-
tor laser and its collimating optics. The
receiver consists of receiver optics, a
silicon photodiode and amplifier
circuits. The distance between two
trains, one carrying primary radar at
the front and the other a transponder at
the rear, is computed in the primary
radar equipment by a Single processor.
The measured range value is indicated
on a display and transmitted to the
transponder by digitally modulating the
primary laser pulses. These are demo-
dulated at the transponder and dis-
played. Radar beam divergence must
not be too small and transmitted power
must be reasonably high to ensure suc-
cessful system operation in curves and,
by reflections from tunnel walls etc, in
sharp turns. Consequently, the system
needs a semiconductor laser array in the
transmitter and a large photodiode area
in the receiver.

In the trials, the electro-optic system
proved to be satisfactorily insensitive to
the excessive levels of electromagnetic
interference near the rail. Range per-
formance, accuracy, speed measure-
ments and data transmission also
proved to be consistent with the
theoretical calculations and con-
sequently adequate for collision avoid-
ance applications.

A second paper’, “F.m./c.w. radar
with high resolution range and Doppler
applied to anti-collision radar for
vehicles” was concerned with rear-end-
collision type traffic accidents on high-
speed roadways.

To determine the safe distance to the
preceding vehicle when two vehicles
are travelling at speed, it is necessary to
measure the distance and relative speed
between the two vehicles, in addition to
other parameters such as deceleration,
road conditions and driver reaction
time. Standard Electrik Lorenz of West
Germany, in co-operation with
Daimler-Benz, have devised and con-
structed an anti-collision system which
consists of a f.m./c.w. radar sensor and
a warning microprocessor. Unlike sys-
tems using infrared or ultrasonic meas-
urement techniques, this system is fully
operational even under adverse
weather conditions. The radar equip-
ment consists of a Gunn oscillator
transmitter which is frequency modu-
lated with a sawtooth. This modulation
frequency must be highly stable to
evaluate relative speed and therefore it
is derived from a crystal oscillator in a
frequency synthesizer.

The incoming signal is converted to a
video frequency, passed through a low-
noise video amplifier (amplitude
weighted) and a main amplifier and
then a high-pass filter so that the field
strength of close targets can be equal-
ized. The microprocessor is used to
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calculate the safety interval for the
condition from the relative speed of the
two vehicles.

The system gave operational charac-
teristics as follows: Range 130m, dis-
tance resolution and accuracy 10
+2.5m, relative speed range -30 to
+160 *=2.3km/h, resolution 10km/h
and system reaction time less than 0.1s.
The horizontal and vertical beam
widths used were about 2.5° and 6°
‘respectively. It was found that false
alarm problems encountered are due to
the momentary acquisition of objects
such as posts and signs on the side of the
road, interference in curves, roadway
separators and guard rails. The micro-
.processor is programmed to suppress
these false signals as much as possible
by a series of logic and comparisons.
Momentary targets can be eliminated
by time discrimination and alarms due
to curves may be suppressed by slewing
the antenna and/or limiting the
maximum range of the radar sensor.
False alarms due to extended target
objects such as guard rails, can be
eliminated by the f.m./c.w. principle of
independent speed determination.

Trials so far have shown that the
system meets, and in some respects
exceeds, expectations. It has been found
that the antenna must be located at a
height of about 50cm above the ground.
This height is a compromise since, any
lower and the amount of dirt on the
radome increases, which can lead to a
reduction in range, and any higher and
there is an increase in interference due
to multi-path propagation. [
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For a review of over-the-horizon radar
see News story ‘The Woodpecker! — the
West has one too’.
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New i.c. for f.m. receivers

An improved i.f. circuit with a high s-to-n ratio

by L. R. Avery, RCA Ltd

The well tried and tested CA3089E has
been available for the last eight years
and during this time it has become
widely used throughout the

receiver industry. The device has,
however, been criticised over certain
limitations. With these limitations in
mind, and following discussions with
receiver manufacturers, RCA has
designed the CA3189E. This article
describes the new i.c. and shows a
practical circuit suitable for evaluating
the device.

THE CA3189E features a high-gain
limiting i.f. amplifier, single-coil quad-
rature detector, a.f.c. output, separate
audio output, signal-level meter output,
adjustable threshold-delayed r.f. a.g.c,,
noise and deviation muting.

The i.f. amplifier consists of three
differential amplifier stages which pro-
vide a typical input limiting sensitivity
of 12pV. The cascode input stage, shown
in Fig. 1, provides a low input capacit-
ance and high gain for use with ceramic
filters. The input transistors Tr, and Tr,
are optimised for low emitter-base input
capacitance consistent with high
frequency performance and low noise.
Load resistances of about 2k{? are used
so that the required gain may be
achieved in three stages. Darlington
emitter followers are used to provide
buffering and d.c. level shifting to the
following stage as shown in Fig. 2.

One problem with any wideband
high-gain limiting amplifier is noise. If
the amplifier bandwidth is made
significantly higher than the operating
i.f. frequency, two otherwise out-of-
band signals can be multiplied together
resulting in a noise component which is
now in the pass band. The higher the
amplifier gain the worse this problem
becomes. A typical limiting sensitivity
of 12V, with a frequency response
curtailed above 15MHz has been found
to provide the optimum performance
compromise. Restricting the i.f. band-
width has the added advantage that
printed circuit board layout require-
ments are not so critical as the CA3089E
with its 25MHz bandwidth.

Deviation and noise muting

The noise muting circuit operates by
detecting the absence of a limited car-
rier, or sufficient holes in a fully limited
‘carrier to provide a suitable muting

signal. Sensitivity of the noise muting
circuit has been adjusted so that when
the r.m.s. signal level falls below about
120mV the muting output voltage on
pin 12 rises, as shown in Fig. 3. This
circuit is therefore well suited for inter-
station noise muting but does not work
so well when tuning into or out from a
strong signal. From Fig. 4, it can be seen
that in the presence of a strong signal
the noise muting circuit may receive
sufficient signal level to return the
muting output voltage to a demuting
level whilst the receiver is more than
300kHz from the correct tuning point.

Examining the audio output at pin 6 in
this tuning condition shows that thed.c.
level is a long way from that of the
correctly tuned point, and is in fact
following the detector’s “S” character-
istic. Because a sudden d.c. shift from
the reference level takes place in the
audio output a “thump” will occur in
the loudspeaker unless steps are taken
to reduce the speed of the muting/
demuting action. The same problem
occurs in reverse if tuning through a
station.

When sufficient holes appear in the
carrier, the muting output goes high

4 Fig. 1. Cascode input stage.

Fig. 3. Noise mute output
characteristic.
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and the audio output is again returned
to the reference level. One method of
reducing the “thump” is to place an
integrating circuit between the muting
logic output at pin 12 and the audio
muting control input at pin 5. However,
slowing the action of the muting circuit,
so that a worst-case 2V d.c. shift can be
handled, requires a relatively long time
constant which may be unacceptable
when tuning quickly. A smaller time
constant could be used if the d.c. shift
were considerably smaller and prefer-
ably less than the peak audio output.
This is achieved by the deviation mut-
ing circuit which consists of two accu-
rately determined reference levels,
symmetrically placed about the correct
tuning a.f.c. reference, two comparators
and an input from the a.f.c. circuit as
shown in Fig. 5. Current sources Tryg
and Tryg; provide and sink an identical
current of approximately 700pA. This
current, through Ry and R4, establishes
equal upper and lower reference levels
symmetrically about the pin 10 a.f.c.
reference level. The upper reference
voltage is fed to the base of Tr)y which,
with Tr,q, forms the upper reference
comparator. Similarly, Try; and Treg
form the lower reference comparator. A
common input for the comparators is
taken from pin 7 and the outputs are
ORed via current mirror Tr g, Try; into
pin 12. With this arrangement the sen-
sitivity of the deviation muting circuit
can be controlled by varying a resis-
tance between pin 7 and pin 10. A 15k
resistor gives a typical deviation sen-
sitivity of +40kHz, as shown in Fig. 6.

Audio amplifier :
During discussions with receiver manu-
facturers there was a consistent plea
for better noise performance. Inves-
tigations into the cause of excessive
noise in the CA3089E revealed three
main sources. The if. amplifer, the in-
ternal stabilizer regulator, and the
audio amplifier itseif. The main cause of
noise in the regulator circuit was the
zener diode, the construction of which
has been changed in the CA3I89E to
reflect current knowledge of low noise
zener design. Additionally, the audio
load resistor is now connected exter-
nally between pin 6 and pin 10 to allow
decoupling of any noise. Experience
with devices fabricated to date, how-
ever, indicates that only a half to one
decibel improvement can be made in
s.-to-n. ratio by decoupling pin 10.

Tuning meter

The tuning meter circuit consists of
three amplitude detectors fed from the
output of the three limiter stages, a
current summer, and an output level
shifter. Under ideal zero signal con-
ditions the current from the summer is
approximately 200pA. In a practical
application noise from earlier stages,
particularly the r.f. and mixer circuits,
causes a far higher current under zero
signal conditions. Therefore, a d.c. off-
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set has to be built into the meter drive
circuit to show a true zero under zero
signal conditions. The typical meter
characteristic of a CA3189E is shown in
Fig. 7.

R.f. a.g.c.

In the 3089E the threshold level of the
a.g.c. circuit was fixed at approximately
10mV if. input, and the r.f. control
voltage started at 4.5V. In the 3189E,
shown in Fig. 8, the circuit offers
flexibility in controlling the a.g.c.
threshold and provides a d.c. output
. suitable for obtaining at least 40dB of
. control when using a ‘dual gate
m.o.s.f.e.t. stage. The point at which
a.g.c. occurs can be chosen by feeding a
suitable control voltage into pin 16. The
threshold voltage required at this pin is
1.3V. A voltage rising from below this
value to above it will cause the onset
and completion of r.f. a.g.c. at pin 15.
The input control voltage may be ob-
tained from pin 13, in which case the
threshold level can be varied from a
nominal 200uV i.f. input, to 200mV.

Practical circuit

The application circuit in Fig. 9 achieves
a s.-to-n. ratio of nearly 40dB for an
input of 3uV. Fig. 10 shows the s.-to-n.
graph together with the a.m. rejection
ratio. Both of these ratios are referenced
to the limiting output of 1V r.m.s. Input
signal in both cases is 1lkHz modulation
with +75kHz deviation.

Resistor R, is chosen to provide a
correct terminating impedance for the
particular ceramic filter used. For the

Fig. 9. Practical circuit which
achieves a s.pto-n. ratio of nearly
40dB for an input of 3uV. All filters
and coils are Toko types
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Toko CSFE device a 390% is used. Res-
istor R, sets the deviation muting
threshold. Using 15k§2 gives a threshold
of about *+40kHz. Resistor R; sets the
audio level, and with 12k{ the recov-
ered audio is about 1V r.m.s. By making
this resistor larger, the recovered audio
is increased and the s.-to-n. ratio is also
increased by one or two dB. If the value
is too large it will cause an increase in
distortion. Fig. 11 shows the re-
lationship between the recovered audio
level and the value of R;. The 3.9n
capacitor from pin 6 to ground provides
correct de-emphasis when R, is 12k .

With a high gain device such as the
CA3I189E, attention to layout is import-
ant. Pin 4 should not be treated as an a.c.
decoupling point for any capacitors
other than the 10nF from pin 3. De-
coupling capacitors should be taken to
pin 14. [t is preferable to use miniature
plate ceramic capacitors because they
have a small radiating area and-a high
self resonant frequency. []

A p.c.b. which accommodates the
CA3189E and its associated
circuitry {excluding the CSFE
filter circuitry as shown in Fig. 9)
is available for £2.50 inclusive
from M. R. Sagin at 23 Keyes
Road, London N.W.2.
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CONTROLS FOR THE
AGED

I CANNOT but endorse the complaint voiced
by “Mixer” in your November issue about the
lack of simple controls for some of the more
ordinary radio and hi-fi gear. We are told that
our nation is rapidly becoming more elderly,
and our electronic suppliers have not yet
reacted to this change. Recently | was asked
to advise a lady in her late 80s about the
purchase of a simple portable radio. Basically
her needs were for a set which had a volume
control and on/off switch and four push-
buttons labelled Radio 1, Radio 2, etc.
(though I doubt very much if Radio 1 would
have been used by this person). I was amazed
to find that radios with push-button station
selection are no longer made. Why not?
Surely manufacturers must have relatives
and friends whose hands are not as precise as
they used to be and are not able to cope with
a tuning diai. Or do they imagine that the
elderly spend their time in motor cars rather
than by fireside? Car radios have push-
button station selection. so it is quite
technically possible.

Now before all manufacturers rush off to
put an old people's set on the market with
push-buttons let me tell the tale of the old
lady in her 90s who lived alone and was
bedridden. She had the 'phone at her bedside
but as she was so feeble she had difficulty in
dialling the rnumbers she wanted. Our ever
alert Post Office comes to the rescue with a
large box on the top of which was a large
push-button which would connect her
directly to the exchange. Yes — you have
guessed it — she had not the strength to
operate the push-button! All this in an age of
touch-contact station selection on tv sets! Of
course, when she did get the exchange they
always wanted to know why she had not
tried dialling the number herself because the
iarge box with the push-button did not send a
message to the exchange to alert them that
this subscriber needed special assistance.
Perhaps in the future with the arrival of
microprocessors we shall have everything
done just right — and by then I will be old
enough to enjoy it ali.

C. Grant Dixon
Ross-on-Wve
Herefordshire

USING (OR NOT USING)
MICROCOMPUTERS

WITH microcomputers I think the present
situation is not at all a good one — for users
or i.c. manufacturers. One problem is the
strange fact that one must do a lot of work to
get a system operating if it is to function
anywhere near the capability of the
hardware. Many introductory articles have
been written, but usually such articles end
with trivial applications. To sell a chip and
about nine hundred pages of text with it — a
splendid idea!

The ‘‘ready to go”’ systems are best
described as empty systems; they are not
ready to do anything. If you want a r.om.
made you must not provide a neat sheet of
numbers but a set of punched cards.
Programming is very annoying because of
the many steps required; the programmer
feels he is doing a lot of work that could be
done by the machine itself

Conclusion: all work and problems are

shifted to the customer. Of course this does
not matter if you are a very large
organization like a motor car manufacturer.
Small scale applications are almost
impossible when you look at the
programming effort required.

I hope that not too much space will be
devoted to the microcomputer in your
columns. If we all turn our backs to it, it
might go away and come back later, a little
bit more adapted to the user.

W. Trapman jr.
Boskoop
Netherlands

HI FI CRI

MAY I as a mere service technician toss an
idea into the Great Amplifier Debate
(October letters p.60, November issue p.63)
and perhaps provoke a reply from the
golden-eared brigade?

These folk would have us believe that they
can detect differences between, and even
fauits in, amplifiers whose performance is so
good that it is all but beyond the present
limits of measurement. “Ah yes,” they wilil
say, “but you can’t measure everything you
hear.” That is true of course, but can I ask the
cognoscenti “How do I repair your super
musical super amp?” Even if I obtain the
exact replacement components (though I
must admit [ can’t tell the difference between
a BC109B and a BC109C when they’re
handling half a volt) there is no way to test
the completed repair even if I had the test
gear todoit!

Perhaps our gifted brothers will make
themselves available for a few hours each
week at workshops throughout the country
to ensure that the standards they have
invented are maintained.

D. H. Macready
St James
Northampton

THE SECRET
WAVEMETER

IN YOUR feature “Sixty years ago” in the
October 1977 issue you described my article
on a heterodyne wavemeter. This was the
first of thirteen articles on the technology of -
the thermionic valve. These Wireless World
articles were to most of the generai public the
first systematic disclosure of the various new
and revolutionary techniques in radio

reception and transmission. Much credit is
due to your journal. Professor Fleming, in the
preface to the first edition of his book “The
thermionic valve,” published in 1919,
generously acknowledges a debt to these
“excellent articles” and made equally
generous use of the circuits and texts.

The initials“D.J.”” were arbitrarily chosen
by me because at the time I was a wireless
officer at the Front and apprehensive of what
the army would think. I had good reason for
my fears. The official attitude at GHQ
seemed to be that anything connected with
valves was secret and sacrosanct, in spite of
the fact that much information had been
published in the Proceedings of the Institute
of Radio Engineers, patents and isolated
articles elsewhere. As | received a reassuring
letter from the editor, a subsequent article in
Wireless World was signed by my real name
followed by “D.J.” in brackets. My identity
was thus flaunted and GHQ immediately
took action. A strong letter was relayed
through Ist Army HQ, Corps HQ and
Division HQ and finally reached my signals
company, asking by what authority this
officer was disclosing military information to
the press contrary to army regulations. |
informed my commanding officer (to his
great relief) that under war regulations an
alternative to army channels was submission
to the Press Bureau in London which had
duly censored and passed my articles. This
exculpation travelled back to GHQ through
the same channels as the complaint and I
heard nothing more. [ am certain that had my
thirteen articles been submitted through
army channels they would have been sup-
pressed.

The heterodyne wavemeter was important
at the time because I had been entrusted
with the first small-power c.w. sets to be tried
out in battle conditions. I used them to effect
communications between forward
observations posts and a howitzer battery’
headquarters on Vimy Ridge. These sets
were extremely effective and were
extensively used in 1918 for general
divisional communications with brigades
and battalions in the line. During the Battie
of the Lys all ordinary line communications
in my divisional area were destroyed by the
enemy.

John Scott-Taggart
Beaconsfield
Bucks

ECONOMICAL TIME-
MARK GENERATOR

REFERRING to the time-mark generator
described in the November issue, [ have had a

‘similar circuit in use for some time, and in the

light of my experience would offer these
comments.

1. Starting with a 10MHz crystal has two
advantages. It enables the faster timebases of
modern oscilloscopes to be calibrated. It also
enables more easily distinguishable
harmonics to be used when calibrating v.h.f.
receivers.

2. Unless the oscillator is supplied with a
higher h.t. voltage than the 5 volts needed for
the rest of the circuit, it is difficult to get a
sufficiently steep wavefront to trigger the
first decade divider. especially if it isa 10MHz
crystal. It is therefore advisable to insert a
Schmitt trigger (7413) between the oscillator
and the first 7490. This will trigger from a
slowly rising wavefront.
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3. The setting of C, is quite critical if the
highest order of accuracy is wanted. An
easily available standard frequency is the
BBC transmission on 200kHz, which can be
picked up in most parts of the country on a
few feet of wire attached to a simple tuned
circuit. For example in North Yorkshire, well
over 100 miles from the transmitter, [ get
150mV peak to peak on a 10ft aerial attached
to the top of a tuned circuit, and this is much
more than adequate to display on one input
to adouble trace oscilloscope, while the other
trace is locked to the calibrator switched to
the 10us output. There will then be exactly
two radio waves for every marker, and C,
should be adjusted until the radio waves are
stationary on the screen. 1t will be found that
the adjustment of C,is then much too fierce,
and a better result is obtained by splitting it
into a fixed capacitor in paralleh with a
variable of some 10pF.

4, Finally, in Fig. 3. 1 would query how
accurate counting could be accomplished.
Whichever frequency was used to lock the
‘timebase, the other would be travelling
across the face of the tube at a rate of knots
too fast to count.

W. Winder
Harrogate
Yorkshire

AUDIBLE AMPLIFIER
DISTORTION

IN his article on amplifiers (November 1977)
Peter Baxandall has rested a naively drawn
case on a narrow conception of distortion. An
extreme subjective position — that there is
no difference to be heard between *first class,
competently designed, amplifiers’” — is
supported by rational criteria which, though
conventional, are incomplete in themselves
and utterly inadequate to the task.

It is astonishing to us that there persists —
at such a late date, and in the face of even our
own relatively short experience with a wide
variety of internationally available
commercial power amplifiers — an attitude
of mind that refuses to respond to the ever
increasing weight of subjective evidence
from enthusiasts and experienced hi-fi
equipment dealers.

We do not believe it adequate — however
superficially justifiable — to attack the
problem by gripes against the British hi-fi
press and its reviewers' shortcomings. We do
believe that “first class. competently
designed” power amplifiers sound different,
and that the differences matter and can be
rationally accounted for, and a prescription
for universal good quality laid down.

In the first place we do think total
harmonic distortion in the classical sense —
with the harmonics weighted in Olson’s
manner — to be relevant. At the same time
we know that pre-amplifiers and power
amplifiers do sound different even though
their “on paper’ specifications are far
superior to the programme material, from
tape or disc. used in their evaluation.

If the Quad diagnostic set up (Fig 1.
original article) is to be used as the ultimate
test of amplifier quality why then do the
Quad 303 and 405 sound different? This is not
a trick question — in that the 303 has an
output capacitor and the 405 does not — but
what does happen if we put, say, a 2000pF
capacitor between an amplifier and a
loudspeaker? The sound becomes “warmer”
and “muddier.” Yet this intrusion would not

appear in an analysis of the Quad frequency-
response and phase-balancing network. (To
us the Quad network — representing a
passive amplifier — appears to have 12dB/
octave slopes and thus to be on the threshold
of instability.)

In his AES paper of 1973 Otala' describes a
diagnostic circuit which he treats as a
constant delay with one h.f. roll-off pole
included to compensate for one dominant h.f.
pole used passively at the input of the
amplifier he describes. The reason would
appear to be that the ideal amplifier will delay
but not destroy the sound.

However, a 1kHz toneburst with d.c. offset
(representing speech, for example) into a
circuit such as the Quad diagnostic network
will distort — the toneburst will tilt. But
because the amplifier cancels this tilt the
effect of the network is not observed. Thus a
dramatic silence — suggesting no distortion.
Into a loudspeaker there would be an audible
change when compared with a d.c. amplifier
or one with a cut off at about 3Hz or less.

Experience in the last ten years suggests
that amplifiers (valve and transistor) start to
sound alike when the bandwidth is extended
nearly a decade on each side of the audio
band (giving 3Hz—150kHz,—3dB) at full
power; and when the distortion is about the
same from 20Hz to 20kHz; and when the
damping factor at the point where feedback
is sampled is relatively constant over the
whole audio band (implying a wide open-loop
response); and when total phase change is
less than 10° from 20Hz to 20kHz.

There are other subtle factors that affect
the final quality. But differences in sound are
not easy to expressin words. Nor is it possible
always to say which is right and which is
wrong. But if a difference exists one must
attempt always to verify, to measure and to
explain.

Tim de Paravicini and John Greenbunk
Moonlight Electronics Ltd
Cambridge

Reference

1. “An Audio Power Amplifier for Ultimate
Quality Requirements.” Jan Lohstroh and
Matti Otala, Audio Engineering Society 44th
Convention 20-22.2.1973, Rotterdam.

MR BAXANDALL raises several spurious
arguments in an apparent attempt to prove
that audio amplifier design reached its
pinnacle in the mid-sixties and that further
work is therefore pointless (November 1977
issue).

No serious workerin this field would doubt
that extreme care and attention to detail are
necessary whenever any comparative testing
is undertaken. It is an established
requirement that all documented
experiments be prefaced by a description of
“methodology™. Indeed it is quite common to
find that far more time and effort is expended
in establishing an experimental regime and in
the elimination or quantification of potential
errors than in the performance of the
comparative experiment itself. A further
necessity is the use of “control” experiments
to establish a median and to prevent
“cheating” and the influence of emotional
prejudice. It is regrettable that some
reviewers omit this part of the scientific
procedure.

Such knowledge of valid experimental
technique is not unique to the BBC or to Mr
Baxandall. It has been applied by anyone
who has been to university.

Despite the doubts of Mr Baxandall and the
apparent desperations of Mr Williamson
(letters, October 1977), the most careful
experimental auditioning does reveal audible
differences between many audio amplifier
systems. There is no magic about this or
requirement for “golden ears”. Nor is there
any need for Mr Williamson to get on to his
engineering high-horse to make blanket
condemnations. The whole point has been
missed. It is not seriously suggested that
amplifier differences can only be heard and
not measured. A great many of the
“subjective” differences can now be tracked
down and accounted for in engineering
terms. However, not all the necessary
experimental techniques have been
published for obvious commercial reasons.

The Quad nulling experiment is well
known but has significant limitations. A
considerably more exact and elegant
technique is now used by AEA in the USA
and other workers in the UK. This is the
technique of quantisation of the input and
output signals for analysis by a digital
computer. This technique enables a ‘‘real-
time’’ comparison to be made throughout the
course of a piece of music and with a great
degree of accuracy; it has permitted some
interesting correlations between measured
errors and audible deficiencies.

I' cannot believe that Mr Baxandall takes
the subject seriously if he never listens to his
amplifiers as part of their development
programme. Apart from anything else a
carefully planned series of listening tests can
check an amplifier’'s compatibility with
various loudspeakers and cartridges and
identify problem areas for investigative
laboratory action. Before writing this letter |
was able to contact the designers of six
different UK makes of high-quality audio
amplifiers. In each case the designers (all
qualified and experienced engineers)
considered it necessary to perform listening
tests in the course of their development
programme. Obviously either they or Mr
Baxandall are wrong.

I perceive, however, that the old men of the
industry are set in their ways and are unlikely
to change. No doubt Messrs. Baxandall and
Williamson do not expect Quad to bring out
replacements for the 303 or the 33. Personally
I have more respect for Quad. And, no doubt,
Mr Baxandall will not find it necessary to
publish any new amplifier circuits. I find it
sad that perfection has already been reached
because so much sounds so imperfect.

Stan Curtis
Mission Electronics Ltd
London. SW6

MAY I add my support to Peter Baxandall’s
criticism of reviewers who describe in great
detail gross differences in the performance of
many of the amplifiers and loudspeakers in
the top quality class when careful
comparison indicates that there are no such
audible differences. Moreover they claim to
hear these gross differences when
commercial gramophone records are the
source of the test programme.

" Now the distortions in any recording and
replay system using commercial
gramophone records are between one
hundred and one thousand times greater
than in any of the top quality amplifiers,
while the loudspeakers used to judge the
amplifier performance have distortions
about one hundred times greater than the
amplifiers. Not only are the distortions in a
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gramophone record system vastly greater
than in a good amplifier, but a high
proportion of the distortion is of the
frequency modulation type and significantly
more annoying per unit of distortion than are
the harmonic and intermodulation
distortions that occur in an amplifier.
Perhaps one of the reviewers can provide an
explanation of just how it is possible to detect
the trivial distortions in a good amplifier in
the presence of programme source
distortions that are about one thousand
times higher.

My laboratory is continuously involved in
assessing the sound quality from a wide
range of equipment and the most
troublesome problem that we encounter is
that of obtaining programme material of the
high quality that is essential if valid
comparisons are to be made on amplifiers
and loudspeakers in the top class, We
rejected commercial gramophone records as
asource at least ten years ago and we confine
ourselves to using first or second generation
copies of 15in/s tapes played on a professional
tape machine in the £2000 class. This sets a
high standard and leads us to reject 80% of
the studio tapes we obtain because they are
significantly inferior in quality to, the
remaining 20%. When gramophone records
must be used we employ direct cut discs.

With such high class programme material
at our disposal we cannot find any trace of
the gross distortions so vividly described by a
small group of reviewers having facilities no
more extensive than many hi-fi enthusiasts
and undertaking the reviewing in their spare
time. Adjectival extravagance appears to be
considered an acceptable alternative to
technical accuracy, a substitution that can
only lead to the rejection by the industry and
by the public of those magazines that indulge
in these fantasies.

I would comment on an important aspect
of these comparisons that is rarely
appreciated. There are generally only small
differences in the performances of
components all in the same price class and
the issue is rarely one that unit “A” is clearly
better than unit “B”. In practice “A” has
some distortions, using the word in its widest
sense, that “B"” does not have, and vice-versa.
The judges have to decide which of two
different combinations of distortion they find
least objectionable. If one comes to a
decision when listening to radio station or
record No. I, it is common to find that the
opposite decision is reached on station or
record No. 2. Differences in the quality of the
programme sources are at least as important
as the differences in the performance of
equipment in the top class.

[ would comment on another of Peter
Baxandall’s points, the use of listening panels
in assessing sound quality. Listening panels
appear at first thought to be an excellent way
of obtaining a broadly based opinion of the
sound quality of a system, but actual
experience leads us to doubt that view. If
more than a few judges are involved in a
single listening session they cannot all
occupy reasonable seats, nor can they make
the changeover between units being
compared just at the instant when the music
is appropriate for checking some specific
difference in performance that they have
noted. We are gradually moving away from
the use of such panels unless we are specially
requested to institute panel tests by a client.
The procedure we now prefer is to have three
or four experienced listeners compare the
receivers individually, operating the
changeover push-button etc., themselves

while listening to high quality programme
material, Each writes up his own notes and
after the last man has done so, he reads the
previous notes, checks for differences of
opinion and when advisable re-checks any
point of differences. Each listener is free to
make a changeover just when he wishes to
check some specific difference between the
two systems being compared and he is free to
continue his comparison for just as long as it
takes to arrive at a soundly based opinion.
We find this procedure leaves the listener
much more confident in his decision than
when taking part in a panel listening test.
Combined with the results of measurements
on the objective aspects of the two systems
and an appropriate statistical analysis of the
data, we believe that we obtain a more
accurate indication of the performance than
is obtained from the current assessment
techniques.

James Moir

James Moir & Associates

Chipperfield

Herts

Mr Baxanduall replies:

| was interested to hear about the great care
taken by James Moir to obtain programme
input sources of the highest available quality,
and | agree with his preference for conduct-
ing the tests with one listener at a time, this
person being allowed to operate the
changeover switch. The identity of the
equipment tested, in relation to the switch
positions, should not be known to the lis-
tener. I note that experience has been that,
when all due precautions are carefully taken,
first-class amplifiers are found to be abso-
lutely indistinguishable.

Though Tim de Paravicini and John
Greenbank say | have a narrow conception of
distortion, they do not state how their con-
ception differs from mine. | would say simply
that an amplifier has perceptible distortion if
it causes a perceptible quality change when
introduced into a very high grade audio
chain, due care being taken to match levels.
Surely this is the fundamental meaning of the
word? If my article is carefully read, it will be
found that no other conception of the mean-
ing is implied.

It is suggested that | refuse to respond to
the ever-increasing weight of subjective
evidence relating to audible differences be-
tween first-class amplifiers, and Stan Curtis
says this is because, like my good friend Reg
Williamson, I am “‘an old man of the industry,
set in my ways and unlikely to change.”
We've had a good laugh over this — but I do,
nevertheless, accept that I'm set in my ways
and unlikely to change, if this is taken to
mean that I view all new evidence with the
initially suspicious attitude that is a proper
accompaniment of a truly scientific outlook.
Thus I do, indeed, refuse to respond too easily

(1~-w)I Kl I

Switching untt
chassis

to evidence which is not the outcome of
proper scientific procedures, which does not
tie up logically with other established results,
and which disagrees with my own direct
experience. However, if, on further careful
investigation, I find my earlier notions are
proved to be wrong, then [ will certainly, and
gladly, change my views.

But I have found no trace of reliable
evidence to support extreme notions such as
that a power amplifier should be able to
produce full power output from 3Hz to
150kHz, nor that its phase shift should be less
than 10° at all audio frequencies. The fact
that a university department somewhere or
other may have concluded that something of
the sort is desirable does not seem to e in
itself to carry much weight.

Messrs de Paravicini and Greenbank say
explicitly that they do believe that first-class
competenently designed power amplifiers
sound different, and it may be relevant to
mention, in this context, that since writing
the article, my attention has been drawn to
an interesting contribution “Six amplifiers —
how did they sound?” by 1. G. Masters, in the
Audio Scene Canada magazine. This says, to
summarise it very briefly, that six good
amplifiers were carefully compared on an A -
B basis, using various loudspeakers, and Lo
and behold! — we heard some very striking
differences.” Some showed up badly with
difficult loads, some didn’t — but the tests
were done at quite low power levels and no
overloading was allowed to occur. It was
then discovered that some amplifiers
measured the same when tested separately as
when tested in the comparator set-up,
whereas others did not, and this led to a
careful investigation of earthing arrange-
ments in the comparator. When the un-
wanted earth-loop effects had been under-
stood and cured, “we heard . . . no difference.
None.” A “straight wire'’ test was also done —
“The amplifiers not only sounded the same as
each other, they sounded the same as our
‘straight wire’.” Though no diagram is given,
it seems that the essence of the situation can
be represented as here shown. The various
amplifiers initially had their inputs and
outputs switched on the live sides only, the-
earthy sides being taken to the switching
unit chassis “‘as with most (possibly all)
switchers that would be found in hi-fi stores.”
Thus, with one amplifier switched in, the
loudspeaker current, I. must return to the
earthy output terminal of the ampilifier, and if
the amplifier has the earthy sides of its input
and output joined together internally, as is
often the case, this current can return via two
paths, as shown. The portion (I — k)l thus
flows in the signal input earthy connection,
producing a voltage drop, V", as shown, and
this is injected in series with the signal
source. Since [ may be several amps, a small
fraction of an ohm of lead impedance will be
enough to produce a significant value of V",
and this value is clearly dependent on the
variation of loudspeaker impedance with
frequency. Some amplifiers have no low-
resistance internal connection between the
earthy sides of their inputs and outputs, and
in such cases all the loudspeaker current
must return directly to the earthy output
terminal, i.e. k = 1. No peculiar effects then
occur.

Even when double-pole switching is
adopted, similar effects to those described
above can occur if the wiring is not suitably
arranged.

Messrs Paravicini and Greenbank ask why
the Quad 303 and 405 sound different. |
suggest they should carefully re-read Peter
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Walker’s contribution on page 135 of Hi-Fi
News for July 1977. Provided the comparison
is completely fairly done, as stated, including
arranging that the overall system frequency
response is not significantly different in the
two cases, Quad are prepared to stake their
reputation on the 303 and 405 sounding
exactly alike. Differences in frequency res-
ponse of the amplifiers are negligible pro-
vided the programme material is free from
significant unwanted components at sub-
audio frequencies.

The comment about 12dB/octave slopes in
the Quad nulling test set-up indicating a
system on the threshold of instability is not
justified, for the elements in question are not
within a feedback loop, either in the amplifier
or in the separate network.

Returning to Stan Curtis’s letter, he says
the Quad nulling experiment is well known
“but has significant limitations.” Unfortun-
ately he does not state what he regards these

limitations as being. It seems to me that.

when properly used, in the various ways
mentioned in my article, it is by far the most
satisfactory technique for directly inves-
tigating subjective distortion in such a way
that the “margins of safety’” may be es-
timated.* [ have read about the digital tech-
nique being used by Analog Engineering
Associates, but whether this should be re-
garded as more elegant depends, I think, on
one’s point of view. It is certainly far more
complex and expensive, and, because of this,
may be said to lack the elegance of simplicity!
In common with the Quad nulling technique,
it operates with programme as the signal, and
whereas it clearly can be made to yield vast
quantities of information, not all useful, on
effects going on within amplifiers, I do not
see that it is a preferable technique for
investigating the subjective quality of a
given amplifier.

Stan Curtis finds it difficult to believe that |
take the subject seriously, since I do not
normally listen to amplifiers as part of the
development programme. Though he may
find this difficult to believe, it is nevertheiess
true! With regard to the compatibility of
amplifiers with loudspeakers and pickup
cartridges, I cannot for the life of me see why
listening tests should be required, for the
problem is a straightforward one involving
impedances, phase angles, signal levels,
protective-circuit operation etc. It does not
surprise me to learn, however, that many
designers do feel it necessary to resort to
listening tests. Mr Curtis says ‘“‘obviously
either they or Mr Baxandall are wrong.” But
is it not, perhaps, truer to say simply that
different people do things in different ways?
It is a fact that a design [ did for a commercial
firm was not listened to at all until the circuit
design was quite completed, but sub-
sequently came top in an independent sub-
jective assessment of many competitive
designs from various countries. Quad too
assure me that they adopt the attitude that if
you understand what you are doing tho-
roughly enough, there is no need for listening
tests during the design and development of
amplifiers, and that they do not normally
carry out such tests. Moreover, their pion-
eering work on electrostatic loudspeakers
has shown that even loudspeaker develop-
ment can with advantage be done largely on
a basis of “theoretical designability,” with
the bare minimum of subjective testing.

Lastly, Stan Curtis finds it sad that I should
believe that perfection has been reached, for,
as he says “so much sounds so imperfect.” |
can assure him, most sincerely, that I
couldn’t more fully agree with this obser-

vation as far as the end product of most hi-fi
systems most of the time is concerned. If it
were not so, we could more frequently enjoy
artistic subtleties and differences without the
intrusion of technology. I also agree with him
that there are many amplifiers around that
fall short of the ideal performance, as judged
subjectively. But I must end by repeating
that I am in no doubt at all that the best
amplifiers, unlike some other links in the
overall chain, easily meet the requirements
for subjectively perfect sound reproduction.
Nevertheless, designers, including myself,
will continue to bring out new designs, for
there are so many reasons for doing this
other than basic sound quality — power
ratings, reliability, production economy,
versatility of functions, etc.

Peter J. Baxandall

Malvern

Worcs

“As some readers will have spotted. the editor
inadvertently left out two resistors, one in each
input to the monitoring system.

LOGIC DESIGN

THERE is an important principle that was
not brought up in the fourth article of the
“Logic design” series by Holdsworth and
Zissos (May 1977 issue).

The realization of the circuit for the alarm
bell output in Fig. 14 (f) is more complex than
need be. Two of the cells in the merged state
diagram Fig. 14 (d) indicate unstable states in
which the circuit cannot remain. Therefore
the outputs in these two states do not matter
and the b output can be high. This simplifies
the circuit from:

b=Afa+ Afa
to B
b=Af+Af

In this example there is not a great saving
in hardware; two 2-input Nand gates are used
instead of two 3-input Nand gates, but in
more complex problems the savings could be
significant.

One must take care in the use of this
simplification as there is a delay in the
transition from the unstable to the stable
state. This results in an output spike of short
duration which could affect a following
circuit. This spike is far too short to operate
the alarm bell in the illustrated problem.

A. R. Harris
Biltondene Developments Ltd
London SW8§

Professor Zissos and Mr Holdsworth reply:
We agree with Mr Harris that a further
reduction of the bell equation is possible by
using the circuit conditions, A=0, f=1 and
a=1 and A=1, f=0 and a=1 for
simplification purposes. The bell equation
then reduced to
b=Af+Af

However, in this circuit a spike will not occur
as a consequence of using this simplification
and it is essential for the bell to ring
particularly when a fault occurs to draw the
attention of the operator to its occurrence.

When the transition S, to Sy;is made (Fig
14(d) the input signals required are f=1 and
a=1. By virtue of the design specification
these signals must occur in the sequence f=1
followed by a=1. Initially the circuit will
take up the condition A =0, f=1and a=0and
the bell rings as required. The transition then
takes place when a becomes 1. During the
transition from S, to S,;f=1and a=1 and
b=0. When the transition has been
completed A=1. f=1 and a=1 and again
b =0 as required.

Similar conclusions may be drawn
regarding the transition from S;t0 S,

Perhaps it should be noted that, due to an
authors’ error, state S,; has been marked
incorrectly as S, and the bell signal in this
state should be fa.

B. Holdsworth and L. Zissos

Editor's note: The following remarks were
unfortunately omitted from the authors’
reply to Mr R. M. Hutton's letter on
minimisation in logic design in the December
1977 issue. Apologies to the correspondents.

We are not at all sure what is debatable about
Example L, nor can we agree with your
statement that in this example we have
demonstrated the vulnerability of our
method. We are aware that a change of state
assignment will lead to a different solution.
All other known methods of logic design are
vulnerable in precisely the same way and it is
up to the logic designer to examine all
possible solutions if he wishes to find the
simplest solution. This is perfectly easy to do
in the case of a four-state state diagram but
becomes increasingly more difficult as the
number of state variables increases. If
minimal solutions are not vital it is probably
more economically sound to reduce the
design time.

With respect to the relative advantages of
mapping techniques in comparison with
algebraic methods this is really a question of
which method the designer is familiar with.
Certainly students we have taught do not
find algebraic methods any more difficult to
use than mapping techniques and vice versa.
If you refer back to article 1 on Boolean
algebra you will find that there are a very
limited number of rules to remember. We
would not press a claim either way with
respect to this point and would suggest that
the designer should use the method he is
most familiar with.

B. Holdsworth and L. Zissos

THE DECATRON

READING T. R. Thompson's letter
(November 1977 issue) about the 3NF valve
“integrated circuit.” brought to mind the old
“Decatron " tubes, which are still available (if
you know where to look). These, of course,
are the equivalent of a decade counter-
decoder-driver and display all in one! They
haven't even done that in semiconductor i.cs
to my knowledge.

R. E. Williams

Tilsworth

Beds

Letters commenting on Eric F. Taylor's ar-
ticles “Distortion in low-noise amplifiers”
(August and September 1977) will be
published in a later issue.
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THE TECHNOLOGIES of practical aero-
nautics and wireless are of similar ages
and it is interesting to contemplate how
closely the two have become related.
Without radio all-weather flying
operations would be impossible, while

the aircraft operator’s demands for

better radio aids have stimulated some
of the most important developments in
electronics. This article explains to
non-flying radio people why certain
branches of their endeavour have be-
come so vital to air pilots.

Weather information, of great import-
ance to seafaring men, is even more
vital to the air pilot. For unlike his
opposite number on the bridge of a large
ship he cannot drop anchor and have a
think when the fog comes down. The
modern light touring aircraft will not fly
comfortably much below 80 knots and
the big passenger jets prefer to maintain
more than twice that speed. Conse-
quently there is a clear need for good
air/ground communications if for no
other reason than to obtain the weather

by Alan Bramson
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and receive air traffic advice from the
ground controllers. Then again a pilot
cannot be sure that he will be able to fly
in conditions which allow him to see the
ground and read a map. For example
low cloud may demand that he climbs
on top or at least to an altitude that will
ensure safe clearance from such
obstacles as mountains, television
masts or the like. In each case outside
visual references are lost and map
reading is no longer possible. In the
early days of flying navigation under
these circumstances was by dead
reckoning, whereby a specialist naviga
tor kept a “running plot” of the
aircraft’s position, assuming still air. At
intervals he applied the forecast wind
velocity to these theoretical positions to
arrive at what he hoped to be the actual
location relative to the surface. At night
he would turn his attention to
astro-navigation but these days neither
method would be considered; there are
very few specialist navigators and all air
navigation is by pilot interpreted radio

Outline of communication and other aids in civil aircraft
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aids or those operated from the ground.
Finally, there comes a time when the
pilot must descend through the cloud
and land his aircraft. To do this in safety
demands letting down in the certain
knowledge that one will not fly into
high ground or man-made obstacles.
These too are conditions requiring
accurate radio guidance.

So broadly speaking airborne radio
may be divided into three categories:
communications, navigational aids and
landing aids. And since this equipment
has been designed specifically with
aircraft in mind it has become the
fashion to name it avionics.

Aircraft communications

equipment
The first practical experiments in
airborne radio communications in

Britain were conducted by Lieut C. J.
Aston, RE, and Sergeant G. R. Johnson,
who, in 1907, managed to send and
receive wireless telegraphy signals from
a captive balloon. By 1909 tests were
being made from the airship “Beta” and
the following year saw the first

successful two-way transmissions from-

a heavier-than-air machine by the
Canadian pilot J, D. A. McCurdy. Since
messages were sent by Morse, brevity
was all important so with this in view,
an internationally agreed “Q” code was
adopted in which three letter groups
beginning with the letter “Q” could be
transmitted to convey quite lengthy
messages. Because most wireless in
those days was m.f., aircraft would trail
a long aerial with a weight on the end.
Many was the chimney pot around the
old Croydon Airport that got “fished”
by the biplane airliners of the 1920s and
early "30s. )

After a brief flirtation with h.f. radio
telephony the Royal Air Force changed
to v.h.f. during the early stages of the
1939-45 war and the Americans follow-
ed our example shortly afterwards. The
early transceivers weighed about 25kg,
had only four crystal-controlled chan-
nels and gave a modest power output of
3-5 watts. Today crystals have given
way to synthesizers and 360 channels,
until recent years regarded as adequate,
are now being replaced by transceivers
offering 720 channels at 25kHz
intervals. A typical 10-watt aircraft set
would weigh less than 2kg. Other
equipment with up to 1440 channels and
a power output of 25 watts is also
available. For many years frequency
selection was mechanical, one knob
changing integral numbers of mega-
hertz and another decimal fractions

4

Cathode-ray tubes may be used in place
of conventional instruments in future
civil aircraft. This simulated c.r.t. flight
deck has been built for a Government-
sponsored BAC / Hawker Siddeley
study to simplify information displays.

Horizontal situation

indicator d.m.e.

2nd. d.m.e.
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No.l v.hf. transmitter /receiver _\'l, — NoJ Nav. receiver
No.2 v.h.f. transmitter/ receiver — | | No2 Nav.recelver
; . | Station |
Radio magnetic Transponder Illl box Weather
indicator radar
- g

No.l ad.f.
receiver

No.2 a.d.f.
receiver

A g

Typical avionics installation as fitted in
a small turboprop or light twin. Note
that most of the equipment is
duplicated.

Collins “Micro-line” avionics for
general aviation aircraft. The receivers
will store two pre-set frequencies.

v

Nav. receiver
(v.or. and i.ls.)

Marker

v.o.r. indicator

v.or. and ils /

Combined
indicator a.d.f. receiver

beacon light (i.l.s.) Station box

Transponder

v.h.f.communication
receiver

Radio
compass

l\ Rotates

compass scale

with the figures displayed in digital
form, but current practice favours
keyboard selection and electronic
readout.

Many aircraft these days carry two
transceivers as an insurance against
failure and for speedy access to the
various ground stations. They are
arranged so that the pilot may listen on
both receivers simultaneously (adjust-
ing individual volume controls to suit
circumstances) with a “transmit
1/transmit 2” selector to determine
which box is being used for passing
messages. Even this arrangement is less
than ideal because at a busy airport a
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number of frequencies may be in use
simuitaneously according to the service
being provided. Thus a pilot will call
“ground” on, say, 121.75MHz for taxy
and airways clearance, “tower” on
118. IMHz when he is ready to move
onto the runway and take-off and
“approach” on 119.6MHz after becom-
ing airborne, with an almost immediate
frequency change to, say, 128.4MHz for
London Airways as he enters this
system and climbs to his en-route
cruising level. To cater for this
quick-fire need to change from one
frequency to another some modern
v.hf. sets have the ability to store
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pre-selected frequencies for instant
recall.

Although the modern v.h.f. trans-
ceiver will provide clear reception and
powerful transmission for a modest
weight, its range is limited to the usual
“line of sight” applicable to this
waveband. To cater for long range
communications over such areas as the
Pacific or the Atlantic larger aircraft
will often carry single-sideband h.f. Its
performance is outstanding and the
only drawback, in so far as light aircraft
are concerned, is the weight of the
equipment and a price which can reach
£13,000.

If he has nothing else in his aircraft
the pilot with a good communications
transceiver can at least obtain weather
information, he can ask for radio
bearing or radar assistance and air
traffic -control services will be able to
warn him of other aircraft movements.

Navigational aids

First attempts at radio navigation were
based upon the directional properties of
radio and most of the major airports had
large loop aerials which could be
rotated in azimuth to obtain a null on an
incoming transmission, when the
controller would pass to the aircraft a
class “A”, “B” or “C” bearing according
to its accuracy. Then the loop found its
way into the aircraft, thus making the
radio operator independent of ground
direction finding; he could provide his
pilot with a fix by taking radio bearings
on two or more known ground stations
and plotting them on a chart.

To this day a much improved
direction finding service is provided at
many airfields. It accepts v.h.f. trans-
missions on the usual communications
frequencies and displays magnetic
heading from the aircraft to the station
as a radial line on a cathode ray tube.
Such ground equipment is known as
v.d.f. or v.h.f.df.

Automatic direction finding. A deve-
lopment of airborne direction finding
which emerged in the late 1930s and
remains in use to this day is automatic
direction finding (a.d.f.) It is used in
conjunction with a ground transmitter,
usually a purpose-built non-directional
beacon (n.d.b.) operating in the m.f.
bands, although broadcasting stations
may be used. Having tuned to the
required n.d.b,, identified it by a two or
three letter Morse sequence which at
intervals interrupts the continuous
400Hz tone of the beacon, the operator
switches the a.d.f. receiver to “comp”
(or, in some sets, a.d.f.) when a radio
compass situated on the instrument
panel will point to the n.d.b., thus
providing a relative bearing. If the pilot
wishes to know what heading to steer
for overhead the beacon he must add his
present compass heading to that
indicated by the radio compass, e.g.
aircraft heading 045°, radio compass
025°, heading to beacon 070°. If the
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Reference

South radial phase
comparison

West radial phase J’#
comparison m

North radial phase
comparison

Reference

East radial phase
comparison

Fig. 1. V.h.f. omni-directional radio
range transmission showing phase
relationships for north, east, south and
west. The reference signal is fixed in all
directions while the clockwise rotating
beam changes cycle to produce an
infinite number of radials, each of
different phase relationship.

answer exceeds 360° he must subtract
360° from it — all this in his head while
flying the aircraft. To relieve the
pressure some radio'compass presenta-
tions include a bearing scale that
rotates with the aircraft’s gyro compass
system. These useful instruments are
known as radio magnetic indicators.
A.df. operates in the 200-1600kHz
bands and modern equipment is crystal
controlled and digitally tuned. The
servo-controlled rotating loop aerial of
earlier a.d.f. sets has for some years
given way to a simple fixed aerial
suppressed within the aircraft struct-
ure.

A.df. suffers from night effect, coastal
and terrain distortion, quadrantial error
(due to proximity of the metal airframe
which “bends” the bearings from the
n.d.bs) and a marked preference for
pointing towards the nearest thunder-
storm when one is active rather than
the chosen n.d.b. Having said this, a.d.f.
remains a useful aid, although its
importance has been reduced by the
advent of a more modern aid which
operates on v.h.f. and is easier to
interpret. This is called, v.o.r.

V.h.f. omni-directional radio range

(v.o.r.). Whoever gave the aid its full
title obviously believed in telling the
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whole truth and nothing but the truth.
V.o.r. is based upon the phase
comparison principle. The ground

~station consists of a v.h.f. transmitter

operating in the 108-118MHz band
which emits two signals, a reference
signal radiating in all directions with a
fixed phase, and a beamed emission
which changes phase as it rotates
clockwise like the beam of a lighthouse.
Thus at any particular point of the
compass relative to the ground station a
unique phase relationship exists
between the fixed and the rotating
signals (Fig 1). At 10-second intervals a
two or three letter Morse identification
is transmitted and some of the principal
v.o.r. beacons are arranged to provide
up-to-date airfield and weather infor-
mation on the carrier wave.

The aircraft end of the system
comprises a v.h.f. navigation receiver
(known as a “nav” receiver) capable of
accepting 200 or more navigation
frequencies and a v.o.r. converter/indi-
cator, an instrument, illustrated in Fig.
2, which is located on the pilot’s flight
panel. When the equipment is off or, for
any reason, no signal is being received a
warning “flag” appears. There is an
omni bearing selector (0.b.s.) which
allows the pilot to set the required
bearing in conjunction with a moving
scale. In adjusting the o.b.s. knob the
pilot is really matching his equipment to
the incoming phases from the v.o.r.
station. The left/right deviation needle
shown in the illustration will only
centre when the aircraft is over the
v.o.r. bearing shown on the bearing
scale. V.o.r. beacons are, by the way,
lined up on magnetic north. So if the
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pilot is unsure of his position he may
select an appropriate v.o.r. facility,
identify it using the automatic Morse
signal, then turn the o.b.s. knob until
the left/right needle lies in the centre of
the instrument with the word “to”
showing in the to/from indicator (see
Fig. 2). Reference to the bearing scale
will tell him what to steer on his
compass and provided the needle
remains in the centre he is on that
bearing to the v.o.r. station. Should, for
example, a crosswind drift him to the
right the needle will move left, telling
him to “fly left,” each dot representing
approximately 2° off track.

As the aircraft approaches overhead
the beacon so the needle becomes more
sensitive — think of all those radio
bearings converging like cycle spokes
and you will readily see why. Over the
beacon the needle will swing out left or
right, the to/from indicator will change
to “from” and, provided the pilot holds
an accurate heading, the left/right
deviation needle will continue to give
corrective information while the air-
craft is flying away from the station.
Full needle deflection, left or right,
indicates a departure from selected
track of 10° and since the instrument
will not go beyond that deviation an
adjustment of the o.b.s. knob will be
required to determine aircraft bearing
so that corrections can be made to
regain track.

Modern v.o.r. stations operate on the

Fig. 2. Typical v.o.r. converter indicator.
As shown the “no signal” flag is visible
but when a v.o.r. signal is being
received one of the “to/from"”
arrowheads comes into view.

Doppler principle (d.v.o.r.) and offer
certain advantages over earlier trans-
mitters, notably a reduction in ground
absorption effect which occasionally
“bends” the radials while the aircraft is
flying at low altitudes. Being a v.h.f. aid,
its range is limited, but aircraft flying at
around 10,000t can normally rely on

reception at up to 80 nautical miles, high_

flying aircraft considerably more.
However, for reasons of accuracy v.o.r.
is regarded as a short-range aid;
consequently beacons are spaced at
50-80nm intervals mostly within the
airways system.

V.o.r. does not suffer from static or
night effect but it is subject to the
limitations of all single point radio aids
that radiate bearings in that accuracy
declines with distance from the station.
Accuracy of the complete air/ground
system is generally regarded as *+3° so
at 60nm from the beacon an aircraft
could be up to 3nm left or right of track.
It is, on the other hand, easy to use and
accuracy is good as the ground facility
is approached. In its most developed
form v.o.r. information is conveyed to
the pilot on a pictorial display known as
a horizontal situation indicator (Fig. 3).
The deviation needle is attached to a
compass card so that it rotates with
changes of heading, so presenting itself
at the correct angle relative to a small
aircraft depicted in plan form on the
centre of the instrument glass. When,
for example, the aircraft is flying north
to intercept a bearing running east to
the v.or. transmitter an illusion is
created of the aircraft symbol closing
with the required track before turning
to follow it, when the track (deviation
needle in the instrument) will rotate and
take up a vertical position.
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Distance measuring equipment (d.m.e.).
Of course, a single radio aid giving
bearing information from a fixed point
is unable to inform the pilot of his
position. All it can tell him is “you are
somewhere along a line bearing x
degrees from me”. But two such aids —
which could be a pair of v.o.rs, a pair of
a.d.f./n.d.b. aids or one of each — will
give such a position provided the two
bearings cross at a good angle, 60°
usually being regarded as the minimum
for accuracy. However, a method of
growing importance, one that has been
developed from a wartime aid used by
the RAF, is known as distance
measuring equipment (d.m.e.). Usually
the ground equipment is located at a
v.o.r. station and its frequency will be
paired with that of a v.o.r. beacon so
that selection of a v.o.r. frequency in the
aircraft automatically lines up the
d.m.e. equipment. For example Clacton
v.o.r. operates on 115.7MHz and its
associated d.m.e. is 1191/1128MHz (the
reason for two d.m.e. frequencies will be
explained later).

In essence d.m.e. is a pulse and
respond aid. In the aircraft is a pulse
transmitter known as an interrogator
which sends coded pulses on the chosen
frequency. On receiving them the
ground station, or responder, returns a

Fig. 3. Horizontal situation indicator, a
development of the instrument shown
in Fig 2. The deviation needle is
attached to the rotating compass card
so presenting the track in correct
relationship to the aircraft symbol in
the centre of the dial. The heading
“bug” is adjusted to provide a steering
datum for the pilot and the “course”
knob sets the required v.o.r. radial.

Bearing scale

Lo .
Omni-bearing Reciprocal
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Left /Right or
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setting
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Combined v.o.r. and i.l.s.
indicator

Radio compass

a.d.f. receiver

Communications

transmitter / receiver

Nav. Station box
receiver switching

A typical avionics installation for a
light, single-engine aircraft.

similar coded pulse to the aircraft on the
other frequency, where it is received by
the interrogator during intervals when
it is not transmitting. By measuring the
time lapse between sending and
receiving back the pulse, the distance
from the ground station is determined
and shown by a read-out display.
Because the aircraft is some distance
from the ground d.m.e. measures slant
range as opposed to ground distance,
but this is of little consequence except
to high flying aircraft as they get near to
the ground station. In other words the
pilot of a jet cruising at 30400ft will
never come nearer than 5nm to the
ground station.

When flying to or from the ground
station (as opposed to passing a beam)
d.m.e. may be switched to provide the
following information: (1) ground
speed (this is different from air speed
except when there is no wind); and (2)
time to reach the station at present
ground speed. The equipment is very
accurate and in conjunction with v.o.r.
it will provide bearing and distance
information on a continuous basis.

Radar. Although radar is a ground aid
and therefore outside the scope of this
article mention should be made of
weather radar, particularly since it is
now being fitted to an increasing
number of small aircraft. The advent of
turbo-propeller and pure jet aircraft
with pressurized cabins has made
possible over-the-weather crusing le-
vels. In the Dakota days 10,000ft was
the maximum; today subsonic jets
operate in the 30,000 to 40,000ft levels
and Concorde is at its best around
60,000ft. Climbing to these levels and
descending for a landing at the end of

the journey often means flying through
several layers of cloud. This in itself
presents few problems except that some
of these clouds are of the cumulo
nimbus type (thunder c]Jouds) where
vertical currents may exceed
4000ft/min up and down and hailstones
can attain large size, particularly in
Africa where they have been recorded
as large as tennis balls. At best these
conditions can be very frightening for
the passengers (not to mention the
crew!) but there is also a real risk of
severe structural damage. The fact
that targe cumulus or cumulo
nimbus clouds should be avoided
explains the need for weather radar.
Indeed at one time it was the fashion to
call it “cloud collision radar”, an apt
name as anyone who has entered one of
these clouds will agree.

The scanner, which is in the nose of
the aircraft, has provision for tilting so
that a map of the ground ahead may be
provided, coastlines in particular being
clearly identified. The screen and radar
controls are situated in the centre of
the instrument panel within access of
both pilots, and ranges up to a
maximum of 150nm may be selected.
Some of the modern equipment is
capable of receiving an echo then
presenting a ‘‘computerised” picture

‘clearly indicating the areas to be

avoided. When a particularly solid echo
is returned a warning light comes on —
it could be another aircraft.

Transponders. The growth of air traffic
in certain parts of the world can only be
described as staggering, particularly in
Australia, South Africa, Canada and the
United States. In areas such as L.ondon,
where aircraft converge from all over
the world, adequate separation is
particularly important. Whereas in the
past the air traffic control services relied
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almost entirely on position reports from
aircraft in flight a busy terminal area.
such as Paris, London or New York is
now covered by a radar surveillance
service. Raw information on a radar
screen may at times be swamped by
echos from rain or heavy cloud;
consequently greater use is being made
of secondary radar. The aircraft end of
the system is called a transponder, a
refined version of the i.f.f. (identifica-
tion, friend or foe) device carried in
Hurricanes and Spitfires during the
Battle of Britain. In essence it is a
receiver and transmitter with coding
facilities that remains dormant until
triggered by a pulse from a ground
based radar station. The very compact
aircraft installation includes a four-digit
dial which may be adjusted to one of
4096 codes. So when London Airways
instructs a particular pilot to “squawk
four seven nine zero” the act of setting
these numbers arranges time intervals
in the transponder output which atlow
the returned signal from the aircraft to
enter a pulse gate selected by the radar
operator on the ground. Because it
rejects all non-4790 returns from other
aircraft the identification is more or less
certain. And since the pulse returned
from the aircraft is a powerful one, not
just the echo of primary radar, the
signal will not be swamped by other
scatter.

Before the introduction of transpon-
ders, radar controllers would often
instruct a pilot to “turn left for
identification”. Now, in addition to the
coded return, he may request the pilot
to “squawk ident”, a facility controlled
by the transponder switch and capable
of amplifying the return signal so that it
may be more readily identified on the
radar screen. The facilities so far
described are known as Mode A.
However, Mode C transponders incor-
porate an encoding altimeter capable of
displaying the aircraft’s flight level
alongside its “echo”, on the radar
screen. ||

The second and final part of this article
will deal with area navigation, landing
aids and developments in the future.

Circards completed

The Circards series of circuit design cards
published by Wireless World will be con-
pleted with set 33, on differential, balanced
and bridge amplifiers; set 34, on analogue
gate applications 1; and set 35. on analogue
gate applications 2. These are expected to be
available during January 1978. A further
book of collected Circards. “Circuit Designs
3", is planned for publication in mid-1978.
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Audio power amplifier design

There is nothing so practical as a really good theory — LUDWIG BOLTZMANN

by Peter J. Baxandall B.Sc(Eng.), F.I.E.E., F.}.E.R.E.

Articles describing particular amplifier
designs, or advocating specific solutions
to design problems, abound in the
literature, and it is evident that some
quite conflicting views exist on certain
topics — for example, concerning the
amount of negative feedback that should
be used. The present approach is of a
fairly broad nature, and aims to elucidate
and compare various familiar and
unfamiliar circuit techniques in such a
way that their advantages and
disadvantages may be clearly and
logically appreciated.

IN EXPLOITING the very great virtues of
negative feedback, the problems and
difficulties that arise are largely those
associated with obtaining adequate
stability margins under all conditions of
operation. In a.c. coupled amplifiers,
there are stability problems at both low
and high frequencies, but the
elimination of output transformers,
together with the adoption of d.c.
coupled circuitry in most modern
designs, has virtually removed the low-.
frequency problems.

Negative feedback and slew-rate
limits
Other things being equal, the larger the
amount of overall negative feedback
applied to an amplifier, the lower will be
the distortion. However, other things
are quite likely not to be equal, since, to
achieve stability, it is usually necessary
to introduce elements which start
attenuating the forward gain, with
rising frequency, at a frequency which
has to be made lower and lower as the
amount of overall feedback is increased.
If unsuitable techniques are used for
effecting this attenuation, increased
distortion will be generated in the
forward path of the amplifier at high
frequencies, to an extent which may
more than offset the advantages of the
increased feedback. Indeed, drastic
high-frequency internal overloading
may occur, and once this has happened,
the overall feedback is powerless to
preserve the wanted output waveform.
The rudimentary amplifier circuit
shown in Fig. 1 will serve to illustrate
the point. Here the capacitor C
attentuates the gain with rising
frequency by making Tr, function as a
Blumlein integrator. The current, [,

supplied by the first stage includes, in
addition to a component flowing to Tr,
base, a component much larger at high
audio frequencies flowing to C. At such
frequencies, and with Tr, producing a
large output voltage swing, the current
demanded by C may severely tax the
output capability of Tr, stage, and may,
in the limit, cause Tr, to overload, i.e.
cut off during part of the cycle. Whether
or not this will happen can be
determined quite simply, on a sine-wave
basis, by calculating the current in C,
which is, nearly enough, V,,/X.. If the
peak value of this current exceeds the
d.c. working current of Tr,, gross
distortion will occur. Thus the critical
condition for the onset of such
distortion is

Iy = Voul X 2 afC (H)

This relationship may be rearranged to
give a convenient formula for the
critical sine-wave frequency, f,,,, above
which gross distortion sets in no matter
how much overall feedback there is.
Thus

= Idc o
fcrit_ 2’1.‘C<>oug (2)

It is customary nowadays, in the
above context, to employ the slew-rate
concept, though it is by no means
essential to do so. This concept has long

Fig. 1 Rudimentary amplifier circuit in
which the capacitor C gives rise to
slew-rate limiting.

been familiar to workers in other fields,
particularly those of servo-mechanisms
and radar. As applied to amplifier
circuits, the basic relationship is simply
that, for a capacitor

dv/dt = i/C 3)

Thus, with reference to Fig. 1 again,
suppose the transistor Tr, is briefly cut
off; then a current approximately equal
to L. is left flowing in R, and most of
this also flows in C, producing a
positive-going rate of change of output
voltage

[AV e/ At ] s poss = 1 ,/C ©))]

This is called the output slew-rate limit
of the amplifier, or sometimes, in
commercial practice, just the slew-rate.
With the single-ended input stage of
Fig. 1, the slew-rate limit for negative-
going outputs will be much more rapid
than the above, because Tr| can turn on
much more current than it can turn off.
But when a balanced long-tailed-pair
input stage is used, as in most
integrated-circuit operational
amplifiers, the slew-rate limits in the
two directions will be approximately
equal.

The relationship (4) applies whatever
the signal waveform may be. If, at any
instant, the demanded rate of change of
output voltage exceeds this value, the
amplifier will fail to follow it properly.
Thus, if an amplifier has an insufficient
slew-rate limit, then, every now and
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then, on fast transients particularly, the
slew-rate limit will be exceeded by the
programme waveform. When this
occurs, the amplifier gain will fall
drastically, and all components of the
signal being handled at that moment
will be chopped, or modulated, by the
transient. This effect, well known to
enlightened designers of feedback
amplifiers for decades, has nowadays, of
course, become known as transient
intermodulation distortion or t.i.d.
(sometimes t.i.m.), as a result of several
papers by M. Otala. Another, more
recent, related term, due to W. G. Jung,
is slewing induced distortion, or
s.i.d.}23,

It is of interest to obtain the
relationship between the general slew-
rate limit formula (4) and the conditions
which apply with sine-wave input.
Substituting in (2) the value of 1,./C
given by (4) yields

f p— [dvout/dt]mux EOSS

crit T~
27V e

) output slew-rate limit

ie. fou= —— B)
27V gy

(This result can alternatively be
obtained by differentiating the output
voltage waveform, v = Vsin2aft, and
equating the peak instantaneous value
of the differential coefficient to the
slew-rate limit.)

In all the above, the slew-rate limit
referred to is that of the amplifier output
voltage, and this is the usual practice —
especially in integrated circuit data
sheets, where it is simply called the
slew-rate. Thus, unless otherwise
stated, slew-rate figures may be
assumed to apply to the output of an
amplifier. However, it is sometimes
convenient to express them with
respect to the input, which merely

involves dividing by the amplifier’s
voltage gain. The corresponding
equation to (5) for the input is

fo= input sleV\i\rate limit 6)
20V .,

Consideration of (5) and (6) makes it
evident that what is invariant is the
quotient of the slew-rate limit and the
peak sine-wave voltage at any selected
point in the system. Hence, more
generally,

qvbe
RT

The peak voltage V is normally that for
full output level. The quality of the
slew-rate performance of an amplifier
may thus be expressed by the slew-
rate-limit figure given in volts per
micro-second per volt peak of sine-wave
signal. For example,f,,, 20kHz
corresponds to a figure of 0.126V /ps per
volt peak.

It is of interest to consider what sort
of output waveform would be expected
from an amplifier suffering from slew-
rate limitation, on sine-wave input.
Suppose initially that the amplifier is
basically as in Fig. 1, having a single-
ended input stage which imposes a
much more severe slew-rate limit for
positive-going amplifier output voltage
than for negative-going. Referring to
Fig. 2(a), the sine-wave represents the
wanted output waveform, and the
broken line represents the maximum
rate of change of output voltage of
which the amplifier is capable, i.e. it
represents the output slew-rate limit.
The actual output therefore follows the
wanted waveform from A to B, but after
B it follows the path BCD before joining
the wanted waveform again at D. The
complete output waveform is thus as
shown in Fig. 2(b). Fig. 3(a) shows some

I=le
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experimental waveforms obtained with
a circuit having the basic configuration
of Fig. 1, for two different degrees of
slew-rate limitation overload on sine-
wave input. Fig. 3(b) shows the output
waveform for square-wave input, and is
a typical result for an amplifier
exhibiting unsymmetrical slew-rate
limitation.

The waveforms of Fig. 4 were
obtained using a type LM301AN
integrated circuit operational amplifier
as a unity-gain inverter. The 301 circuit,
very broadly speaking, has a similar
type of configuration to that shown in
Fig. 1, but with a balanced long-tailed-
pair input stage arrangement. The
external stabilizing capacitor C, more
often called the compensation
capacitor, had a value of 30pF. It will be
seen that, as expected, the slew-rate
limitation is of a nearly symmetrical
nature.

Fig. 2 Diagrams illustrating unsymmetrical slew-rate limiting.

(b)

0dB

+ 5dB

+10d8

(a)

(b;
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Fig. 3 (u) Output voltage waveforms
from amplifier exhibiting
unsymmetrical slew-rate limiting, for
three different levels of sine-wave
input, all at the sume frequency. (b)
Output voltage waveform for
square-wave input. The negative-going
transitions are not slew-rate limited.
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A great deal of attention has been
given to this aspect of amplifier
behaviour in recent years, and while it is
certainly important to avoid significant
distortion of this type, the notion that it
is a fairly newly-discovered form of
distortion is quite unjustified. It all boils
down to the fact that, to avoid
unwanted intermodulation effects, a
good amplifier should be able propertly
to track all normal programme
waveforms, whether of a sustained-tone
or a transient nature, without any
internal circuits overloading in the
process — surely an old and familiar
notion? Indeed, I cannot do better than
quote Jung, who says “there is nothing
new, unique, or mysterious about slew-
induced or transient intermoduation
distortion”?. It may be added, however,
that since some — but certainly not all —
of the earlier transistor amplifiers
suffered seriously from this type of

Fig. 4 Output voltage from
integrated-circuit operational amplifier
for equal-amplitude sine-wave inputs

at three different frequencies, showing
slew-rate limiting. Scales: 1V/cm,
Sps/em.

M4

*

distortion, the widespread attention
that has been given to it is a good
thing. But removal of significant s.i.d. is
not a panacea — there are also other
important causes of distortion.

As considered above, the slew-rate-
limit mechanism sets a fairly sharply
defined threshold, beyond which there
is a rapid onset of gross distortion that
the overall feedback is powerless to
control. Below this threshold output
level, which is, of course frequency-
dependent, the distortion will be
negligible only if there is sufficient
overall feedback. Whether there is
enough feedback to give this result
depends on the details of the particular
design, but in some instances there may
not be enough. Thus it is of interest to
consider the distortion mechanisms
that are operative in the milder situ-
ation where drastic overloading does
not occur.

Referring to Fig. 1, suppose we decide
to apply 6dB more overall feedback to
the amplifier by reducing Rp,. This is
likely to necessitate doubling the value
of C, for equally satisfactory stability.
Thus, while we succeed in doubling the
feedback loop gain at low frequencies,
where C has little effect, the loop gain at
higher frequencies, where C is
dominant, remains as before. At a given
high frequency, and a given output
voltage, Tr; will have to supply twice
the current to the doubled value of C,
and the percentage second-harmonic
distortion generated in Tr, will go up by
a factor of approximately 2*. Since the
amount of feedback at the high
frequency involved is the same as
before, the amplifier output distortion
(due to distortion in Tr;) will also be
doubled.

Because of the doubling of the C
value, the critical frequency for slew-
rate limitation, above which full output
ceases to be obtainable without drastic
overload, is halved — see equation (2).

Quite frequently a long-tailed pair, or
differential input stage, will be used in
place of the single transistor Tr, shown
in Fig. 1, and then, if well balanced, the
dominant distortion introduced will be
third-harmonic, the percentage distor-
tion being proportional to the square of
the output current . (This is a charac-
teristic of any device, e.g. a tape re-
corder, in which cube-law curvature is
dominant.) Thus, with the low-
frequency overall feedback increased

* The percentage second-harmonic distor-
tion produced by an ideal voltage-driven
transistor, having a characteristic =1,
exp qV,./kT,approximately 25x(1/1,,.),
where T is the peak value of the signal-
current fluctuation and I, is the d.c.
working current. Another convenient fact
is that, at any working current, the per-
centage second-harmonic distortion is
equal to the peak value, in millivolts, of the
signal vnltage applied between base and
emitter*S,
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by 6dB, and with C doubled as before,
the third-harmonic distortion generated
in the input stage will be up by a factor
of 4 at high frequencies, as also will be
the amplifier’s output distortion due to
this cause.

We thus have the situation that in-
creasing the amount of low-frequency
overall feedback, with corresponding
adjustment of the stabilizing capacitor
value, increases that part of the high-
frequency output distortion which is
due to smooth-curvature non-linearity
distortion in the input stage. In many
cases, below the true slew-rate-
limitation overload point, this will be
the main cause of distortion at high
frequencies. However, with suitably
modified circuit designs, to be described
later, the input stage distortion may be
fairly negligible.

It is interesting to consider how the
above non-overloading type of distor-
tion would be expected to vary with
frequency. A long-tailed-pair input
stage will first be assumed. Since, at
high frequencies, the current supplied
by the input stage is proportional to
frequency, the percentage third-
harmonic distortion generated within
the stage is proportional to the square of
the frequency. But because the overall-
feedback loop gain is halved for each
doubling of frequency, the distortion at
the output of the amplifier, due to this
mechanism, is proportional to the cube
of the frequency. The percentage
output distortion is thus proportional to
V,ulf, as established by Jung. The cor-
responding result for a single-ended
input stage, as in Fig. 1, is that the
percentage output distortion, now
mainly second-harmonic, is propor-
tional to V,,f%. This is because in any
device in which square-law curvature is
dominant, the percentage distortion is
directly proportional to the output cur-
rent or voltage.

It will thus be seen that a character-
istic feature of distortion of the type
discussed above, which occurs before
the onset of true slew-rate-limitation
overload, is that it increases quite
rapidly with frequency. Fig. 5 shows the
ideal cube-law relationship deduced
above for the balanced input stage case.
With a single-ended input stage, though
the rise in distortion with frequency is
more gradual, the magnitude of the
distortion is liable to be much greater 3.

Jung calls the input-stage-originated
distortion that occurs before the onset
of true slew-rate limitation “Category 1
slewing induced distortion”, the gross
distortion that occurs at higher levels
being “Category Il s.i.d.” It is important
not to let this terminology disguise the
fact that Category I s.i.d. is, after all,
just straightforward input-stage
smooth-curvature non-linearity distor-
tion, which may become significant at
high frequencies because of the in-
creased current demanded ftom the
input stage and the reduced amount of
overall feedback in action.
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Though, as shown in Fig. 5, the high-
frequency distortion due to the input
stage rises rapidly with the measuring
frequency applied, it should not be
imagined that the harmonics generated
at any one measuring frequency are
boosted according to their order, in any
comparable manner. Consider first the
effects that would occur with the over-
all feedback disconnected. Referring
again to Fig. 1, the harmonics in the
current fed by the input stage to the Tr,
stage will be attenuated in this stage in
proportion to their order, because of the
integrating action of the capacitor C.
Thus, with the feedback loop open, the
harmonics in the amplifier output vol-
tage, due to input stage distortion,
would fall off in amplitude with in-
creasing order at a rate 20dB/decade
(6dB/octave) more rapid than that ap-
plying directly to their generation in the
input stage. However, with the overall
feedback loop closed, and because the
amount of feedback at high frequencies
falls off at 20dB/decade with increasing
frequency — assuming C is the only
cause of loop gain attenuation — the
final output distortion spectrum will
have the same relative amplitudes of
fundamental and harmonics as for the
input stage by itself. With a long-tailed-
pair input stage, and assuming the
circuit not to be operating too close to
the slew-rate limit point, the dominant
harmonic will be the third, the higher
order harmonics decaying rapidly with
increasing order. Thus the type of dis-
tortion generated is relatively inno-
cuous compared with the worst forms
of cross-over distortion. The important
thing is simply to arrange the design so
that the magnitude of the distortion
does not become too high.

Slew-rates of programme
waveforms

Gramophone records are frequently
used as the programme source when
subjective judgements of the perfor-
mance of audio equipment are being
made, so that it is of interest to know
the order of slew-rate to be expected at
the output of a high-grade RIAA equ-
alized amplifier. This can easily be
determined using a very simple dif-
ferentiator circuit such as that shown in
Fig. 6. This circuit is fed from the output
of the power amplifier, and, with the
values shown, gives an instantaneous
output of 1 volt when the input slew-
rate is 1V/us. The objection may well be
raised that the slew-rate limit may
degrade the true slew-rate of the source,
i.e. the pickup, but whether or not this is
the case may be discovered by replacing
the pickup by an oscillator and thus
determining the slew-rate limit of the
amplifier system. With good equipment,
this will be found to be much higher
than the slew-rate obtained with re-
cords.

- The experimental procedure adopted

was as follows. First a frequency test -

record was used to check that the sys-
tem had a flat frequency response,

1 /
o i

1 10
FREQUENCY (arbitrary scaie)

' PERCENTAGE DISTORTION
(arbitrary units)
LM w
\

Fig. 5 Theoretical variation of
third-harmonic distortion with
frequency for amplifier with
long-tailed-pair input stage, when
operating below the slew-rate limit.

1000p
o 1 0
From 1K To
power amplifier c.r.o.
O- -0

Fig. 6 Simple differentiator circuit
used in tests. The outputis 1V for
an input rate of change of 1V/us.

within = 1dB, up to 12kHz. Then a suit-
able music record was selected, and the
system gain was adjusted so that the
input to the Fig. 6 circuit occasionally
reached peak values of *10V, but not
more. The c.r.o. was then transferred to

the differentiator output, the record

replayed, and the maximum output
voltage excursion from the differen-
tiator during the replay was deter-
mined. The test was done with a wide
variety of records, including one of the
Sheffield direct-cut discs. The largest
instantaneous outputs from the dif-
ferentiator were caused by occasional
dust clicks, and went up to over 0.40V,
but on the music they never exceeded
about 0.14V. The latter corresponds to a
slew-rate of 0.14V/us, which is the peak
instantaneous slew-rate of a sine-wave
with amplitude =10V and frequency
approximately 2.2kHz.

The implication of the above is that
an amplifier with f.;, = 2.2kHz, i.e.
capable of giving full output on sine-
waves up to 2.2kHz, without suffering
from slew-rate limitation, and with suf-
ficient freedom from ordinary non-
linearity distortion, will reproduce such
records entirely satisfactorily. I can
almost hear some readers saying “thisis
ridiculous — it’s well established that
amplifiers must be free from slew-rate
limiting, at full output level, up to at
least 20kHz™! But has this, or anything
approaching it, in fact, been properly
established? I do not think so. But be-
cause of such doubts, it is worth ap-
proaching the matter from a different
angle, as follows.

The maximum instantaneous re-
corded velocities on records occur over
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the band extending from about 700Hz
to, perhaps, 8kHz, and are normally in
the region of 30cm/s%. Suppose the gain
of an RIAA equalized replay system is
adjusted so that a 1kHz sine-wave re-
cording with 30cm/s peak instant-
aneous velocity gives an output voltage
of 10V peak. Since fo[ a sine-wave vol-
tage with peak value V, the peak rate of
change of voltage is V X2xf, the peak
rate of change of voltage for a 1kHz
sine-wave of peak value 10V is
0.063V/ps. It is probably fairly unusual
for a peak velocity of 30cm/s to be
recorded at a frequency as high as 8kHz,
but if this did happen, then, ignoring for
the moment the effect of the RIAA
equalization, the output slew rate
would be 8 x 0.063, i.e. 0.50V/us. How-
ever, at 8kHz, the RIAA equalization
introduces a loss of 11.7dB (% 3.85) re-
lative to the response at 1kHz, so the
figure of 0.50V/us is reduced to ap-
proximately 0.13V/us. This, it will be
seen, ties up surprisingly well with the
experimentally determined figure,
mentioned above, of 0.14V /us.

The Fig. 6 differentiator was also used
with a master tape recording of violin
music with piano accompaniment,

‘thought to be of unusually good fidelity.

When adjusted to give a peak replay
voltage of 10V as before, the peak in-
stantaneous differentiator output vol-
tage observed was 0.083V, so that the’
peak slew-rate was 0.083V/us. A 10V
peak sine-wave of 1.3kHz has this same
slew rate.

Similar tests done with programme
from an f.m. tuner yielded generally
equivalent results as far as the actual
audio waveform was concerned, but
with the complication that, on stereo
transmissions, owing to imperfect filt-
ering in the tuner, the (L-R) sidebands
greatly increased the peak dv/dt value
at the differentiator output, a figure of
about 0.4V/ps being obtained with the
audio level at =10V as before. By using
the 10kHz filter in the audio control
unit, the f.m. multiplex waveform was
almost eliminated, the peak slew-rate of
the remaining audio waveform being
about 0.15V/us. It is clear that without
the filter, the minimum acceptable
slew-rate limit in the audio amplifier
would be determined largely by the
amount of f.m. multiplex waveform
present in the tuner output, since un-
pleasant intermodulation effects can
occur if the amplifier is unable properly
to follow this waveform. The amount of
multiplex waveform in the output ef
f.m. tuners varies a great deal from one
make to another.

The above quite low slew-rates will
seem less surprising when it is
remembered that the success of the
pre-emphasis and de-emphasis schemes
universally used in both recording and
f.m. broadcasting systems is dependent
largely on the fact that the high-
frequency components of all normal
audio waveforms are of much smaller
amplitude than the lower frequency
components.
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Necessary amplifier slew-rate limit

Provided an amplifier is not overloaded,
and provided it has sufficient feedback
to make the distortion when not slew-
rate limiting adequately low, there is
certainly no absolute necessity for the
slew-rate limit of the amplifier to be any
larger than the maximum rate of
change, or slew-rate, of the waveforms
handled by it. This point needs emphas-
ising, for reading Jung’s interesting ar-
ticles can easily make one jump to the
conclusion that there is a fundamental
need for the amplifier slew-rate limit to
exceed the maximum rate of change of
the programme waveform by a large
factor. That this cannot possibly be true
may be seen by imagining, or actually
making, an amplifier with the same
broad configuration as in Fig. 1, but in
which Tr, is replaced not by a simple
long-tailed-pair, but by a more complex
circuit having a large amount of inter-
nal feedback. Then the distortion of the
part of the amplifier that precedes C will
remain extremely low right up to the
slew-rate-limit overload point. Such an
amplifier will fail to satisfy Jung’s “new
slew-rate criterion” by a very large
factor, and yet, provided the distortion
in the output stage etc. is sufficiently

low, it will give no subjectively detect-
able quality degradation on any normal
programme material.

With an ordinary long-tailed-pair in-
put stage, the distortion introduced by it
will be mainly third-harmonic, with the
higher-order harmonics well subdued,
provided the ampilifier slew-rate limit is
made higher than the maximum slew-
rate of the programme by a reasonable
factor, say two or three times. The
distortion will then be of much the same
character as that introduced by a good
tape recorder, but will be of appreciable
magnitude only at high audio frequen-
cies. Provided the distortion is held
down to a reasonably low magnitude —
well under that of arecording system, to
be on the safe side — by sufficient over-
all feedback, it will not be subjectively
detectable. [}
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Correction

In the article ““Audible amplifier distortion is
not a mystery”, in the November 1977 issue,
the editor inadvertently omitted two resis-
tors from the circuit diagram (p.65). These
should be inserted one in each input lead of
the operational amplifier near the right-hand
side of the diagram.

Communications tests

TFSTS wiTH radio communication between
signal boxes and trains were carried out in
this country before the second world war,
mainly on the London & North Eastern
Railway. The equipment available at that
time was relatively bulky, required consider-
able power and did not meet acceptable
standards of reliability. Advances in mobile
radio engineering have changed the situ-
ation, and since the middle 1960s most of the
major European railways have investigated
systems of radio communication with mov-
ing trains. Between 20,000 and 30,000km of
route on the Continent are now equipped in
this way or are awaiting delivery of systems
in course of manufacture.

British Railways studied the subject in
connection with the Channel Tunnel project,
and although that is in abeyance it has been
decided to proceed with a scheme on the
recently electrified section of the Eastern
Region between London, Welwyn and Hert-
ford North. Some details of the project were
given in a paper presented to the Institution
of Railway Signal Engineers in London on 2
November by J. Boura and C. Kessel of the
British Railways Board.

Each signalman in the King's Cross signal-
box will control a group of uhf transmitting
and receiving stations spaced at intervals at
the line-side so as to cover the area for which
he is responsible. A radio channel of four
frequencies will be allotted to each area,
comprising three transmit frequencies
chosen to avoid mutual interference and one
receive frequency. Transmit frequencies will
be used in cyclic transposition along the line.
The train receiver will incorporate a search
and lock system by which it will lock on to
the first satisfactory signal it receives from a
lineside station. When the signal lever falls to
21V it will search for another transmitter and
lock again, but if an acceptable signal is not
found a ‘carrier fail’ alarm will be displaved in
the cab.

with moving trains

The use of synchronised transmitters
within the groups was considered but would
have required an accuracy of 30Hz in
450MHz and was not practicable in this
situation. In passing from zone to zone a
driver will reset his transmitter to the new
receive frequency by pushbutton. Automatic
returning could have been provided but
would have increased the cost by about 60
per cent. Data transmission at 600 bauds will
be used for establishing calls and the display
of standard messages in the form of pic-
turegrams. A speech circuit will aiso be
provided.

At the signalbox the radio system will be
linked with the existing computer-based
train describer system which displays train
identification numbers on the mimic diagram
in their appropriate positions. A small com-
puter in the signalbox radio installation will
interrogate the describer computer to find
the train identification number correspond-
ing with the call signal received from a train
and show both numbers in a queue type
display of incoming calls on a VDU. The call
signal will be unique to a particular set of
vehicles, while the train running number
changes according to the service the set is
providing.

Contracts for the radio equipment have
not yet been placed. When the paper was
presented a somewhat similar system now
being manufactured for the German Federal
Railway by Telefunken was demonstrated. In
the ensuing discussion there was some em-
phasis on the need to balance sophistication
with reliability and cost. At present com-
munication between trains and signalmen
relies on signal post telephones, but these are
specialised instruments manufactured in
small numbers for the railways alone. The
rapid expansion of the mobile radio and
computer-linked data transmission
businesses seems to hold hope of costs com-
ing down in this area. O
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SIXTY YEARS AGO

IN AN age when even resistors are of many
types and integrated circuits continue to
proliferate, the following piece, from our
January 1918 issue, is seen to be prophetic.
Prof. Pupin evidently did not understand that
insufficient bafflement of the laity was to be
obtained from plain speech.

“The scientist in question, Professor M. I.
Pupin, said that if there must be a new name
for each new detector — a new name for
everything that comes up in the course of the
development of the electrical art — pretty
soon the science of electro-technics will be a
mass of new names, and the learning of the
names will be much more difficult than the
learning of the facts connected with the art.

Today the following words are in common
use by radio engineers, as the names of
devices in appearance similar to and in
principle based upon the original audion:
Oscillation valve, regenerative audion, keno-
tron, pliotron, electron, relay, thermionic
relay, thermotron, audiotron, amplitron,
detecto-amplifier, Moorhead tube, oscillion,
ultra-audion, dynatron, oscilaudion and plio-
dynatron.

After reading the foregoing, is it any
wonder that Doctor Pupin was perturbed
over the advent into the electrical art of new
and mongrel names? When Doctor de Forest
coined the word ‘audion’ he pulled the bung
from a barrel which contained a vast and
venerable assortment of Greek and Latin
derivatives, and it is evident that these have
been industricusly raked up and picked over
to supply bewildering additions to our al-
ready involved scientific vocabularly. Here in
England we are not so fond of inventing new
names, although scientists have not settled
down to any one title for these particular
devices. In the Services, where large numbers
of these instruments are in use, we believe it
is the custom to refer to them simply as
‘valves’, fancy names being debarred al-
together.” O
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~ CIRCUIT IDEAS

Trigger circuit for c.d.i.

THIS trigger circuit provides r.p.m.
limiting and a tachometer output. When
the contact breakers open, C, is charged
via R, and D,, which turns Tr, on. The
negative going pulse at Tr; collector
triggers the 555, which is used in the
monostable mode, and the resulting
positive pulse from the 555 fires the s.c.r.
via D, and C4. When the contact
breaker closes, D, isolates C, to reduce
the effect of contact bounce. Once the
555 is triggered any further trigger
pulses on pin 2 have no effect until the

systems

timing period is over. This eliminates
any contact bounce that gets past D,
and C,, and gives an effective upper
limit to the engine speed. Because the
timing period is constant the mark-
space ratio of the 555 output, and hence
the mean d.c. level, is proportional to
the engine speed. A voltmeter con-
nected to the output of the 555 can be
used as an accurate tachometer. The
loading effect of the meter on the s.c.r.
trigger pulse is reduced by emitter fol-
lower Tr,. The r.p.m. limit for a four

Ry270

stroke engine is given by R 109.1/n
R, C, where n is the number of
cylinders. For a limit of between 8000
and 9000 r.p.m. with Ry at 47kQ, C, is
0.068uF for 4 cylinders, 0.047pF for 6
cylinders, and 0.033pF for 8 cylinders.
By connecting the reset input of the 555
to the OV line, trigger pulses at pin 2 will
have no effect on the monstable so the
s.c.r. will not be triggered. This can be
used as an anti theft facility. The le.d.
across the contact breakers can be
useful when setting the static timing.
K. Wevill,

Birmingham.
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" 10mA

r} SCR cathode

Improved Schmitt
trigger oscillator

WwITH a normal t.t.l. Schmitt trigger
oscillator (a), closing the switch stops
the circuit immediately and cuts short
the last cycle. This effect is especially
noticeable at low frequencies. Also, the
maximum value of R is limited to ap-
proximately 1k§2.

To avoid these problems the circuit in
(b) uses the remaining half of a 7413 i.c.
to form a RS bistable which ensures that
the cycle is completed when the switch
is opened. An emitter follower is also
used which allows the value of R to be
greater than 10k(. A t.t.I. square wave is
available at point N and a low imped-

ance exponential sawtooth at point C.
Point A is high when the oscillator is

! +5V
running, and can be used as a control
signal. L 2 7413
T. P. Hopkins,
Haywards Heath,
West Sussex.
+5V
P (L
n o:i . BC107 etc
K
Output T ©
a
. L 'f2 7213
nc TC %100
¢ ov oV

(a)
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Ramp generator

A POSITIVE ramp can be generated by
dumping charges on a capacitor. The
amount of charge deposited after t =
n+! pulses will be Q =1It. After five
seconds 5 X 107*Q will have been
dumped on the capacitor which in-
creases its volume from V, = It/Cto V,

15x10 s
—» e

10
3v
o

BC182 B39

>

‘@ EN2

=1t"*'7C. This voltage is stored on the
capacitor and decreases by an amount
V4 which is determined by the internal
resistance of the capacitor and the f.e.t.
gate leakage current. Without any load
to the capacitor the voltage across it
will decrease by 9/10-"v/min.. To obtain

+12V

1

an output voltage which has little in-
fluence on the charge or discharge of
the capacitor, a 741 with a high imped-
ance duel f.e.t. input is used. The circuit
shown generates a ramp from 0 to 5.3V.
D. Greenland,

Cambridge.

+18V

12k aM2

TCR5277

E112

BC212 [P

ING16

+

220p
10k l 100 100

(&

——— AN

1 o

SR
EN2
'C—

82k ?82\(

—18V

Analogue divider and

THE only non-linear device in this
analogue divider/multiplier is a field
effect transistor. The principle of the
divider is simple, consider the quotient
Q, = A/B. If the numerator and de-
nominator of the quotient are multi-
plied by a factor K so that KB = 1or any
other constant, then the value of the
quotient is equal to KA. In the circuit
the numerator and denominator pass
through a buffer amplifier before being
modulated. The prototype used field-
effect transistors driven by two 180°
out-of-phase pulse trains with a mark-
to-space ratio of slightly less than unity
which suppresses unwanted spikes. The
modulated numerator and denominator
signals are then passed through an ad-

BUFFER
AMPLIFIERS

MODULATORS

multiplier

ding amplifier before being processed
by the variable attenuator, buffer am-
plifier, and demodulators.

The signal in the denominator chan-
nel then passes through a low-pass filter
with a built-in d.c. gain, before being
compared with the voltage V. (= KB)
in the integrator. The resulting signal is
then applied to the field-effect transis-
tor in the variable attenuator.

In the prototype, vV, was set to 10V
and the d.c. gain in the low-pass filter
was 60dB so that the drain-source vol-
tage of the field-effect transistor was

~ always less than or equal to 10mV. This

low drain-source voltage is desirable
because the f.e.t. operation is restricted
tothe linear part of its characteristics. A

@f\ @f\

f.e.t. selected for low on-resistance
should be used to prevent the use of an
unreasonably large series resistor.

Note that the response time of the
circuit depends on the size of the capa-
citors used in the low-pass filter and
integrator. Response time can be re-
duced by raising the modulating
frequency. For accurate division, zero
offset controls are needed for IC, , 3and
ICS.

Also, an f.e.t. input op-amp should be
used for IC, to suppress offsets caused
by its variable source impedance. In the
prototype the accuracy was limited by
the use of optical modulation to within
+0.5%. However, the author feels that
this figure could be improved.

B. P. J. van Oorschot,
Pretoria,
South Africa.

LOW-PASS FILTERS
1L
1T

DEMODULATORS
" AA—4
BUFFER @
ADDING O—" A, - Qutput
AMPLIFIER 5 —O (o A/B)
+
O—AAA >

,L, VARIABLE
{ ATTENUATOR

INTEGRATOR
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Passive network to
measure distortion

‘IN the common form of distribution fac-
tor meter, negative feedback equalises
the response to harmonics of an applied
sine wave. This feedback has the un-
desirable effect of making the null ad-
justment more critical. Less ambitious
distortion measurements of low imped-
ance sources at 1kHz can be made with
this passive circuit when used with an
audio millivoltmeter. A high pass LC
filter removes low frequency noise in
the input signal and compensates for
the loss of harmonic frequencies. It also
contributes about 10dB to the rejection
at 1kHz so that the null adjustments are
less critical. If used for setting the bias
and recording levels of a tape recorder, it
is much less affected by transport speed
variations than a conventional instru-
ment. Dynamic range is large because
only a small fraction of the input signal
appears across the inductor.

If a higher input impedance is
required, 23kQ at the fundamental re-
ducing to 10kQ at the fifth harmonic, all
inductance and resistance values can be
increased by a factor ten and the capa-
citance values decreased also by a fac-
tor of ten. However, this will cause an
insertion loss of around a dB after equ-
alisation.

To set up, R, is adjusted to give the
best null, then R, and C are adjusted to

equalise the responses at harmonic
frequencies. The prototype used 2%
metal oxide resistors and 5% polycarb-
onate capacitors. After three years use
without adjustment the circuit has
remained level to within +3% over the
first twelve harmonics and still meas-
ures t.h.d. to below 0.05%.

J. B. Cole,
Guilden Sutton, Cheshire.

Fundamentai
plus
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100N

47n 47n C
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1
I
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Touch-tune for f.m. receivers .

THIS circuit enables up to 10 channels
to be touch tuned with a varicap supply
voltage of up to 18V, and it features low
drift with temperature variations. The
4017 is inhibited by R, until a channel is
required. The appropriate section of the
4016 is turned on by finger contact
which drives the clock inhibit line low.
The 4017 counts clock pulses until the

inhibited again. Components C, and R,
ensure that channel 0 is selected at
switch on.

In a receiver using the popular 1310

‘decoder, the circuit can be clocked at.

19kHz using the buffered output from
pin 10.

Alternatively, a 100Hz clock signal
can be derived from a few turns of wire,

bridge rectifier as shown. Although no
trouble has been experienced with
static damage to the transmission gates,
input protection as shown can be in-
cluded.

For safety reasons this circuit should
only be used in equipment incorporat-
ing a double wound mains transformer
and an earthed chassis.

L. Crampin & R. van der Molen,
Kingston on Thames,

desired output goes high, and it is then around the mains transformer, and a  Surrey.
’ +18V
l 1%(2) o
Clock n
4017
output l outputs
R R4 , g
100k 100k n ™=
ALTERNATIVE CLOCK CK Reset L.ED.
GENERATOR 40178 DRIVER
CI
0 1---mmen-- 9
R, BC107 [
Clock 22X
input
Re R |
NS 12 ! INPUT PROTECTION
__Ja0tes 40168 R qoen CIRCUIT
4 e 100k E—
To
tuner
_—— 100p
R, Rg 1N4148 ;;/
Ro 100k 100k —I—
1K § l l I -
TOUCH - TUNE Ri3 &5 L
UNIT 100k 100n
L. L Rs
100k IN4148
Rg Rio
22M 22M
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“EEV Triodes and Tetrodes
coming through
loud and clear”

High quality components from [~ —_— — — — T — T T ]
EEVare the best replacements in . :
fixed station, portable or transportable Please send me details of EEV Triodes and
. : letrodes. [J
radio transmitters.
EEV are one of Europe’s leading
manufacturers in this field with
unparalleled experience and

General information. [ Please tick.
Or intormation for equipment type .....................

|
|
|
_ | Name .
expertise. _ _ | N
Many types are available in the 50 Position
to 1000 watt range, but only one | Company
standard of quality, the highest. | Add
If you want to know more, please | ress
fill in the coupon and send it to us at | -
Chelmsford. | Telephone Telex
I___———___—_—__iﬂﬁ_ﬁ/ww

EEV/MOV

Members of GEC- turnover £1902 million

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX, ENGLAND CM12QU. TEL {0245)61777 TELEX99103. GRAMS ENELECTICO CHELMSFORD
WW—012 FOR FURTHER DETAILS
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A range of communications
amplifiers having power
ratings from 15 to 200 watts,
plug-in input facilities ensure
individual requirements can
be provided.

Manufacturers of Station Road, Wenden
sound systems Saffron Walden
and electronics EssexCB114LG

Saffron Walden
(0799) 40888

MICROPROCESSORS

Notonly. .. But also. ..

If microprocessors and you are just getting acquainted, make If you are a designer on the point of
sure the relationship prospers. You need Adam Osbornes device selection, stop. Don’t make a move
“Introduction to Microcomputers’’. Sub-titled ‘‘Basic RTUIIITITRV-INEET BRI TR Products’’.
Concepts’’, it’s an ideal introduction to the theory of JALTE{ILET IR ‘‘Basic Concepts’’ is 900
microprocessors. Beginning with a review of Boolean f-TT-L-URRUTIGIT L analysis of all the important
algebra, it discusses microcomputer systems or- UULEERCURUTREN (8 Each is described in detail
ganisation, internal structures of cpu’s, memory EUCUETNCISUETRUTS manufacturer himself produces.
referencel/input output operations, programmed Potential problems are clearly identified and advice on
110, interupt driven 1/O, direct memory access, LGN ELITELLELEVEL T software Is included.

programming techniques, assembly Individual device chapters include the 8080, 0800, 9900,
language, memory addressing modes and F8, SC/MP, 2-80, PPS-8, 2650, CDP 1802, IM6100, PACE
stack operations. CP1600, Micronova, Fairchild 9440.

Costing only £7.80 per copy, it has For the designer with experience in microprocessors ‘‘Some

outsold every other cpu manual in Real Products’’ lays bare the good and the bad of tomorrow’s tech-

N Y N T T U LW nology and answers the problems you’re bound to face. Use the order

there is. Get your copy using form below to get your copy.

the order form below.

F--------------------------1
To: Electronic Engineering Microprocessor Books, 30 Calderwood Street, Woolwich, London SE18 6QH. I

Pleasesend .................. copies of ‘‘Basic Concepts’’ at £7.80 each.

Pleasesend ................. copies of ‘‘Some Real Products’’ at £11.40 each. I

N G [ [ —
)
3
[0,
[=]
@
[
3
<
o
T
]
o
c
[
-
[=]
_
[0
|

Cheques should be made payable to Electronic Engineering. Please ensure your name is legible.
L--_----------------------‘
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by P. H. H. Jones, G3DRE

Niring by touch

. man’s Odyssey from octals to integrated circuits

.al account of a
dned efforts to build
equipment despite
———ties, uncommon to the
Jyists. The author, a radio
Jeen blind since 1940.

taining my radio

I operated a com-

/. transmitter-recei-

d 40 metre amateur

piece of government

it which had an input

ts. There was virtually

It equipment for the

e days, and the few that

were very highly priced.

very soon got tired of

iade equipment, and with

mind | decided to start

ad building a suitable

having modulation facili-

s had changed since my

or gone were those lovely

which had been common on

ess sets of old, and most

nts needed to be soldered. For

without sight this seemed to be
1 problem.

and ye shall find”

{ther was always quoting ‘“seek
ye shall find”. So 1 sought, and
wered a suitable type of soldering
. This was a soldering-gun having a

made from a loop of copper wire in
shape of a hairpin, which was
ated by the output of a step-down
ansformer housed in the barrel part of
ne gun. The advantage of this gun was
‘hat it heated from cold in seven
seconds and cooled down in about
thirty. This meant that having made the
joint mechanically by poking the wire
through the hole in a lug or wrapping it
round first, the gun bit could be applied
to the joint cold, and then the trigger
pressed to heat the element when
fingers had been removed.

I found applving the solder a bit of a
problem at first, because aiming for the
bit with the resin-cored solder was ver
much a hit and miss business, and blobs
tended to land in the wrong, and
sometimes, awkward places. It struck
me, however, that if [ were 1o flatten the
round solder into a ribbon with a pair of

pliers, and then break off a short length
which could be wrapped round the tip of
the bit, it would put just the right
amount of solder in the right place. The
idea worked, and | have used it ever
since.

One useful indication of the solder
melting to the right temperature is that
when I move the tip of the bit ever so
slightly a squeaking sound can be
heard.

Scorched fingers are almost an
occupational hazard. It usually happens
through impatience, when checking a
joint before allowing it to cool properly,
or when wrapping my little ribbon
round the iron tip before it has cooled
This scorching, however, is nothing
more than annoyance, because it tends
to reduce the finger's sensitivity for
reading Braille.

My first building project was to

The author — by himself

My father was considered to be somewhat
of an expert on wireless in the early
thiries, contributing regular articles on
the subject to the local newspapers. This
also entailed answering readers’ ques
tions in a sort of wireless agony column
My grandfather too. had a profound
| interest in this science. which had come
into being during his itfetime. He was
continually building and re-building
ShOFI wave receivers not to recelve
amateur transmissions but those from
government stations :n all corners of the
globe. He aiso concerned himself with the
onginal local radio station in Sheffield
With this sort of background, | suppose
it was inevitable that | too should be bitten
by the bug of wireless, as it was then so
coyly termed; | much prefer this
description of the system to ‘radio’ | well
recall the components | used. things of
beauty made with loving care by
craftsmen. Big brass variable condensers
with screw terminals, sprung four-pin
valveholders to mount that precious HL2
saved for out of pocket money. Transfor
mers potted in lovely brown, crack
le-painted cases
‘ Home construction was very popular
but for the affluent there was the
commercially-made Music Magnet Three
name 1o conjure with Porwable
receivers were manufactured; we had one
it was like a large suitcase with a frame
antenna in the Nd, along with s
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construct an auditory resistance-capa-
citance bridge. This was based on an
article which appeared in the Braille
Technical Press, an American publi-
cation, now regrettably defunct due to
the costs of production.

There are circuit diagrams in Braille,
but I much prefer the step-by-step
system of, for example, “the anode of V
goes through capacitor C,to one side of
rf. choke RF.’, and so on. The test
bridge was constructed from this type
of circuit description and was, and still
is, a success.

Fired with enthusiasm ! then made
plans to build a six foot rack-and-panel
transmitter. It took two vears to
complete. The transmitter was an
all-band one, based on a Tesla oscillator
It had Class A amplification, to reduce
harmonics, and fimished with the
“Elizabethan” power ampliiier.

moving-iron loudspeaker The lower |
portion contained a straight four-valve
receiver, an unspillable accumulator and a
120V high tension battery. A strong man
could just lift it clear of the floor

My ambition was, when | was old
enough, to apply for a transmitting
licence Unfortunately the war intervened
and my loss of sight in 1940 seemed to
have dashed any hopes of realising the [
ambition. However, after the war | started
reading Braille books on radio, for now
one had to pass a theory examination set l
by the City & Guilds Institute. | was able to
get hold of a copy of the RSGB Handbook
and to arrange with the City & Guilds that
my examination could be in oral form. This
| passed at the first attempt |

The morse test followed, and then
May 21st 1948 my ambition was realised
when my Class A transmiting licence |
‘landed on the door mat

had alieady purchased an item of |

government surplus equipment a B2
minor, through the RSGB dsstribution
service. This was a crystal-controll
suitcase transmitter-receiver which cover
ed the 80 and 40 metre amateur bands. |
was, of course. a c w transmitter, for in
those days there was an obligatory
probationary period onc.w

I'had two QSO's™ that day. using an
ndoor antenna. The first was with a RAF
amateur 1In the outer Hebrides, and the
second was with a station in Paris | ha
succeeded, and my boyhood dream h
come true

G3D
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The circuits were produced by
courtesy of local hams who spent many
hours reading the descriptions to me so
that I could transcribe them into Braille.
The metalwork presented no problems,
just hard work. Component identifica-
tion presented few real problems, and |
soon became familiar with octal sockets
and pin connections.

Colour coding of resistors did not
matter to me since | had my bridge, and
this would also check capacitors.

This transmitter served me well for
very many vears until. inevitably,
progress made it obsolete. The advent of
s.s.b. had the same effect on my radio
construction as the advent of superhe-
terodynes had had on my father. | opted
out

The technology involved. and the
special test equipment required, meant
that it would no longer be feasible for
me to undertake the construction, so |
reluctantly confined my activities to the
kev, with the occasional telephony
contact on top-band.” " I abandoned the
h.f. bands torever. Things had changed
so much that [ felt that high power and
elaborate antenna arrays were not to
my liking.

Transistors and miniature
components

The availability of transistors to the
amateur constructor opened up a new
field of interest for me. They had one
very great advantage for the non-sight-
ed user, low voltage operation. Not that
I had really worried about having a
thousand or so volts lving behind an
alummium panel, so long as it stayed
there. These little devices, transistors,
seemed to be too remarkable to believe
n at first. Along with them, of course,
came the procession of miniature
components to match, and these | found
most intriguing,.

1 vervy soon discovered that the
technique of using printed-circuit
boards with their fine metallic tracks
was one development that a sightless
person could not use. The tracks could
\ be followed using an auditory circuit

continuity tester, but this proved to be
\ extremelv tedious. As | had found with
Braille circuit diagrams, it is very
difficult to appreciate the whole from
Just touching a small part. The plain
saxolin board with little holes in it
ffered me a means of circuit assembly
at 1 could use. The soldering method
1 still valid, and component assembly
identification was fairly straight-
wrd. Things were just smaller.
ave not been able to take
age of the opportunities of
vization which transistors and
iponents offered because of the
eave space between Compo-
feel for the location of
s. Nevertheless [ went
» full gamut of building
xers and so on, for my
been sidetracked for a
ve recording.

S

e

Integrated circuits pose a problem

I returned to Ham radio a couple of
years ago, with renewed enthusiasm,
and bought a commercial two-metre
f.m. transmitter, having a one-watt
output, and with a rotatable indoor
four-element antenna was once more
back on the air. It is surprising how
many of my early contemporaries have
returned to the air with the advent of
mobile rigs and repeater stations.

It amazed me how things had
developed during my desertion from
amateur radio. Integrated circuits and
even smaller components had come on
the scene. These centipede-like little
blocks intrigued me, and I felt that this
was something that could offer an awful
lot to the sightless constructor, for
anything that reduced the number of
components and connections must be
good.

After some frustrating hours trying to
solder an eight-pin i.c. socket for an NE
555, to build a repeater time-out
indicator for the one-minute operating
limit, [ decided that I had better cool my
enthusiasm for i.cs.

My soldering technique, which had
stood me in good stead for so many
years, was obviously obsolete where i.cs
were concerned. I had not dared to
connect direct to the pins of thei.c., so |
used a socket. However, the close pin
spacing meant that I either bridged
contacts, or adjacent wires dropped off
due to the iron accidentally touching a
point just off the pin being soldered, and
the radiated heat softening the neigh-
bouring joint. Also, handling tended to
break off the very thin wire used.

1 felt disappointed. but comforted
myself with the thought that there was
nothing really that I needed to build,
and | was only pottering around with
i.cs for an additional interest. Having
heard of the logic systems, used on the
repeaters, I felt that the next best thing
to experimenting would be to read
about what could be done.

A solution in the making

Accordingly. 1 borrowed some books
from the Talking Book Catalogue.
Talking books are special large cassettes
containing books which have been
recorded by volunteer readers. The ones
| borrowed had been specially recorded
for the use of students. This somewhat
mature-student course of study served
only to whet my appetite to carry out
some experimental work, but my big
stumbling block was still the method of
circuit connection, since soldering for
me was most definitely out.

I was bemoaning this fact during a
QSO and the amateur I was talking to
mentioned wire-wrapping, and had I
considered this as a possible method for
the visually-handicapped to use. The
words “wire-wrapping” triggered off an
almost forgotten memory of a visit our
radio club had paid some years ago to a
then new organisation, a computer data
processing firm. The engineer in charge
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Vero Ei
system. [ .
nor had mos*alj fine "
preliminary 0d (he‘? leg
technical sales \q,,'" Min, € to
cassette | had rec. OF j¢
the problems I hadms, Aff‘)re
seeking his opinion aso ,.%7a
Mini-wrap system migh €ir
way for the visually-hal' a
undertake circuit wiring of Y’
The engineer’s understandin,
problem, and freely given
enabled me to complete a fea
study of the technique. This is
recorded shortly on to cassette s
other visually-handicapped elec
enthusiasts can be given inforp
about the system.
When only one or two i.c. socke
to be used, soldering is a satisfal
method of connecting, because thi
on the sockets are long enough |
splayed to give more room
manoeuvre. For more ambitious
jects, however, the wire-wrap Sy:
seems to be the answer to my probls
If a designer had been asked to de
a method of wiring i.cs suitable for
sightless to use, then I feel that a sysi
similar to Mini-wrap would have bi
his recommendation.

As easy as threading a needle

Once the use of the wrapping tool h;
been mastered, the technique is ver
simple and effective. At first I found it
little difficult to thread the stripped eni
of the wire into the end of the wrapping
tool, as it has to pass through a tiny hote
from the inside of the tube to a groove
down the outside. It is rather like
threading a needle, but with practice
this has become easier. The tube is then
slipped over the pin that is to be wired,
and then about ten turns in a clockwise
direction produce a very neat spiral of
wire tightly wourd on to the square
section pin.

The unwrapping tool provides an
easy way of removing any wrong
connections; a far cry from the
problems of desoldering, particularly if
the soldered connections had been

Top-band: A term used by radio amateurs
and referring to the 160-metre amateur band
commonly used for local. normally schedul
ed. communications between two or more
operators. During  favourable night-time
propagation conditions this band is useful for
long-distance (DX) communications.

Qs0: Part of the radio amateur’s Q-code.
Simply. it means “Can you communicate
witih .. % but it s commonly used to refer to
a ‘contact’ or complete communication
between two amateur stations.
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wrapped round a tag first, as was my
way.

The ic. sockets are not the only
components available, there are socket
pins into which transistors or quar-
ter-watt resistors can be plugged. Again
there is no need for solder. These socket
pins can be spaced out on the circuit
board, to match the spacing of the
resistor length, and then wire-wrapped.
There are also some pins termed
“header pins”, and although these are
designed to be used as connecting
points for flexible leads, and to be
soldered, I find that the V-shaped jaws
can be squeezed together effectively
biting into the wire end placed between
them, making an ideal way of securing
components, whose connecting wires
are of too thick a gauge to fit into the
socket pins, without soldering,.

There are also component carriers
which will fit into i.c. sockets. These
have pins with solder tags on the upper
side to which components can be
fastened. This means that the soldering
can be done away from the circuit board
and the carrier plugged in after
assembly. For inter-board connections
there is a ribbon-cable with plug
terminations which fit the sockets, so
here again there is no need to go to
elaborate. lengths to ensure that no
solder splashes in the wrong place, as
there would be if wires were to have
been soldered to pins on the board.

Wrapped up! please don’t disturb

I have evolved one or two tricks of my
own that help in using the Mini-wrap
system. One problem that I always have
when [ am building equipment is that |
am liable to disturb previous wiring
through feeling to find the place for the
next connection to be made. This can
cause problems when handling the very
thin gauge wire used in wire-wrapping.
So, I thread the wire through a spare
hole adjacent to the component pin that
has been wrapped, taking it on to the
upper side of the board; I leave supply
leads on’ the top side and the other
circuit leads | take back down the next
convenient hole, to the working side.
This takes the strain off the wire where
it leaves the pin, and so reduces the
chance of damaging wiring already
completed.

With handling too, there is a
possibility of distorting the pins on the
i.c. sockets so that neighbouring ones
might come into contact with them. A
small length of Imm internal-diameter
p.v.c. sleeving slipped over the pin
prevents this happening, and also serves
as a “"bookmark” to indicate which pins
have been wired, and so reduces the
chances of wiring errors.

The sockets are mounted on to the
circuit board, which is a plain
Veroboard with a 0.lin matrix, using
self-tapping screws through the holes
provided in the sockets. I have to space
the sockets further out than a sighted

user would, to give me room to feel to
the pin base where it comes through the
circuit board. To give adequate space
for working on the connections, I allow
at least 0.9in between the rows of
sockets and 0.3in between sockets in the
rows.

After the wiring has been completed,
but before fitting the components, the
circuit can be checked by reference to
the point-to-point wiring description.
For this purpose an auditory continuity
tester is used, and since all the sockets
are empty there is no chance of false
indications being given by circuit
elements such as diodes and capacitors.
The i.cs and component carriers can
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then be inserted and hopefully the
circuit will work.

Just the beginning

My introduction to the Mini-wrap
system has brought me up to date with
modern technology, and at the same
time opened avenues which I thought
would be permanently barred.

I am now able to embark upon the
experimental work that I wished to
undertake. This is a project which I am
working on in conjunction with St
Dunstan’s, the organisation that looks;
after the interests of the war-blinded, to
produce a new generation of test
equipment for the use of the visual-
ly-handicapped. [[]

e e —————
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The maximum power
transfer theorem

Why do we not match loads to the output resistance?

by S. W. Amos B.S5c., M.1.E.E.

ELECTRONIC equipment contains many
examples of signal sources connected to
loads: a microphone feeding an am-
plifier, an amplifier driving a louds-
peaker an® an if. stage leading to a
diode detector are a few typical
examples.

In each of these a signal is transferred
from a generator to a load and the
circuit can be represented in essentials
as in Fig. 1, in which the generator is
shown with an internal resistance r, and
the load is a resistance R, . If it is desired
to transfer maximum signal voltage
from generator to load then R, should
be large compared with r, but if
maximum signal current transfer is
required R; should be small compared
with rg.

To transfer maximum power from

generator to load, R, should be equal to
re- This can be shown readily by
mathematics. The current in the load is
given by I = E/(r,+R)) and therefore
the power 'R, is equal to R /(r + R
This is a maximum for given values of E
and r, when R, =r, When R, equals r
the voltage across the load is one half
the open-circuit voltage of the
generator (i.e. the value obtained across
an infinite load resistance) and the
current in the load is one half that
delivered by the generator into a zero-
‘value load resistance.
" Now transistors and valves behave
approximately as resistive generators
and Fig. 1 is often used as the equivalent
circuit for an active device, r, being
replaced by r,, the anode a.c. resistance
of a valve, or r,, the collector a.c. resis-
tance of a bipolar transistor, or ry, the
drain a.c. resistance of a field-effect
transistor. It is rare, however, in practi-
cal circuits to find an active device
driving a load equal to its own internal
resistance. For example a rule of thumb
commonly advocated to obtain
maximum output power from triode
valves is R, = 2r, whereas for pentode
valves the recommended optimum load
is usually a small fraction of r, (e.g. a
pentode with r, = 100 kilohms might
require an optimum load of 7 kilohms).
For transistors there is in general no
apparent relationship between the op-
timum load and the transistor internal
a.c. resistance.

Fig. 1 can also be taken as represent-
ing the output stage of an amplifier as
indicated in Fig. 2, and here the

generator internal resistance is shown
as r,,,, the output resistance of the
amplifier. If the output stage of the
amplifier consisted of a single transistor
without feedback r,,, would be equal to
r. but it is common practice in linear
amplifiers to apply considerable ne-
gative feedback, one effect of which is
to reduce the effective value of r.. Thus
Iy is normally small compared with r,
and in high-quality amplifiers is com-
monly only a fraction of an ohm —
smaller than likely values of load resis-
tance. The ratio of load resistance to
output resistance is known as the
damping factor and a typical value is 25.
For maximum power output the load
resistance should, according to the
maximum power transfer theorem, be
equal to r,,, so here is another example
where the theorem is apparently
ignored.

Consider a typical transistor stage
which is required to deliver appreciable
power. An example is the final i.f. stage
in a receiver which is required to feed a
diode detector. The mean collector cur-
rent of such a stage might be 3mA and
the mean collector voltage 9V. For a
silicon planar transistor the collector
a.c.resistance might be 1 megohm but if
the circuit connecting the transistor to
the diode is designed to present the
transistor with an effective load of 1
megohm then it is immediately obvious

-r—-
|
|
|

Generator |

Fig. 1. A purely-resistive load R,
connected to a purely-resistive
generatorry.

Fig. 2. The circuit of Fig. 1 arranged to
represent conditions at the output of
an amplifier.
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that full advantage cannot be taken of
the collector current swing available.
The maximum undistorted current
swing available is 3mA but this, in a
1-megohm load, will generate a collec-
tor voltage of 3kV! In fact only a 9-V
collector voltage swing is possible
without distortion and this can be
generated across a 1-megohm load by a
current swing of 0.009mA — less than
one three hundredth of that available!
The power output under these con-
ditions is less than 0.05mW, certainly
insufficient to drive a diode detector.

Thus in this example the transistor
could not be presented with a load equal
to its own r, because of the enormous
collector voltage excursion which
would be required to make full use of
the current swing available. A more
practical value of collector load resis-
tance is 3 kilohms, for this makes full
use of the current swing of 3mA and the
voltage swing of 9V. The power output
so obtained is 13mW, quite adequate for
diode detector operation.

Now consider an emitter follower
stage and suppose the emitter current is
ImA. The emitter a.c. resistance will be
of the order of 25 ohms and, according
to the maximum power transfer
theorem, this should also be the resis-
tance of the optimum load. Let us sup-
pose that the transistor has a supply of
9V. The emitter potential swing is then
limited to £4.5V but to generate such a
value across a 25-ohm load requires an
emitter current swing of 180mA! The
maximum swing possible is only 1mA,
giving a maximum output voltage
swing of 25mV. In this example we
could not use a load resistance equal to
the output resistance because of the
very high emitter current required.

In the two examples described above
use of a load resistance equal to the
output resistance necessitated a very
high output voltage or output current.
This was because we were attempting
to obtain the maximum output power of
which the active device was capable
with the given values of quiescent col-
lector voltage and current: in fact we
were trying to make maximum use of
the available voltage and current
swings, which is a normal design proc-
edure for stages required to deliver
appreciable power. But suppose instead
we give the transistor an input signal so
small that even with a load resistance
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equal to the collector a.c. resistance the
swings in collector voltage and collector
current are small compared with the
quiescent values. Admittedly this is an
impractical form of amplifier because
the output power would be minute, but
the point is whether with such a small
signal the optimum load is equal to the
collector a.c. resistance.

It is interesting and instructive to try
to answer this question using the tran-
sistor characteristics. Fig. 3 shows an
idealised set of I~V characteristics, the
slope of which is equal to the reciprocal
of the collector a.c. resistance. Q is the
quiescent point representing the static
values of collector voltage and current.
Through Q is drawn the load line PQR,
the slope of which is equal to the re-
ciprocal of the load resistance. If the
small input signal swings the base cur-
rent between the limits of I,; and I,
then the output current swing is given
by PS and the output voltage swing by
RS. The area of the triangle PRS is
proportional to the power output: in
fact if the area is expressed in terms of
the horizontal and vertical scales it is
equal to four times the power output. As
the load resistance value is varied, the
load line pivots about Q and the area of
the triangle varies. For very small load
values PR is nearly vertical and side RS
tends to zero, whereas for very high
value loads PR is nearly horizontal and
PS tends to zero. Between these two
extremes there is a position of PR which
gives maximum area of PRS.

The solution to this exercise is that
the area is a maximum when the slope
of PR is equal to that of the character-
istics, i.e. when the load resistance is
equal to the generator resistance, thus
confirming the maximum power
transfer theorem. As we have seen this
is true provided very small signals are
used, and this is a useful reminder that
the equivalent circuit for active devices
applies only to small signals.

What has been said about the im-
practicality of using the theoretical
optimum load in an amplifier with nor-
mal signal amplitude will help us to
understand the observation made
earlier that the load resistance for a
high-quality amplifier is usually many
times the output resistance. Let us
assume initially that the output stage is
a single class A amplifier. The I.-V,
characteristics of a bipolar transistor
are shown in idealised form in Fig. 4.
The collector current swings above and
below the quiescent value when an
input signal is applied and there are
limits to both swings if distortion is to
be avoided. On the upward swing the
collector current must not exceed the
maximum value I, prescribed by the
manufacturer. Moreover the collector
dissipation must not exceed the
maximum P,,,,, quoted by the maker.

There are other causes of current
limitation: in valves, for example, at-
tempts to drive the anode current above
a certain value cause the grid to go
positive with respect to the cathode so
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Fig. 3. A load line PQR superimposed
on a set of I-— V. characteristics. The
shaded area represents the power
output. w

Image of ceiling

Ceiling

Supply
voltage

A
Fig. 4. The ceiling and floor which limit
the current excursions in a class A
amplifier. PQR represents the optimum
position of the load line. The dashed
characteristics show the effect of
negative feedback.

Fig. 5. In a push-pull amplifier the floor
is replaced by an image (skew
symmetrical) of the ceiling.

that distortion occurs in the input
circuit as a result of damping due to grid
current. A similar limitation occurs in
junction field-effect transistors, the
input circuit of which also conducts
when the gate potential equals that of
the source. Because of these limitations
coilector current must not enter the
upper shaded area in Fig. 4: the bound-
ary of this area consists of a straight line
representing I ., and a curve re-
presenting P.q,.

Similarly the greatest negative ex-
cursion of the collector current is that
which causes its value just to reach
zero. Thus the area below I, = 0 is
another region which must not be used.
The quiescent point Q is located
midway between the base line (which
we can call the floor) and the lower limit
of the upper shaded area (the ceiling).
The load line must pass through Q and,
to use the full range of collector current,
must touch the ceiling and the floor at
its ends. It should also use the full
voltage excursion between zero and
twice the supply voltage: its position is
thus fixed at PQR. This represents a
load resistance given by the supply
voltage divided by the mean collector
current. It is thus independent of the a.c.
resistances of the transistor.

The effect of applying voltage-
derived negative feedback is to replace
the I,~V, characteristics shown solid in
Fig. 4 by a new set (shown dashed)
much more vertical (implying a lower
effective collector a.c. resistance), more
evenly spaced (showing improved
linearity) and more closely spaced (in-
dicating reduced gain). The manner in
which these new characteristics may be
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deduced was given in an earlier article.*
According to the maximum power
transfer theorem the slope of the op-
timum load line should be equal to that
of the dashed characteristics (as shown
by P'QR") but clearly this is impractical
because, to utilise the full voltage
excursion, the current would extend
well into the shaded areas as in the
emitter-follower example considered
earlier. The application of feedback has
no effect on the position of the floor and
ceiling: it, therefore, has no effect on the
load line and on the value of the load
resistance.

It is, of course, more usual to use a
push-pull pair operating in class B in the
output stage of a high-quality amplifier.
The output voltage is not now accom-
modated between a ceiling and a floor
because the half cycles of signal are
handled alternately by the two transis-
tors. There is therefore no floor as in
Fig. 4. Instead the load line is bounded
by two ceilings, the lower of which can
be regarded as a skew-symmetrical
image of the upper ceiling situated be-
low the zero-current axis (Fig. 5).
Nevertheless the result is that the op-
timum load line is confined between the
two ceilings and fixed in position by the
need to exploit the available swings in
current and voltage. As before the ap-
plication of feedback replaces the near-
horizontal characteristics by near-
vertical ones but has no effect on the
position or slope of the load line. Thus
the value of the optimum load is unaf-
fected by feedback which is used to
improve linearity and to reduce the
value of the output resistance. [_|
* Wireless World August 1976, p.66.
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Fuses for the protection of
electronic equipment

The construction, characteristics and design considerations of fuses

by R. A. W. Connor, F.I.E.E.

A “simple’’ fuse is the most widely used,
and often the most overlooked and
underestimated protection component in
a circuit. Aithough the mechanical con-
struction of a fuse is relatively straightfor-
ward, its operation is complex. As a result,
much research and development has
taken place to keep up with new techno-
logies and devices.

This article describes how modern fuses,
when chosen correctly and properly in-
stalled, provide cheap, accurate and reli-
able protection which in many respects is
superior to other switching devices.

A FUSE, according to the IEC, is a
switching device that by fusion of one
or more of its specially designed and
proportioned components opens the
circuit in which it is inserted and breaks
the current when it exceeds a given
value for a sufficient time. The fuse
comprises all the parts that form the
complete switching device.

Fuses are the most common protec-
tive device and are used at rated cur-
rents up to above 2000A and in circuits
operating at up to 132kV. Physically, a
fuse is of simple construction but its
operation is complex. The late H. W.
Baxter of the ERA was one of the
leading authorities and the results of
some of his classic research over the
period 1930 to 1950 has been published.

A fuse is one of a chain of components
in a circuit, all of which rise in temper-
ature with the passage of current.
Under heavy overload or short circuit
conditions there is no time for the heat
to escape and the temperature of the
fuse element rises rapidly to the melting
point of the element. At small values of
over-current a single break occurs in
the element which gradually lengthens
until arc extinction. At high values of
fault current a large number of breaks
occur almost simultaneously. With wire
elements there may be 40 or more arcs
per inch and the arc voltage may reach
several hundred volts per inch particu-
larly when there is a high inductance in
the circuit. This high arc voltage
quickly forces the current down to zero
before the first peak of the fault current.
Excess voltage, even a transient type, is
however objectionable particularly to
semiconductors, and upper limits are
prescribed in many specifications. For
a.c. circuits, part 1 of BS88 specifies

maximum arc voltages of 1000V and
2000V with circuits rated up to 60V, and
61 to 300V respectively. Lower arc vol-
tages can be obtained with fuses
specially designed for semiconductor
protection.

In a2 modern cartridge fuse the ele-
ment is totally enclosed. For high cur-
rent ratings and for specially designed
semiconductor fuses the cartridge is
usually filled with powered quartz, of
controlled grain size, which is free from
moisture and organic impurities. With
this type of fuse, fire risk and damage is
greatly reduced because of its ability to
limit the current and thus reduce the
let-through energy. Cartridge fuses are
non-deteriorating and retain their cha-
racteristics almost indefinitely. The fil-
ler plays an important part in fuse
operation because it cools and con-
denses the hot metal and vapour pro-
duced by arcing, and it also reduces the
pressure on the cartridge wall. In ad-
dition, it is capable of extracting a large
amount of energy from the circuit. This
energy vitrifies part of the quartz which
forms a fulgurite. As the fulgurite and
remaining filler cools its resistance
quickly increases and it is able to with-
stand full working voltage indefinitely.
The size of the quartz particles is im-
portant because arcs are drawn into the

Fig. 1. Typical t/I characteristic for a
13A plug top fuse to BS1362. Assumed
values for I, and I, are 740A and 6A
respectively.
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interstices between the particles. But,
because there are other conflicting
requirements the choice of particle size
is a compromise.

All fuses have an inverse t/I charac-
teristic of the general shape shown in
Fig.l. Current I, is the rating of the fuse
link, I; is the minimum fusing current
and I is the full load current of the
equipment which should not be greater
than I,. Values I, and I; are higher
currents used for descriptive purposes.
The prospective current at the fuse
position is denoted by I,, and is the
current that would flow if the fuse were
replaced by a solid link of negligible
impedance. The maximum current
which the fuse is subjected, I, in the
manufacturers certification tests must
be greater than I,. The current range(
to I, is the working zone and the com-
plete fuse should carry any current in
this range without overheating. The
current range I, to I; is the non-
operating zone and the ratio I;/], is the
fusing factor. This depends on the
design of the fuse, and varies from
about 1.2 with some designs of powder
filled fuse, to as much as 2 with some
semi-enclosed rewireable fuses. Any
value of current above I; causes
operation of the fuse although it may
take an hour or more with a current
only slightly above I;. A small current
increase in the range I, to I; results in a
considerable increase in operating
speed whereas a small increase in cur-
rent above I; has only a small effect.
With 3 pin plug top fuse links to
BS:1362, I, is 6000A which is well above
any likely value of I,. The value of I,
may be approximately determined by
connecting a load at this position and
measuring the supply voltage before
and after application of the load. The
accuracy is improved by using a heavy
load. Current rating I, of a fuse in the
mains supply should be at least equal to
the value of I;, and must also be suffi-
cient to cater for surges. However, it
should not be too large because with
lower values of I, there is a better
chance of clearing earth faults. The
prospective earth fault current I on the
240V mains is Iz = 240/Z, where Z, is
the phase earth loop impedance at the
fuse position. To meet the IEE wiring
regulations I; must exceed 3I, when
I/I, > 1.5, and Iz must exceed 2.4I,
when /I, < 1.5. A low value of Z, is
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therefore necessary with high current
rated fuses. In urban areas with cable
sheath earthing, Z, is likely to be less
than 1Q and I; greater than 240A2. Diff-
iculties in obtaining a sufficiently low
value of Z, are more likely to arise with
overhead services particularly in areas
of high soil resistivity. The Electric
Supply Authority can often render
assistance both in testing and in ob-
taining a good earth. .

Tests at various currents between I
and I; are made in order to plot the t/]
-characteristic. In the range I, to I, these
may be made at a reduced voltage. Fig.2
shows a typical current in a fuse during
a high current test in which the melting
of the fuse element prevents the current
reaching the maximum value. The
graphical method of determining virtual
pre-arcing time is superimposed in
Fig.2. and shows that:

Pt = dt
tv: =pi2dt/12p

where [ is the prospective current, top
is the virtual pre-arcing time, and i is the
instantaneous value of current during
the pre-arcing period. The virtual arcing
time may be determined in a similar
manner and can be added to the virtual
pre-arcing time to give the virtual total
operating time. The virtual pre-arcing

Total 1*\t /
N
/2

0% b
Izt Preizarcmg /
t
Als \\ /

time is drawn to show the mean value of
the test results and the virtual arcing
time is taken as the maximum value of
the test results. Fig.1 shows that the
arcing time is only significant at high
fault currents.

The only current known to the user
apart from the load current is the pro-
spective current, [,. The user needs to
know a time value as shown in Fig.2 so
that it can be multiplied by I, to ob-

tain the heating effect of the current. -

Equipment can then be selected and
designed to withstand this with a safety
margin. Manufacturers usually present
this as a characteristic with I°t in A%s as
the ordinate and I, as the abscissa. Fig.3
shows total operating Pt and pre-arcing
It for each value of I,

It is fortunate that fuses have an
inverse time/current characteristic as
this enables suitably chosen fuses to
operate satisfactorily when in series. It
is not practicable to examine or replace
every fuse that has experienced a
through fault, but discrimination can be
achieved if the total energy let through
by the minor fuse, total Pt, is less than
the pre-arcing energy It,, of the major
fuse. In general, discrimination is
achieved if the current rating of the
major fuse is twice that of the minor
fuse although a lower ratio is often
possible when I, is relatively low. Diffi-
culties arise when different types of
protective equipment are involved. Dis-
crimination cannot always be achieved
when rewireable fuses or miniature
circuit breakers are in series with car-
tridge fuses. In Fig.4 the 45A rewireable
fuse discriminates with the 80A car-
tridge fuse up to about 500A. With fault
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currents above 500A the cartridge fuse
operates first.

Two fuses are sometimes used in the
mains supply to apparatus with the
erroneous belief that this is twice as
good as one fuse. If the fuses are of the
same type and current rating, the fuse in
the neutral lead may operate first. In
this condition the apparatus remains at
a dangerous potential above earth. A
single fuse should be used in the live
lead. Sometimes the earthed chassis of
equipment is accidentally or deliber-
ately connected to the neutral. This is
most undesirable for a number of
reasons. Such a connectijon encourages
part of any short circuit current to flow
through the metal work to earth. This
fault current may originate from other
apparatus in the same premises or even
from apparatus in adjacent premises. If
the local earth and sub-station earth
have low resistances, very high currents
can flow without any effect on the fuse
in the apparatus. Secondly, the neutral
is used to carry unbalanced currents
from other phases of the supply net-
work and usually differs from earth by a
continuously varying potential of up to
several volts. The corresponding cur-
rent will therefore fluctuate and cause
hum and other difficulties particularly
when the parallel earth paths have a low
resistance. Thirdly, and even more im-
portant, the danger that arises in the
event of a broken neutral. Although this
is a very rare occurrence, if the break
occurs between the apparatus in ques-
tion and the sub-station, considerable'
load currents from apparatus in all
premises beyond the break can flow to
earth through this connection. Again,
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Fig. 3. Typical Ft values for a family of
fuses.

olL .
10 B0OA cartridge
yd fuse
102+
o
v
@
o 10 -
g
=
o
1+ /
45A
, rewireable fuse
100
e ol sl s
10 103 1000

PROSPECTIVE CURRENT (I5)(A)

Fig. 4. T/I characteristic of cartridge
and rewirable fuses. -

2
N
ID

FFEqual
areas

CURRENT ———»

Fig. 2. High-current fault with
graphical integration of i%t
superimposed.

«—— Max.value of 1*

— =~ & —————— Peak value of Ip
- ~

& — Cut-oOff current

Virtual pre-areing time {tp)

Actual pre-arcing time

Actual arcing time

Total operating time

www americanradiohistorv com

!


www.americanradiohistory.com

70

T T

T

4

N
i
T T T

E.)u

cut-ctftcurrent

IBEERRRESE|

(

T

INSTANTANEQUS PE AK LET-THR™JGH CURRENT (A)

T T T 171107

10 ST S

/
Peak let-through /
current !

Melting

ol 2

Peak available
current

N
AY

d.c. Vsl
\component \

11l (o1l

10 10?

10? 104 108

PROSPECTIVE FAULT CURRENT I (rms A)

the fuse on the apparatus is completely
unaffected. Furthermore, even if the
local earth has a fairly low resistance,
the metalwork of the apparatus may
rise to a dangerous potential.

Cut-off characteristics are usually
presented on equal decade logarithmic
paper, and an example for a family of
semiconductor fuses is shown in Fig.5.
The 45° line is the transition point and is
the asymmetrical fault current which is
the limit of cut-off. There is no precise
value but it is usually considered to be
about 2.4 times the r.m.s. symmetrical
fault current for circuits of less than
1000V. Cut-off currents for the in-
dividual fuses correspond to a slope of 1
in 3 because at currents greater than the
transition value the ‘cut-off current is
proportional to 31/, In Fig. 5 all of the
fuses exhibit cut-off at I, values above
101,. At very high values of I, the cut-off
current is quite small, particularly with
fuses of lower current ratings.

Temperature rise is the difference
between the actual temperature at the
fuse position and the ambient tempera-

. ture. Under a steady current the tem-
perature rise of a fuse will increase until
a steady condition is reached when the

-heat dissipated is equal to the heat
input, PRt Joules where R is the resis-
tance of the fuse. At currents up to I, the
temperature rise is approximately pro-
portional to I but usually increases at a
greater rate for currents above I,. Small
overloads can therefore result in a large
increase in temperature. A fuse may
either gain heat or loose heat to the
connecting cables. A considerable pro-
portion of the total heat can be due to
the resistance of the terminations and
contacts. Some specifications give
.maximum permitted temperatures of
fuses and the components parts. For
example, BS 88:1975 Part I for cartridge
fuses up to 1000V a.c. and 1500V d.c.

Fig. 5. Cut-off characteristics for a
family of 250V semi-conductor fuses.

Fig. 6. Half-wave rectifier with a single
diode (a). The d.c. load current (1) is 1A,
the r.m.s. diode current with a resistive
load (2) is 1.57A. Full-wave rectifier
using two diodes (b). The d.c. load
current (1) is 1A, the r.m.s. diode
current (2) with a resistive load is
0.785A, and with an inductive load is
0.707A. If only one fuse is used in the
centre tap lead there is no protection
for an undamaged diode. Full-wave
rectifier (c). The d.c. load current (1) is
1A, the r.m.s. load current (2) for a
resistive load is 0.785A, and for an
inductive load is 0.707A. The r.m.s.
current in the transformer secondary
(3) for a resistive load is 1.11A, and for
an inductive load is 1A.

N
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gives a temperature rise limit of 65°C
for bolted tin plated contacts and ter-
minals. Some specifications do not give
temperature rise limits but, specify
either maximum permitted power loss
or maximum resistance. For a particular
fuse and a given current rating, the ratio
of steady state power loss at current
rating/cold power loss, is mainly con-
stant. Because the ratio of temperature
rise at rated current/stable condition
hot power loss, is also reasonably con-
stant this amounts to specifying the
maximum temperature. Power loss in a
fuse increases with the increased curr-
ent rating. With a 32maA fuse it is about
1/3W while at the other extreme a
1250A fuse may lose 100W. Because a
fuse is a temperature sensitive device it
may have to be derated in ambient
temperatures above 40°C. Altern-
atively, it may be uprated if subjected to
artificial cooling.

Potential drop across fuses with low
current ratings may exceed the volt-
age of the equipment being protected.”
At the rated current a 32mA low break-
ing capacity fuse to BS:4265 has a
maximum potential drop of 10V. Cor-
responding values for 1A and 6.3A fuses
are 1V and 0.2V. These high values at
low current ratings are due to the very
fine wire used for the elements.

Some of the factors affecting the
correct choice of fuse current rating
have already been mentioned. With
semiconductors, however, it is also
necessary to distinguish between
r.m.s. and average values. Current rat-
ings of fuses are invariably given in
r.m.s. values whereas average values
are given for diodes and thyristors. A
comparison of these currents for half-
wave and full-wave single phase rec-
tifiers assuming that iy, is 1.0A shows
tifiers, assuming that i, is 1.0A,
shows that,

I

Ipeak Ir.m.s. average
half-wave rectification 1.0 0.50 0.318
full-wave rectification 1.0 0.707 0.637

When semiconductor rectifiers are used
it is also necessary to take account of
the fuse position in the circuit. The
three most commonly used single phase
rectifier circuits are show in Fig. 6 with
currents at various positions assuming
that thed.c. load current is 1A. Values for
other currents will be in proportion. It
should be noted that the published
average current for some diodes may
have to be derated to 0.81,, for battery
or capacitive loads. With large instal-
lations several diodes may be used in
parallel and a multi-phase arrangement
can be used. It may then be desirable to
connect a fuse in series with each
diode in addition to main fuses. Ideally,
the t/I characteristic of the fuse should
be below that of the semiconductor by a
safe margin. Semiconductor manufac-
turers obtain their It values in less than
10ms by using a half sine wave at higher
frequencies. These I’t values can be
compared with the I?t/I, characteristics
of the fuse if the operating times are

Continued on p.77
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therefore necessary with high current
rated fuses. In urban areas with cable
sheath earthing, Z, is likely to be less
than 1Q and I; greater than 240A2. Diff-
iculties in obtaining a sufficiently low
value of Z, are more likely to arise with
overhead services particularly in areas
of high soil resistivity. The Electric
Supply Authority can often render
assistance both in testing and in ob-
taining a good earth. .

Tests at various currents between I
and I are made in order to plot the t/]
‘characteristic. In the range I, to I, these
may be made at a reduced voltage. Fig.2
shows a typical current in a fuse during
a high current test in which the melting
of the fuse element prevents the current
reaching the maximum value. The
graphical method of determining virtual
pre-arcing time is superimposed in
Fig.2. and shows that:

P, t, = &dt
typ = dt/F,

where I, is the prospective current, top
isthe virtual pre-arcing time, and i is the
instantaneous value of current during
the pre-arcing period. The virtual arcing
time may be determined in a similar
manner and can be added to the virtual
pre-arcing time to give the virtual total
operating time. The virtual pre-arcing

Total I°t
AN
\\ //

102+ )
g Pre-arcing /
I't %t

time is drawn to show the mean value of
the test results and the virtual arcing
time is taken as the maximum value of
the test results. Fig.l shows that the
arcing time is only significant at high
fault currents.

The only current known to the user
apart from the load current is the pro-
spective current, I,. The user needs to
know a time value as shown in Fig.2 so
that it can be multiplied by , to ob-

tain the heating effect of the current.

Equipment can then be selected and
designed to withstand this with a safety
margin. Manufacturers usually present
this as a characteristic with °t in A% as
the ordinate and I,, as the abscissa. Fig.3
shows total operating I°t and pre-arcing
Pt for each value of I,.

It is fortunate that fuses have an
inverse time/current characteristic as
this enables suitably chosen fuses to
operate satisfactorily when in series. It
is not practicable to examine or replace
every fuse that has experienced a
through fault, but discrimination can be
achieved if the total energy let through
by the minor fuse, total I2t, is less than
the pre-arcing energy It,, of the major
fuse. In general, discrimination is
achieved if the current rating of the
major fuse is twice that of the minor
fuse although a lower ratio is often
possible when I, is relatively low. Diffi-
culties arise when different types of
protective equipment are involved. Dis-
crimination cannot always be achieved
when rewireable fuses or miniature
circuit breakers are in series with car-
tridge fuses. In Fig.4 the 45A rewireable
fuse discriminates with the 80A car-
tridge fuse up to about 500A. With fault
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currents above 500A the cartridge fuse
operates first.

Two fuses are sometimes used in the
mains supply to apparatus with the
erroneous belief that this is twice as
good as one fuse. If the fuses are of the
same type and current rating, the fuse in
the neutral lead may operate first. In
this condition the apparatus remains at
a dangerous potential above earth. A
single fuse should be used in the live
lead. Sometimes the earthed chassis of
equipment is accidentally or deliber-
ately connected to the neutral. This is
most undesirable for a number of
reasons. Such a connection encourages
part of any short circuit current to flow
through the metal work to earth. This
fault current may originate from other
apparatus in the same premises or even
from apparatus in adjacent premises. If
the local earth and sub-station earth
have low resistances, very high currents
can flow without any effect on the fuse
in the apparatus. Secondly, the neutral
is used to carry unbalanced currents
from other phases of the supply net-
work and usually differs from earth by a
continuously varying potential of up to
several volts. The corresponding cur-
rent will therefore fluctuate and cause
hum and other difficulties particularly
when the parallel earth paths have a low
resistance. Thirdly, and even more im-
portant, the danger that arises in the
event of a broken neutral. Although this
is a very rare occurrence, if the break
occurs between the apparatus in ques-
tion and the sub-station, considerable’
load currents from apparatus in all
premises beyond the break can flow to
earth through this connection. Again,
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Fig. 3. Typical I*t values for a family of
fuses.
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the fuse on the apparatus is completely
unaffected. Furthermore, even if the
local earth has a fairly low resistance,
the metalwork of the apparatus may
rise to a dangerous potential.

Cut-off characteristics are usually
presented on equal decade logarithmic
paper, and an example for a family of
semiconductor fuses is shown in Fig.5.
The 45° line is the transition point and is
the asymmetrical fault current which is
the limit of cut-off. There is no precise
value but it is usually considered to be
about 2.4 times the r.m.s. symmetrical
fault current for circuits of less than
1000V. Cut-off currents for the in-
dividual fuses correspond to a slope of 1
in 3 because at currents greater than the
transition value the ‘cut-off current is
proportional to 3+/I, In Fig. 5 all of the
fuses exhibit cut-off at I, values above
101,. At very high values of I, the cut-off
current is quite small, particularly with
fuses of lower current ratings.

Temperature rise is the difference
between the actual temperature at the
fuse position and the ambient tempera-

. ture. Under a steady current the tem-
perature rise of a fuse will increase until
a steady condition is reached when the

-heat dissipated is equal to the heat
input, PRt Joules where R is the resis-
tance of the fuse. At currents up to [, the
temperature rise is approximately pro-
portional to I but usually increases at a
greater rate for currents above I,. Small
overloads can therefore result in a large
increase in temperature. A fuse may
either gain heat or loose heat to the
connecting cables. A considerable pro-
portion of the total heat can be due to
the resistance of the terminations and
contacts. Some specifications give
.maximum permitted temperatures of
fuses and the components parts. For
example, BS 88:1975 Part I for cartridge
fuses up to 1000V a.c. and 1500V d.c.

Fig. 5. Cut-off characteristics for a
family of 250V semi-conductor fuses.

Fig. 6. Half-wave rectifier with a single
diode (a). The d.c. load current (1) is 1A,
the r.m.s. diode current with a resistive
load (2) is 1.57A. Full-wave rectifier
using two diodes (b). The d.c. load
current (1) is 1A, the r-rm.s. diode
current (2) with a resistive load is
0.785A, and with an inductive load is
0.707A. If only one fuse is used in the
centre tap lead there is no protection
for an undamaged diode. Full-wave
rectifier (¢). The d.c. load current (1) is
1A, the r.m.s. load current (2) fora
resistive load is 0.785A, and for an
inductive load is 0.707A. The r.m.s.
current in the transformer secondary
(3) for a resistive load is 1.11A, and for
an inductive load is 1A.

-
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N
N
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gives a temperature rise limit of 65°C
for bolted tin plated contacts and ter-
minals. Some specifications do not give
temperature rise limits but specify
either maximum permitted power loss
or maximum resistance. For a particular
fuse and a given current rating, the ratio
of steady state power loss at current
rating/cold power loss, is mainly con-
stant. Because the ratio of temperature
rise at rated current/stable condition
hot power loss, is also reasonably con-
stant this amounts to specifying the
maximum temperature. Power loss in a
fuse increases with the increased curr-
ent rating. With a 32mA fuse it is about
1/3W while at the other extreme a
1250A fuse may lose 100W. Because a
fuse is a temperature sensitive device it
may have to be derated in ambient
temperatures above 40°C. Altern-
atively, it may be uprated if subjected to
artificial cooling.

Potential drop across fuses with low
current ratings may exceed the volt-
age of the equipment being protected."
At the rated current a 32mA low break-
ing capacity fuse to BS:4265 has a
maximum potential drop of 10V. Cor-
responding values for 1A and 6.3A fuses
are 1V and 0.2V. These high values at
low current ratings are due to the very
fine wire used for the elements.

Some of the factors affecting the
correct choice of fuse current rating
have already been mentioned. With
semiconductors, however, it is also
necessary to distinguish between
r.m.s. and average values. Current rat-
ings of fuses are invariably given in
r.m.s. values whereas average values
are given for diodes and thyristors. A
comparison of these currents for half-
wave and full-wave single phase rec-
tifiers assuming that i ., is 1.0A shows
tifiers, assuming that i, is [.0A,
shows that,

Ipeak Ir.m.s. Iaverage
half-wave rectification 1.0 0.50 0.318
full-wave rectification 1.0 0.707 0.637

When semiconductor rectifiers are used
it is also necessary to take account of
the fuse position in the circuit. The
three most commonly used single phase
rectifier circuits are show in Fig. 6 with
currents at various positions assuming
that the d.c. load current is 1A. Values for
other currents will be in proportion. It
should be noted that the published
average current for some diodes may
have to be derated to 0.81,, for battery
or capacitive loads. With large instal-
lations several diodes may be used in
parallel and a multi-phase arrangement
can be used. It may then be desirable to
connect a fuse in series with each
diode in addition to main fuses. Ideally,
the t/I characteristic of the fuse should
be below that of the semiconductor by a
safe margin. Semiconductor manufac-
turers obtain their I?t values in less than
10ms by using a half sine wave at higher
frequencies. These I°t values can be
compared with the ?t/1, characteristics

of the fuse if the operating times are
Continuedonp.77
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Teletext decoder modifications

Installation and testing of the new circuitry

by Richard T. Russell

These modifications to the teletext
decoder design by J. Daniels, which was
described in the November 1975 to June
1976 issues of Wireless World, enable
the new facilities to be displayed. These
include background colour,
double-height characters, graphics hold
and separated graphics. Circuit design
was described last month: the practical
details of modification are now
presented.

FOR USE with decoders using 2513-type
character generator r.o.m.s, it is
necessary to inhibit the subtract-1
circuit on the character vertical ad-
dress. It is important, however, that the
graphics characters remain unchanged.
To achieve this, pin 13 of IC,,, pin 2.
This point is at logic 1 for alpha-
numerics and logic 0 for graphics.

Installation

The addition of the new circuitry to an
existing decoder should be straight-
forward and present few problems,
particularly if the commercially avail-
able printed circuit boards are used. The
following is a step-by-step description
of the procedure to modify a decoder
using these boards. For those using
alternative methods of construction,
the circuit diagram gives the i.c. and pin
numbers to which the various inputs
and outputs should be connected, and
this should be referred to in conjunction
with the following notes.

The edge contacts on digital boards 1
and 2, and on the new digital board 3, to
which many of the connexions are made
will be referred to by number. These
numbers are marked on the printed
circuit boards themselves and start at 1
at the left-hand end, as viewed from the
front of the decoder. The new board has
edge connexions on both sides and to
distinguish these they will be referred to
as C (component side) or W (wiring
side).

The first step is to solder all the
components in place on the new digital
board 3. Take particular care with the
orientation of the i.cs and make sure
that all the pins have been soldered and
there are no solder bridges linking
adjacent pins or tracks. A close visuatl

inspection at this stage is well worth
while.

One wire link is required on the new
board, and its position depends on
whether a 745262 or a 2513 character
generator is used in the decoder. In the
former case, link IC,y3, pin 13 to 0V, and
in the latter case link it to IC,,, pin 2.

Next, dismantle the decoder so that
the reveal switch can be fitted and
access to the undersides and edge
connexions of digital boards 1 and 2
obtained. If it is necessary to remove
any wires to achieve this, a note should
be made so they can be returned to the
correct points on re-assembly. The
reveal switch may be any suitable
push-to-make press-button switch,
although it is essential that the body of
the switch be insulated from the
contacts. After this switch is fitted on
the front panel of the decoder, one of
the contacts may be wired to the
nearest OV point.

The following modifications to the
original boards should be carried out:

@® Remove the wire links between
digital boards 1 and 2 at positions 11, 21,
23 and 24. These are the vertical address
connexions to the character and
graphics generators.

@ Break the connexion to IC;; pin 11 on
digital board 1.

@ Break the connexions to IC,; pin 12,
ICs3, pin 8, ICs; pin 13, IC5 pin 1 and
IC53, pin 2 on digital board 2.

@ For decoders using the 2513 r.o.m(s),
additionally break the connexions to
ICq, pin 11 and IC,, pin 8 on digital board
1.

Connect a length of insulated wire to
IC,;, pin 11 and (for 2513 decoders) to
ICq, pin 11 and IC, pin 8, for connexion
to the new board. At this stage the new
board should be mounted above digital
board 1 by means of screws and
half-inch spacers, using the holes
originally intended for mounting the
lower-case add-on board. A third hole is
provided in digital board 3 to which can
be attached another spacer, which will
rest on digital board 1 and provide some
support for the right-hand end of the
new board.

Using short lengths of flexible wire,
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link connexions C1, C2, C3, C4, C5, C6,
C8. C9, C10, C15 and C22 on the new
board to the corresponding edge
contacts on digital board 1 or 2. Link
contacts W11, W21, W23 and W24 to the
corresponding contacts on board 1, and
C11,C21,C23 and C24 to those on board
2. Connect the wire from IC ,, pin 11 to
C29 and, if applicable, that from IC, pin
11 to C21 and that from IC, pin 8 to C11,
on the new board.

Using lengths of insulated wire make
the following connexions: C7to IC,,, pin
12; C26 to ICsg, pin 2; C27 to ICg, pin 9
and C28 to ICs;, pin 12, all on digital
board 2. Connect the reveal switch to
C33 and the white output at the end of
digital board 2 to W30. Remove the R, G,
B connexions to the télevision receiver
from the contacts at the end of digital
board 2 and connect them instead to
C31, C30 and C32 respectively. Also
transfer the cut hole feed (to the front
panel switches) from digital board 2 to
W32, and connect a wire from the old
cut hole output to C34.

All that remains is to provide the 0V
and +5V connexions (C35 and C36
respectively) which may normally be
commoned with the feeds to digital
board 2 (see below). All the connexions
having been made, the decoder may be
re-assembled.

Power supply

The new board draws approximately
0.5A from the +5V supply. If two 7805
or similar 1A regulators are used, one to
feed board 1 and the other to feed board
2, it should be found that the one
feeding board 2 will supply the extra
current required. If, however, a single
LM309K regulator is used, then an extra
regulator will have to be provided for
the new board. Depending on the
particular mains transformer used, it
may be found that the extra load causes
the minimum voltage on the reservoir
capacitor to drop below the +7V or so
required by the regulators. In that case
the principal effect will be a 100Hz
modulation of the width and intensity of
the teletext display. If this occurs it may
be found sufficient to increase the value
of the reservoir capacitor, but if this is
not effective it will probably be
necessary to replace the mains trans-
former with one having a higher
secondary current rating.
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Testing

Assuming the decoder was working
satisfactorily before adding the new
board, and that no wiring errors are
made, the modified decoder should
work first time. Inevitably, however,
this happy situation will not always
occur. If a completely unlocked or
unrecognisable display is obtained, the
connexion to IC,; pin 11 should be
restored to its original point on digital
board 1 as this is the most likely cause of
such a fault. If this fails to restore some
semblance of a normal display, the
address and blanking signals to the new
board should be checked with an
oscilloscope or logic probe. They should
all be changing between 0 and 1 logic
levels and a steady value on any one
would suggest a short to ground or
+5V.

Once a locked display is obtained, a
check can be made on thé various
display modes. The best test page for
this is the Combined Test page on
Oracle (currently p.451) which includes
all of the display modes currently
specified. A failure of any one of the new

Integrated circuit types

101 7400 110 74177 119 7410
102 74174 111 7400 120 7400
103 7483 112 74174 121 7474
104 74150 113 7442 122 7402
106 74157 114 7474 123 7408
. 106 7402 115 74175 124 7486
107 74157 116 7408 125 7473
108 74157 117 74174

109 7408 118 7404

facilities should draw attention to the
appropriate part of the circuit, whereas
a more general failure would suggest a
problem in the control-codes decoding
section.

When the new board appears to be
working correctly, a check should be
made on the pages using the new
facilities. Some of these are listed in the
Engineering Index page on Oracle
(p.450).

I would like to thank Messrs. Catronics
Limited for their assistance in carrying
out the printed circuit layout and
supplying prototype boards. []

Reference

1. Broadcast Teletext Specification, Septem-
ber 1976. Published jointly by the B.B.C;
I.B.A. and B.R.EM.A.

Printed-circuit patterns for the new
board cannot be published, because
there is insufficient space, but photo-
copies can be obtained from this office.
Please write in and enclose a big,
stamped, addressed envelope if you
would like copies.
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NRDC rejects criticism of over-selectivity

THE National Research and Development
Corporation “does not propose to lower its
standards to appease its critics,” according to
the corporation’s annual report. Already four
fifths of the proposals it accepts “fail to
match up to expectations.”

Last year the Corporation, founded 28
years ago to develop and market promising
inventions from public and private firms and
individuals, received 1,780 applications,
compared with 1854 the previous year. One
hundred new development projects were set
up during the year, compared with 82 the
year before.

Referring to a report published a year ago
by the Select Committee on Science & Tech-
nology which criticised the NRDC for scep-
ticism and indifference, the corporation says:
“While the corporation would hope to give
the appearance of enthusiasm and concern, it
is sometimes difficult to leave these im-
pressions with those, unfortunately the ma-
jority, whose proposals one has had to turn
down.”

At a press conference to launch the report
on November 3 the NRDC chairman, Lord
Schon, said, “To my knowledge, and I em-
phasise, to my knowledge, there is no record
of anyone leaving, going away from the
NRDC and making a success of their inven-
tion somewhere else.”

The report says the proposals the Select
Committee made for correcting “the alleged
deficiencies in the functions of the corpo-
ration and the so-called mismatch between
our activities and those of the Science
Research Council” were based
on misunderstandings of the NRDC'’s
purpose and manner of operation. The Select
Committee’s general criticisms were too
vague to be able to answer, but the NRDC

accepted that they could do more to make
their services better known to potential
clients.

Income from all sources was nearly £25
million last year compared with £15 million in
the previous year, which this year was
about the same amount as came in from
licences alone. This year’s surplus before tax
was £11 million, around three times that for
the previous year. Development expenditure
was £2 million compared with £1.35 million in
1975/76.

Among the equipment on show at a small
exhibition staged at the launching of the
NRDC’s report was an ionisation smoke
detector developed by the Fire Research
Station from an original idea by the Navv.

The single-tube automatic multi-point
(STAMP) detector uses a number of small-
bore plastic pipes to connect various parts of
a fire protection zone with a central detector.
Each pipe’s opening is mounted in the ceiling
of the room to be protected, and samples of
air are drawn into the tube by vacuum pump.
Each pipe is sampled in turn, and its contents
drawn into a small ionisation chamber where
there is a radioactive source. If smoke is
present the rate of decay of the ionisation,
measured by the current in an electric field
across the chamber, will increase.

In other detectors which use the technique
the ionisation of the air by the source, the
interaction of the smoke and the ionised air
and the extraction of the remaining ions by
the electric field take place in the same place
and at the same time. The new device sepa-
rates the three effects, giving a longer time
for the smoke to interact with the ionised air,
and so making the device, according to
Guardian, up to 100 times more sensitive
than conventional detectors. O

Microwave landing — a degree of flap

AT TALKS held recently in Washington, the
American and British civil aviation bodies,
FAA and CAA, reached agreement on a
series of comparative trials and demon-
strations of the two leading systems of mi-
crowave landing. Side-by-side comparisons
are to be made at three airports: JFK (run-
way 13 left), Kristiansand (runway 22) and
Brussels (runway 07 left). In the New York
tests, DMLS (UK) will follow TRSB (US), the
reverse applying in Europe. Tracking and
data reduction will be provided by the
“resident” organizations, with “raw’ data to
be made available. and the aircraft will be a
Boeing 737 at New York. a Convair 880 at
Brussels and. probably. an HS748 at Kristi-
ansand.

This agreement should bring to an end the
unsatisfactory state of affairs created by the
somewhat ham-fisted attempts at computer
simulation of airport “‘scenarios’. (WW
November, p.54.) The farcical materialization
of an imaginary building in the Brussels
simulation, which the computer said would
cause trouble and practical tests showed
wouldn’t, has not helped anyone to arrive at
a decision; it appears the only way to do that
is to hang the expense and do the flying. This
has the further advantage that elevation will
also be tested — Lincoln Laboratories con-
fined themselves to azimuth simulation.
Plessey say that DMLS can be installed, the
flight tests carried out and the equipment
removed in less than three weeks, so that
costs and disruption at airports are minimal.

Mike Whitney, deputy director of
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telecommunications (navigation) of the
CAA, who signed the agreement, insists that
noone is interested in plugging either system
unless they are convinced it is the best: “If
tests show that TRSB is as good as or better
than Doppler,” he says, “we will withdraw
our support for Doppler.” In other words, the
FAA can deploy so much political and com-
mercial muscle in its dealings with ICAO,
that Doppler has to be much better than
TRSB to stand an even chance of acceptance.

The tests will take place in January and
February 1978 and must be completed and all
results correlated before April, since that is
when the final decision on the choice of
system js to be made. O

F.m. transceiver
The following notes are of importance to
readers contemplating building the f.m.
transceiver. In Fig. 3, pins which are not used in
thei.c.s. should be tied down to stop the devices
oscillating, as follows: pins to be taken to either
an earth or + 15V pins are pins 9, 10, 11, 12 on
ICg pins 9, 10, 150n IC, pins 7, 11 on IC,. Pin 8
on IC,; should go to earth and pin 2 on IC;
should go to + 15V. In the transceiver IC*?
(4059) is required to operate up to 6MHz at 15V.
Although the specification for this device is
quoted as 3MHz at 10V, the author informs us
that all of the devices he has tried have worked
well.

The author suggests that a 600 ohm, 25kHz
filter be used in the receiver circuit.
Misprint corrections: In Fig. 4, L, should not be
tapped; R, should read R,g and Rj; near Cy,
should read R ,.
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WITH ANTEX

SOLDERING
IRONS...

/
e
s i

plated steel spring and is
suitable for all our models
Priced at £1.75 inc. VAT & P&P

Stand S.T.3
.. has a chromium

Our comprehensive range is sure to meet your need.

With the new Antex soldering stand
you have the assurance that with the iron
tucked neatly into the strong angled
spring coil you have maximum safety
when preparing or waiting for the iron to
heat. Moulded into this stand is provision
for six alternative bits, and two small
sponges for cleaning bits.

This sturdy plastic stand is a useful
addition to any household or workshop.
The SK3 and SK4 kits comprise of a full
instruction card mounted with either the
CX miniature soldering iron or the larger
X25 general purpose iron. Included in
both of these kits is the safety stand.

All the range of Antex soldering irons

are made on the principle of putting the
heating element inside a shaft, then the
desired bit is eased over the shaft, giving
maximum heat transference, this is why

so often a small Antex iron can do the job

of a larger conventional iron. The
precision made slide on bits are slit to
make them easily interchangeable.
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| Model CX-17
ﬂ watls
a miniature iron I_I

w:th the element L
A,

enclosed first in a

ceramic shaft, then
In stainless steel
Virtually leak-free.
Only 7%'" long.
Fitted witha 3/32"
bit £3 91 inc VAT
& P&P Range of 5 |
other bits available

from '’ down to U

3/64"

' Model X25-25 watts

A general pur-
pose iron also
with a ceramic
and steel shaft to
give you
toughness com-
bined with near-
perfect nsu-
lation Fitted with
Y8’ bit and priced

| at£3.91.nc. VAT

& P&P. Range of
4 other bits avail-
able

B.E.A.B.
APPROVED

Model SK3 KIT
ontains Model SK4 KIT Model SK1 KIT
both the This kit contains a
de! CX Wit - 8ie 15-watt minature
me : model X25 Id
soldering xc?mz,. | soldernng ":g com-
dthe KT ellf genera plete with 2 spare
won an purpose bits a coll of solder a heat
stand iron and the sink and a booklet, How to
S T 3 i <M $T.3 stand solder Price £6 18.nc VAT & P&P
5| Priced at ! T | and s = —
T £5'k62 0y | = B E A B Model MLX KIT S '&" =
3l makes a =
L cell rl i safety label, The soldering ron 1n this
excelien ¥ this kit 1s a kit can be operated from
present for must  for any ordinary car battery
4| the radio o 0 Y It1s fitted with 15 feet
i amateur, o * AN SIA) IO flexible cable and battery clips Packed in a
model- II"\ W o :‘1" in the strong plastic envelope it can be leftinacar a
mak o | home boat or a caravan. ready for soldering in the
arer °f LA field Price £4 53 inc VAT & P&P
hobbylst

Stocked by most of the well-known wholesdlers and
many retallers Or direct from us

i you are desperate

X

I Please send the following

Address .. ..

I Please send the ANTEX colour brochure

ANTEX LTD. FREEPOST, PLYMOUTH PL1 1BR TEL. 0752 67377

WWwi1
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The world over_ For high quality electronic valves,
; semiconductors and integrated
circuits — and the speediest service —
You get the specify Haltron. It's the first choice of
Governments and many other users
= throughout the world. Haltron product
best SerV|ce quality and reliability are clearly
confirmed. The product range is very,
very wide. And Haltron export
from Haltron expertise will surely meet your
requirements. Wherever you are, get
the best service. From Haltron.

Hall Electric Limited,
Electron House,
Cray Avenue, St. Mary Cray,
Haltron Orpington, Kent BRS 30..
: g Telephone: Orpington 27098
Telex: 896141

WW—022 FOR FURTHER DETAILS
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Microcomputer design — 3

Practical realisation of a microcomputer system

by C. D. Shelton” B.Sc. (Eng.). ACGI, M.Phil, Ph.D.
in association with Shelton Instruments Ltd and NASCO Ltd

The previous two articles developed the
theme of a microcomputer system in the
order of microprocessor, memory,
input/output and a practical example.
This third article uses the term
"'microcomputer system’’ to mean a
microcomputer (as defined in the
November issue) acting together with a
specific software package. When
designing microcomputers, the most
important features of the hardware are
the trade-offs between prices and
performance balancing hardware and
software.

THIS ARTICLE begins to describe the
practical realisation of a microcomputer
system using principles outlined in the
first two articles in this series. Referring
to Fig. 4 of Part 1 (November issue) all
components shown there are present in
one form or another. Fig. 1 shows a

‘Shelton Instruments Ltd, the designers of the
NASCOM | microcomputer kit {see November issue,
p.45).

version of that Fig. 4 which more nearly
approximates to the kit hardware to be!
described. We shall deal first with in-
put/output, then, in a later article, with
memory and lastly the microprocessor
itself.

The design aim for the hardware was
to include as many features as possible
for programme development while
keeping the total cost of the com-
ponents to a minimum. This aim was
approached by designing from the
peripherals inwards towards the central
processor; and the peripherals chosen
were: keyboard, serial i/0 device and
visual display, with a 16-line i/0 as an
optional extra. The price of the kit
depends on the cost of the hardware,
but this can be minimised by increasing
the software, so it would seem that the
software should be maximised. There is
a feature of software which has to be’
borne in mind, and that is that e.p.r.o.ms
(see November issue) occur in units of
1024 bytes. Again for cost reasons the
maximum software allowed was fixed

at 1024 bytes; in other words the soft-
ware could be contained in a single
MK2708 e.p.r.o.m. device.

Peripheral 1 — the keyboard

The keyboard was reduced to its simpl-
est form and is shown diagrammatically
in Fig. 2. The circuit diagram is in Fig. 3.
It is arranged as a single-port peripheral
and the port address has been chosen as
zero (P, in Fig. 1). The hardware reali-
sation includes two integrated circuits
to obtain latched outputs and gated
inputs; thus 16 lines are available for
port zero, eight in and eight out. Further
use has been made of the output lines by
choosing a 6-bit latch and using only

Fig. 1. Block diagram of the
microcomputer system. This can be
related to Fig. 4 in the November issue
and Figs ! and 2 in the December issue.
Part of the system is described this
month, the rest in a later article.
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two of the lines for the keyboard. These
two lines drive the clock and reset in-
puts of a counter decoder integrated
circuit whose outputs are connected to
columns of keys. To avoid phantom key
appearances, a diode is connected in
series with each contact. The matrix of
keys is completed by six row lines, each
driving a BC238 transistor amplifier
which is connected to an integrated
circuit forming the port input trans-
mission gate. Output commands to port
zero cause the data bus to be latched in
an integrated circuit while input com-
mands cause the keyboard row lines to
drive the data bus.

Thus the c.p.u. has the opportunity to
determine which keys on the keyboard
are pressed, and it is left to the software
to determine contact bounce elimin-
ation, change of state and code assign-
ment.

There are one or two other features of
note concerning port zero. The i.c.
forming the port input transmission
gate is an 8-bit buffer so that two bits
are available to the user and do not
interfere with normal keyboard
operation. On the output side, the other
bits of port zero from the second i.c. are
used as follows:

WIRELESS WORLD, JANUARY 1978

: Port O Port O
—t B
$0utpul input —1
* —
|
K 3 Reset
Counter/decoder
p8° Clock
Latch ] Gate }
Data bus

Control

Control

Q,: available to user

Q,: a low to high transition on Qs in-
itiates a hardware single-step logic sys-
tem to be described later.

Q,: when Q is high a transistor is ener-
gised to drive a light emitting diode. The
software uses this to indicate that the

Fig. 2. Simplified diagram showing
essentials of the keyboard system.

Fig. 3. Circuit diagram of the keyboard
and associated electronics.
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user should turn on the tape cassette
drive. This can be modified to drive a
relay to perform the drive start
automatically.

Qs: available to user.

Peripheral 2 — the serial i/0 device

Since the data in the computing system
is organised in 8-bit parallel form, some
method of converting this to serial form
on a single wire circuit is extremely
useful. The basic requirement is a
method for shifting a byte “sideways”
into the single wire circuit. Such an
operation appears the same from the
outside whether performed by shift
instructions or by means of a hardware
shift register. The availability of suit-
able shift registers at very low cost and
the limitation of software space com-
bined to decide us to use hardware for
the parallel to serial conversion. The
device chosen is known as universal
asynchronous receiver-transmitter
(u.a.r.t.). It consists essentially of two
shift registers, one to transmit and the
other to receive; thus transmission and
reception can take place simult-
aneously. To the processor the device is
made to appear as two ports P, and P,
(see Fig. 1). Data for transmission is fed
to port 1. Similarly, received data is
made available by taking it from port 1.
Port 2 has no output significance but an
input command causes “u.a.r.t. status”
to be transferred to the data bus. The
main signals of the status word are:

(1) bit 7 signifies that data has been

received and can be obtained from port
1.

(2) bit6 signifies that the transmitter
is free to be loaded with data on port 1.

Other bits are connected to the data bus
to indicate faulty reception if needed by
the software.

Details of the u.a.r.t. circuits will be
given in the next article, but the follow-
ing remarks may be helpful at this stage.
The rate at which data is shifted is
determined by applying a clock signal to
the receiver and transmitter clock in-
puts. The source of this clock signal can
be one of three generators. There is a
divider chain operating from a crystal
oscillator elsewhere in the system, and a
5kHz clock signal is taken from this
chain for operating the u.a.r.t. at 312.5
bits per second. Since a stop bit and a
start bit are added to the byte there are
10 bits in each word transmitted. (By
applying + 5V to a pin on the device this
can be increased to 11 bits by adding
another stop bit.) Note that the baud
rate is 8 X 31.25 whereas the bit rate is
312.5 bit/s. Since a baud is a bit/s of
information, the start and stop bits
should not be included. Thus the trans-
mission rate is 31.25 bytes per second
using this clock. The second clock
source is a simple oscillator using the
555 integrated circuit which can be
adjusted to operate at 1760Hz, and this,
when two stop bits are sent, puts the

data in a format suitable for use with
teleprinters. The third clock source is
simply any external clock the user may
care to apply.

Serial data signal conditioning

There are basically two types of exter-
nal device which” will be connected to
the serial i/0 system. These are audio
cassette recorders on the one hand and
conventional teleprinters or v.d.us or
serial data inputs to other computers on
the other. For cassette recorders, a
modulated tone is required. This is ob-
tained by gating the 5kHz clock signal
with the serial data, and the result can
be attenuated if necessary by the user to
suit his audio cassette recorder. The
playback signal from such a recorder is
a series of tone bursts corresponding to
the serial data stream. A tone detector
circuit is made up from an integrated
circuit and associated components to
recover conventional logic levels from
the tone signal. The serial input to the
u.ar.t. may not be derived from two
sources and so the input must be linked
to the data source chosen by the user.

.Conventional serial devices use one of

two conventions for data transmission,
either RS232 or 20mA current loop.
Both these are provided by discrete
components and can be taken via a
socket. The output is available in all
three forms, RS232, 20mA loop and
tone, simultaneously but the input may
occur on only one.

Peripheral 3 — parallel i/o

The parallel input/output (p.i.o. in Fig.
1)is an l.s.i. package, type MK3881 from
the Z80 set of microcomputer com-
ponents. The p.i.o. has its registers’
addresses defined by hardware selec-
tion logic but its function is program-
mable. The device interfaces the Z80
c.p.u. to the user’s circuits by providing
16 lines, which may be either input or
output, together with additional “hand-
shake” signals. The p.i.o. has interrupt
logic to deviate programme execution
on a change of external logic state if
required [|

Part 4 of this series will describe the
remainder of the microcomputer system. The
microcomputer kit, NASCOM I, is available
from Lynx Electronics (London) Ltd., 92
Broad Street, Chesham, Bucks (tel: Chesham
(02405) 75154).

Microcomputer show

Wireless World is one of the sponsors of
Microsystems ‘78, a seminar and exhibition
on microcomputers and other small digital
systems to be held at the West Central Hotel,
London, February 8, 9 and 10. Information

‘from Chris Hipwell, Room 125, Dorset House,

Stamford Street, London SE1 9LU. See also
advertisements.

www americanradiohistorvy caom

77

Continued from p.70

superimposed. This extra information
can be obtained from the fuse .manu-
facturer. With large and expensive in-
stallations it is also necessary to take
into account the effects of overload,
either cyclic of non-repetitive, and the
possibility of heavy currents from ca-
pacitors.

For small equipment such as radio
receivers and amplifiers, miniature
fuses are used. A most popular type
for many years was the 1% X %in to
BS:2950. These can be obtained with
current ratings from 50mA up to 25A.
The corresponding voltage rating is
reduced from 1000V. for the lowest
currents to 32V at the highest currents.
The fuses are colour coded and are
available in quick blowing types with a
maximum voltage of 250V. Recently,
the 20 X 5.2mm fuse to BS:4265 and IEC
127 has been more extensively used
with current ratings from 32mA to 6.3A.
With miniature quick acting fuses the
element is a very fine wire and tends to
have relatively high arc voltages on
operation. This depends on the resis-
tance and reactance in the circuit and
the instant when the fault occurs. A
number of tests made on 200mA fuses
with random point-of-wave switching
on a 240V circuit showed that in one
case a peak arcing voltage of 350V
occurred. A diode in this circuit would
therefore require a maximum repetitive
peak reverse voltage of 400V.

Fuses to BS:4265 can be obtained with
a wide range of operating speeds which
are marked on the fuse link; FF is very
quick acting, F is quick acting, M is
medium time lag, T is time lag, and TT is~
long time lag. Various methods are used
to meet the range of speeds, including
the use of different materials such as
silver, copper, nickel-chrome alloy or
the use of two metals. Anti-surge fuses
are available which withstand surges of
101, for up to 20ms. In this type the
element often consists of two parts, one
of which is a small spring soldered to a
thin wire. Eutectic solder may be used
to connect the element to the end cap

" and a low melting point alloy may be

used for the junction.

The M effect, first described by Me-
tacalf, is often used with medium time
lag fuses. In a very precise machine
operation, a small blob of solder about
2% times the diameter of the element
wire is placed on the element. The
melting point of the alloy is very much
lower than the wire and results in a
longer operating time and a lower fus-
ing factor.

Acknowledgement. The author wishes
to thank Mr. P. G. Newbery of Brush
Fusegear Limited for his assistance. []
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The 50-million QSL man

FOR many yeéars one of the best known
addresses in the world of amateur radio
has been “G2MI, Bromley, Kent”. Forin
1939, Arthur Milne, G2MI, took over
operation of the RSGB QSL Bureau,
probably the oldest, biggest and most
efficient of all the bulk-handling QSL
bureaux. It was formed in 1925 by Cecil
Jamblin, G6BT, and operated during
1930-39 from the Society’s offices at 53
Victoria Street, London, with Douglas
Chisholm, G2CX, as QSL manager until
the offices were closed on the outbreak
of war in September 1939.

Evacuated with Post Office
engineering departments to Harrogate,
Arthur Milne looked after the
continuing inflow of cards for pre-war
contacts until security regulations
brought overseas postcards under a
wartime ban. But in 1946 with the
restoration of amateur licences the
two-way flood of QSL cards began to
arrive in Bromley at something like
30,000 a week, about 1.5-million a year.

Now, some 50-million cards later,
Arthur Milne and his wife Lucy Milne
have handed over the running of the
bureau to one of his team of sub-
managers: E. G. Allen, G3DRN.

Arthur Milne has been a life-long
amateur enthusiast: he held one of the
old “artificial aerial” licences at the age
of 15; G2MI (originally issued to
McMichael Ltd at their Kilburn factory)
followed in 1924 when he was 17. Now
at 70 years of age he is standing aside
from QSL cards but still remains the
GB2RS newsreader for the south-east of
England on 3650kHz on Sunday
mornings where he seems all set to
establish another record: he will soon
read his 1000th weekly bulletin.

In the air

«top BAND"” (1.8MHz) users are ex-
pecting to receive a welcome New
Year present in the closing down at the
end of this year of the Loran A pulse
stations in the UK, Iceland, Norway and
Greenland that since 1946 have made it
virtually impossible to use frequencies
around 1900kHz after dark. During
October a number of UK to New
Zealand contacts were made on this
band.

Test flights of the AMSAT/JAMSAT
144 to 435MHz transponder were due to
be made on December 3 from an aircraft
piloted by Booth Hartley, N6BH, over
Southern California. This transponder
is due to be launched (possibly on
February 17, 1978) on the Amsat-Oscar
D satellite which will become Oscar 8 if
successtully orbited. This is the fourth
time an amateur satellite transponder
has been carried on test flights during
which amateurs can use the
transponder in a similar manner to
when it is in orbit.

Apropos the “power game” notes

(December 1977 issue), I wonder how
many amateurs are aware that the
Home Office still issues to some British
amateurs special permits allowing the
use of 1kW (d.c. input) power for such
purposes as meteor scatter and
moonbounce? It is a licence facility that
receives little publicity!

The Raynet emergency com-
munications and civil community
services system organised by the RSGB
now includes over 70 groups
representing some 1800 members. A
significant increase in activity during
1977 is attributed to the inclusion, in the
current amateur licence, of county
emergency planning officers among
those who can officially call on Raynet
for help.

The American FCC now appears to
have abandoned industry proposals for
a Class E Citizens’ Band licence which
would have operated within the
220MHz Region 2 amateur band. In
Australia, however, amateurs have lost
the use of 26.96 to 27.23 MHz with the
introduction there of authorised CB
operation on 18 channels (10kHz)
between 27.015 and 27.225MHz with
maximum transmitter output power of
4 watts (a.m.) or 12 watts p.e.p. (s.s.b.).
However, the Australian authorities
have stated that CB will operate
exclusively on u.h.f. from June 1982.

Hundred-up for CQ-TV

A spECIAL 40-page edition of CQ-TV
(journal of the British Amateur
Television Club) marking its 100th issue
includes a reminicent note by Mike
Barlow (former G3CVO) who produced
the first issue on the guardroom
typewriter at Catterick Camp, while
doing “National Service” in 1948. He
recalls the early work of Ivan Howard,
G2DUS, whose 5527 iconoscope camera
gave many their first glimpse of
amateur television; the first BATC
convention in 1951, the year when 70-
cm amateur tv was first authorised; the
reorganisation of the club in 1952 when

Grant Dixon, G8CGK, became its first
Chairman; the first 3-mile amateur tv

‘contact by G5ZT and G3BLV in 1952;

cctv colour pictures by Grant Dixon in
1953; the first two-way colour contact
between himself and Ralph Royle,
G2WJ using G8CGK'’s equipment in
April 1956.

Norrie Macdonald, GM4BVU, also
reports his experiences with the
working display of 30-line mechanical
tv at the Baird Jubilee exhibition of
the University of Strathclyde. The
mechanically produced pictures were
displayed electronically on a modern
Baird receiver and one of the few items
of equipment on which the old problem
of 30-line “syncs” could be successfully
overcome was a modern video cartridge
machine. Pictures were crude but
recognisable as a reproduction of the
pictures indicates.

The Australian Post Office has
granted the first Australian licence to
operate an unattended amateur tv
repeater station (VKSRTV) serving
Adelaide. Since the output frequencies
on the Australian 50cm amateur band
fall within the international television
allocation (Band IV) the public will be
able to see the transmissions without
any modification to System G receivers
(426.25MHz vision carrier, 431.75MHz
f.m. sound).

In brief

DAVID EVANS, G30OUF, a pilot with
British Airways, is to become general
manager of the RSGB from January 1,
1978 in succession to George Jessop,
G6JP who will remain at Doughty
Street until the middle of the year. .. No
further distinctive prefixes for a number
of US islands in the Pacific and
Caribbean will be issued although
existing stations will continue to use
KM6, KP6, KV6, KS6, KJ6 etc. New
licences will be either KH6 (Pacific) or
KP4 (Caribbean) . . . An amateur tv
activity week is scheduled for January 7
to 14, 1978 . . . A number of “pirates”
operating in the Manchester area on
144MHz have been traced and a
considerable amount of equipment
confiscated . . . Mrs Sylvia Margolis
(widow of G3NMR and mother of
G3UML) who was public relations
officer for the RSGB for some years
during the 1960s and a regular
broadcaster on national and local radio
died recently . . . Eric Mollart of the
Mid-Thames group was winner of the
national final of the annual 1.8MHz
direction finding contests, successfully
locating three hidden stations in about
2% hours. .. Arthur C. Gee, G2UK, isto
co-ordinate the facsimile activities of
members of the British Amateur Radio
Teleprinter Group. British amateurs are
now permitted to transmit facsimile
signals in the 7, 14, 21, 28 and 144 MHz
bands.

PAT HAWKER, G3VA
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NEW PRODUCTS

1 Mixer-preamplifier

The C62-1 mixer-preamplifier has
been specifically designed for use
in the satellite communications

band. It has a gain ripple of less

than 0.1dB and its gain variation
over its entire frequency range is
typically less than 0.5dB. Due to
the low v.s.w.r. on the l.o. and i.f.
ports (1.25:1) and the r.f. port

-

&
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Wwi0l1

(1.4:1), isolators can be elimated
from most applications. The C62-
1 has a conversion gain of
18+0.5dB and an overall noise
figure from 10 to 10.5dB with
+10dBm of l.o. drive power ap-
plied. Power requirement is
2lmA at -15V. Watkins-
Johnson, Shirley Avenue, Wind-
sor, Berkshire SL4 5JU.

WW301

Modular power
supply

Power supplies in the 482 series
are based on a driven inverter
system design. They have facil-
ities for voltage programming,
current and voltage limiting and
inhibiting. The standard series
covers voltages up to 30kV and
power levels up to 20W. All of the
units are short circuit and
flashover protected. Hartley
Measurements Limited, Kenward

House, Hartley Wintney,
Basingstoke, Hampshire.
WWw302

Marine products

Five communications and

navigation products, launched by
International Marine Radio
Company, include a direction
finding receiver, type DF770, and

two transmitters, types IMR 764
and ST1680A. The DF770, which
conforms to UK specifications, is
designed for on-board merchant
vessels and enables ships’
positions to be established using
navigational beacons. The IMR
764 is a reserve transmitter which
meets reserve and medium
frequency UK specifications in
addition to having the 2182kHz
emergency RT distress
frequency. Type STI680A is a
main transmitter. The other two
products are a shipborne telex
system known as Microtor and a
modular automatic telephone
exchange called the ETX. Intern-
ational Marine Radio Company
Limited, Peall Road, Croydon,
Surrey.

ww3o03

Twin rotary wafer

switches
N.S.F. Switches & Controls Ltd
have increased their MA

moulded wafer range to include
models having concentric shafts.
These models enable two sepa-

WWwW3n4

rate switches or controls with
different functions to be accom-
modated. There are four models
having overall wafer dimensions
and switch positions as follows:
type MM, 34.3mm by 24; type
MK, 38.Imm by 12; type ML,
36.6mm by 35; and type MSD,
49.2mm by 12. N.S.F. Limited,
Switches and Controls, Keighley,
Yorkshire BD21 5EF.

WWw304

R.C. oscillators

Improvementshavebeen made to
the specifications of the TG200
series of RC oscillators from
Levell Electronics Ltd. These in-
clude reduced sinewave distor-
tion and improved frequency ac-
curacy. The TG200DMP model
has a frequency range from 1Hz
to IMHz in 12 ranges and in-
cludes a 0 to 1% fine control.
Accuracyis +15%+0.0lHz up to
100kHZ and *2% up to 1MHz.
Sinewave outputs are from 7V
r.m.s. down to less than 200pV
with a source resistance of 600§2.
Distortion is less than 0.05% from

ampiTuoE
MAR N T b Lt (o

M‘:‘i m-ﬂf_-.:.-'}gqg;i‘?:

WW305

50Hz to 15kHz, less than 0.1%
from 10Hz to 50kHz, less than
0.2% from 5Hz to 150kHz and less
than 1% at 1Hz and IMHz. Levell
Electronics Limited, Moxon
Street, Barnet, Herts. EN5 5SD.
WWwW305

Slotted optical
switches

Optical switches in the series
OPB813 to 815 have gallium-
arsenide l.e.d.s coupled with n-p-
n silicon phototransistors. They
are housed in plastic and include
an infrared transmitting filter

7
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ambient light applications and
dust protection. Maximum
ratings for the diode are: forward
current, 50mA; peak forward
current, 3A; reverse voltage,
3V; and power dissipation,
100mW. For the output sensor
the ratings are: V¢ 30V; Vg 9V,
Io 30mA, and power dissipation,
150mW. Minimum on-state col-
lector currents range from 0.5 to
1.8mA and the operating temper-
ature range is —55 to 100°C.
Norbain House, Arkwright Road,
Reading, Berkshire RG2 OLT.
WW 306

Infrared detectors

Two infrared detectors have been
developed specifically for the in-
truder alarm industry. The PPC
522C has a 2X2mm ceramic py-
roelectric detector element with
an impedance matching j.f.e.t.
preamplifier. A thick metal end
cap on a TO5 header ensures that
rapid changes in ambient tem-
perature will not give rise to false
alarms, and a thick germanium

N
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window excludes radiation below
6.5 micron but gives maximum
transmission at 10 microns — the
wavelength at which maximum
heat radiation is omitted by the
human body. The PPC 1821C has
a similar specification to the 522C
except that the detector element
measures 2XImm and has a
TO18 header. The devices have a
voltage response of 500V /W and
a noise equivalent power of
6Xx10~° W/ \/Hz. Plessey Opto-
electronics and Microwave Unit,
Wood Burcote Way, Towcester,
Northamptonshire.

ww 307

Audio recording

system

A portable two-channel recor-
ding system, the CMS2000, from
Bell and Howell, when used with
a monitor will record audio and

.
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time code signals simultaneously
at 1% in/s. A carrier operated
relay (c.o.r.) input allows the
recorder to monitor and record
data remotely and automatically.
Start time from the c.o.r. com-
mand is 15ms. Two or more
CMS2000 modules can be inter-
connected to provide continuous
and overlapping recording of
data while unattended. Bell and
Howell, Electronic & In-
struments Division, Lennox
Road, Basingstoke, Hampshire
RG22 4AW.

WWw 308

Bit rate generators

Two programmable, c.m.o.s. bit-
rate generators, the HD4702 and
the HD6405, operate at
2.4567MHz and dissipate only 4.5
and 4mW respectively. The
HE4702 can be programmed to
provide any one of 13 commonly
used bit rates, and the HD6405
can extend this to 15 selectable
rates. The 4702 has on-chip t.t.l.
compatible pull-up circuitry and

is identical in specification and
pin configuration to the 4702
devices. The 6405 has standard
high impedance c.m.o.s. inputs.
Memec Limited, The Firs,
Whitchurch, Nr. Aylesbury,
Bucks.

WW 309

-Condenser

microphone system
A modular professional mi-
crophone system, introduced by
Electro-Voice S.A., consists of a
number of elements which can be
interchanged to fit specific appli-
cations. System C, as.it is called,
includes two preamplifiers, one
for handheld applications and
one for boom applications. Four
interchangeable capsules are
available: omnidirectional,
cardioid, hypercardioid and a
shotgun type registered as Car-
deline. Gulton Europe Limited,
Electro-Voice Division, Maple
Works, Old Shoreham Road,
Hove, Sussex BN3 7EY.

wWw 310

Digital meter chip

The ADD3701 is a c.m.o.s. i.c.
which requires only a display, an
external 5V voltage reference
and a digital drive to form a 3%-
digit digital voltmeter reading up
to 3.999 units. This device adds to
National Semiconductor’s
ADD3501 3'%-digit device, for
readings up to 1.999, which was

wm

introduced earlier this year. The
ADD3701, which has automatic
polarity and an on-chip clock,
includes input protection up to
200V and will drive 0.5 or 0.7in
common-cathode l.e.d. displays.
Price is £8.72 each for quantities
of 100. Natijonal Semiconductor
Limited, 19 Goldington Road,
Bedford MK40 3LF.

wWWw 311

Sheet metal

enclosures

A wide range of standard in-
strument enclosures, from Actu
Engineering, can be supplied in
various finishes including primer,
stove enamal or epoxy resin
paint. The enclosures include
features such as welded seams,
cover seals, conduit “knock-
outs” and windows. The com-
pany can also produce enclosures
to customers’ designs. A broch-
ure is available, and Actu will
quote for “specials” upon receipt
of customers’ drawings. Actu
Engineering, Vale Road, Hart-
cliffe Way, Bristol BS3 5RU.

wWw 312

Wire strippers

A wire stripping tool, from Eraser
International Ltd, is designed to
remove film-type insulations
from round wires of sizes betw-
een 11 and 33 s.w.g. The CF cen-
trifugal wirestripper has three
blades which automatically ad-
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just to the wire size. The cutters,
which operate at low voltage for
safety, are supplied complete
with a “variable speed’ trans-
former. Eraser International
Limited, 2/3 Hampton Court Pa-
rade, East Molesey, Surrey KT8
9HB.

wWw 313

Automatic distortion

meter

The model DM-155A distortion
meter measures distortion to
0.01% (t.h.d.) full scale and has
automatic frequency tuning, ba-
lance and fine level setting.
Residual distortion is claimed to
be as low as 0.0018%. The meter,
which has nine distortion ranges
from 0.01 to 100% full scale,
covers the fundamental
frequency range from 10Hz to
110kHz and includes terminals
for harmonic analysis or for an
oscilloscope display. The DM-
1595A can be used as a 30uV to

300V full-scale a.c. voltmeter
having a bandwidth of from 10Hz
to 300kHz. Cost is £970 plus v.a.t.
Lyons Instruments Limited,
Hoddesdon, Herts.

ww 314

Power divider

A four-way, coaxial power
divider, from Southern Mi-
crowave Laboratories Ltd, covers
the full military communications
band from 200 to 400MHz. The
unit is designed to offer close
amplitude and phase tracking
characteristics between channels
of =0.1dB and 5 degrees respec-
tively. This performance, coupled
with a power handling capacity
of 100W c.w., makes the device
most suitable for antenna multi-
plexing. The unit measures
270 %127 X 12mm. Southern Mi-
crowave Laboratories Limited,
103 Station Road, Hayling Island,
Hants PO11 OEE. ’
WWw 315
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High power resistors
The HVR series comprises high-
voltage, high power resistors
capable of dissipating 50W in air
and 100W when oil cooled. The
resistors, which are manufac-
tured using thick film techniques,
have a maximum working direct
voltage of 125kV. Because of
their low residual inductance,
they are capable of operating at
high frequencies. Three methods
of termination are available:
radial lugs. plain silver band and
tapped brass insert. The CGS
Resistance Company Limited,
Marsh Lane, Gosport Street,
Lymington, Hampshire SO4 9YQ.
wWWw 316

Rocker switches
Refinements have been made to
the Arrow 92 series of rocker
switches. In addition to having
smoother outlines and rounded
edges, the illuminated versions
have serrations inside instead of
outside the switch. The
illuminated-window versions,
which previously had coloured
insets, may now use a series of
snap-in transparent windows.
These windows can have legends
printed*on them to order, or
legends can be written on trans-
lucent slides that fit into slots in
the windows. The push-on spade
terminals have also been im-
proved. Rocker switches in the 92
series are nylon moulded and are
rated at 250V, 16A. Arrow-Hart
(Europe) Limited, Plymouth
Road, Estover, Plymouth PL6
7PN.

WW 317 -

Star-delta timer

An electronic timer called the Y9
has been specifically designed for
star-delta motor starter appli-
cations. It offers continuously
variable timing periods ranging
from 0 to 20s and a dwell time of
75ms. The Y9 will operate from
any supply in the voltage range
220to 415V at 40to 60Hz, without

wWw 317

modification. The timer requires
only 25 x 67mm of panel space. B
& R Relays Limited, Edinburgh
Way, Harlow CM20 2DJ.

wWw 318

Fibre-optic
telephone system

A two-station, fibre-optic audio
communication system, from
Belling & Lee Ltd., comprises two
telehone units, two fibre-optic
transmitter and receiver modules
and an interconnecting duplex
light guide assembly. The light
guide assembly can be supplied in
lengths up to 100m. The system is
fitted with a stabilized mains
power supply unit but battery
operatéd modules are also avail-
able. Belling & Lee Ltd, Great
Cambridge Road, Enfield, Midd-
lesex EN1 3RY.
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Direction finder

A digital device called the
DDF300 is claimed by its makers
to revolutionize small-boat radio
direction finding. The hand-built
unit has been designed for ease of
operation and is suitable for
world-wide wuse over the
frequency range 190 to 500kHz.
The frequency of the required
station is selected on a keypad, a
trigger is squeezed, and then the
instrument is rotated for anull on
its meter or earphones. On
releasing the trigger the built-in
non-liquid compass is locked so
that the bearing does not have to
be read while in use. The auto-

WW 320

matically tuned receiver is crys-
tal driven and has a digital clock
accurate to 2s per week. The unit
weighs only 1.2kg. Aptel Marine,
A Division of A.P.T. Electronics
Limited, Darwin Close, Reading,
Berks RG2 0TB.

wWWw 320

Sinewave inverters

The Roband Rosine range of
sinewave inverters is designed
for h.f. mobile communications,
where low radiated and con-
ducted interference are of vital
importance. Fully protected units
are available with outputs of
either 115V/60Hz or 240V/50Hz
at 100W (12V, 24V or 28V input)
or 300W (24V or 28V input), with
power factors down to 0.2 lag-
ging. The units are said to be
compact, rugged and proof

against humidity, shock and vi-
bration. A military version is also
available. Roband Electronics
Limited, Charlwood Works,
Charlwood, Surrey RH6 0BU.
wWWw 321

One-chip processor

At around £1.70 in production
«quantities, Intel’s 8021 micro-
processor is a single-package sys-
tem intended for use in domestic
machines, test gear, cars and
many other control and timing
applications. Briefly, it is charac-
terized by an 8-bit word, 64 bytes
of r.a.m., 1K programme storage,
21 1/0 lines, a programmable
event or interval counter to
economize on programme space
and a built-in clock oscillator. A
5V, fairly rough, supply will
power the device. Programmes
are in masked r.o.m. for produc-
tion, but are developed using an
e.por.om. and an emulator. Intel
Corporation (UK) Limited, 4 Be-
tween Towns Road, Cowley, Ox-
ford OX4 3NB.
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Reed switches

Reed switches in a range from
Astralux are miniature, high
reliability devices designed for
general electronic switching
functions. The switches range in
size from 0.07in diameter by
0.47in length to 0.207in diameter
by 2.07in length. Switching con-
figurations include single-pole/
single-throw,  single-pole/
double-throw and a magnetically
biased changeover switching for
latching applications. Astralux
Dynamics Limited, Brightlingsea,
Colchester, Essex CO7 0SW.

WWw 323

P.c.b. fault finder

The 2220 Bug Hound is claimed
to simplify the process of locating
a shot, open, bad i.c., or other
faults found on p.c.bs. A current-
tracing probe on the Bug Hound
enables the operator to Stay on
the correct track when tracing a

WW 324

fault, even in areas where several
tracks run close together. The
fault finder also has a microvolt-
meter with two single point
probes, a 10mA current source,
and a joint (conductivity)
tester. Genrad Limited, Bourne
End, Bucks.

WW 324
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Help!
NORMALLY, the people in this office
are easy-going, lovable, generous to a
fault and kind to animals. We just get on
with producing Wireless World every
month, in the best way we know how,
parrying telephone calls with absent-
minded ease. But about once a month,
our newest arrival on the staff, who is
not one to mince his words, turns a
rather attractive shade of puce and
announces his imminent resignation.

It rather looks as though we must
have been helpful to someone, somew-
here, sometime, because when anyone,
anywhere, anytime can’t remember
what Rank’s ‘phone number is, or who
handles some foreign company in the
UK, they ring us. Now, flattered as we
are that people with problems should
turn to us in their hour of need, we feel
impelled to point out that a large
number of the questions we have to deal
with could be answered by the ques-
tioner himself, quite easily, by reference
to the telephone directory.

The most recent offer of resignation
from my apoplectic colleague was
caused by his being asked just such a
question while he was at a critical stage
in the preparation of an article. It was
not possible to answer immediately so
he promised to ring back later. He found
the answer (from Directory Enquiries)
and rang back — twice — with no suc-
cess, except in attracting a certain
amount of coolness from the enquirer’s
secretary. When contact was finally
made, the chap said: “Oh, thanks — 1
just wanted to know for interest.”

We do like to help when we can, but
we don’t run a free information service.
We have a journal to produce and if
interrupted too often tend, like anyone
else, to make mistakes. Besides, the next
time he says he’s going to leave, he
might mean it.

Status quo?

THE Irishman with both legs in one
trouser leg discovered the effect, quite
by chance. It had been a bit of a night
and Seamus had this problem with his
trousers, which he discovered was
eased if he took one leg out and put itin
the other half trouser. So he thought
that, as moving one leg had helped,
moving both would be even better, and
he finished up back in Square One.

What I hadn’t realised is that a close
relative of the above philosopher is
actively engaged in the recording in-
dustry. A recent record sleeve from
America bears the following exhor-
tation:

“Audiophile Note: For optimum tran-
sient response and spatial clarity we
recommend that the polarity of BOTH
channels be reversed at the speaker
terminals (+ output terminal on power
amplifier to — terminal on speaker and
vice-versa), however this procedure is
not necessary for perfectly satisfactory
playback.”

SNVE
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My colleagues in the office and the
correspondent who told us about it are
all at a loss to explain what Sheffield
(for it is no other) mean by it. The only
halfway reasonable explanation is that
somehow the polarities became mixed
up in the recording process so when the
drum goes bang the speakers suck in-
stead of blowing.

Come the revolution

LIFE was so much easier to cope with a
million years ago. At least, I suppose it
was. Try not to upset the local dinosaur
and keep a wary eye on the beetle-
browed lot in the next suite of caves and
life must have been one long riot. No tax
inspectors, no ‘Crossroads,” no com-
muting through the rush hour and no-
body any brighter than anybody else.
They can’t have been, or how come the

man who invented the wheel never got -

round to tyres?

Well, it’s different now, and you've
only to look at one of the new rash of
microcomputer magazines to have that
suspicion confirmed. The articles are
fairly obviously written by beings who
knowwhat’s what in computing;it’s just
that no-one ever gets to the point of
actually saying what it’s all for. I've
looked, in a cursory way, at dozens of
articles on programming micro-
processors and microcomputers and am
consistently left with the feeling that it’s
all a huge, expensive joke.

Well, honestly! You read a six-page
article on some devilishly ingenious
programme, honed to the last instruc-
tion for economy of memory and
execution time, and what does it do? —
wait for it — it plays ‘On Ilkia Moor
B’aht ’at’! This is actually a major leap
forward, because not only does it do
something, it also means that I've
understood the article. For I have to
admit that most of these articles appear
to display a pretty precarious hold on
reality. Information on connecting this
to that, pressing buttons A and B or
what the programme is supposed todois
considered to be too trivial to mention
— a supposition which must help a lot to
exclude undesirables.

But take heed, I intend to break down

the first law of computing — the Law of
Comprehensive Incomprehensibility. I
have been presented with a microcom-
puter kit, and when I find out what all
the bits are and recovered from the fact
that nowhere in the kit is there a piece
of paper to tell me what to do with the
wretched thing when I've glued the bits
together, I shall arrive on the micro-
computer scene like an avenging
angel. All will be explained to fellow-
sufferers from the effects of the First
Law, and chaps in cloth caps will come
into their own.

Dog watch

THOSE among you who have demon-
strated their supreme good taste by
reading this page regularly will have
realized by now that press handouts
(releases, in the pidgin) hold a good deal
of fascination for me. It’'s mainly the
language in which they are written, but
the complete denial of the existence of
competitors and the claims for ultimate
truth and- beauty can raise these com-
munications almost to the level of an art
form. They sometimes put me in mind of
a Coldstream guardsman I used to

know — long, elaborate and full of wind.
In the general welter of handouts that

pour in every day, we don’t often get the
chance to savour the full delights of
each separate one. Some have all the
punch and attack of an underdone
beefburger and others hit you between
the eyes immediately. But one came in
today that I consider leaves most of the
others standing. It was sent to us by a
firm offering digital watches, although,
after reading it, one feels that the writer
might be more profitably employed in
re-writing the works of Rossetti in more
poetic vein.

There are two pages of it and no-
where in the whole piece does it say
anything about the performance of, or
facilities offered by the watches. It goes
on at length about the case styling and
the lengths to which the company went
to obtain the ‘perfect’ watch. It is given
the name of a medal, and much of the
handout is taken up with a description
of the medal and its most famous re-
cipient. And, after all this, it turns out
that the watches are not made by the
firm at all —~ the electronics are
Japanese and the case is Swiss.

Still, we are assured that “each sec-
ond is divided into 32,768 parts” to
achieve the highest possible accuracy.
And they say this is worth saying again
and they go right ahead and do just
that. I don’t really understand for whom
this handout is written. It can’t be for
anyone who understands electronics
and [ would think most jewellers and
watchmakers would find it fairly ill-
judged. Perhaps the writer thought it
would make us read it and mention it
just because it is so utterly idiotic. If so,
he’s succeeded, but I'm not going to
advertise his watches for him.
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Logic Probe LP-1

It's compact. o

It's versatile, - %}’%’

It's beautifully designed. he >

It identifies High, Low,
or Intermediate levels,
open circuits,and
pulsing
nodes.

50 Nanosecond
Pulses on DTL,
TTL, HTL, CMOS!

It enables you to trace logic levels, pulses
and logic sequences through complex
digital circuits. :
It detects pulses as short
as 50nsec and stretches
them to }4 sec for easy

observation.
Try the LP-1and you won't know how you ever managed without it!

How it w0lka . X . Brief Specification: Max. input signal frequency:
You just clip the probe leads to the circuit power Input Impedance: 100,0000hms, 10MHz
supply, setting the‘Logic Family’ switch to DTL, TTL or cons/tant for all functions. Pover r\v/equirements:
CMOS.(CMOS position also covers HTL.). DTL/TTL Thresholds: 5 Volt Vcc, 30mA
Touch the probe’s tip on the node you're investigating :ggz (1): g;gggig: ig ;2 xg::svfrféiom/*
and the LP-1 lights up to show you exactly what you've got. HTL/CMOS Thresholds: Size: 6.1x 1.0x0.7 inches
The LED marked‘HI'comes on for logic state 1 (High) and logic 1. 1.70% Vce (155x 25x 18mm)
LoEmsenizloes elc0d o) Mo detestanie poise: Poveer lonts: 24 nches (610mm)
. ‘ ’ - n. . - »
~ The third LED, marked PULSE; shows the dynamic 50 nanoseconds colour coded.
signal activity at the node under test. Set the switch to :
‘PULSE’ and pulses as narrow as 50 nanoseconds are HI LED ON LD LED ON
stretched to Yz second. Single-shot and low rep. rate pulses ey /i
are clearly shown—you can't do that even with a fast CRO! J ' l
High frequency pulses up to 1I0MHz will make the PULSE' LoGIC 0" 8
LED blink continuously at 3Hz; and with assymetric signals \ /
the‘LO’ LED will come on for duty cycles under 30%, and PN FOR 13 SEC
‘HI'for those over 70%. LOCICRUNSS
Another useful feature is‘Pulse Memory! P / ) \l
Put the probe tip on to a node, switch to'MEM'and the | N
next logic change-positive or negative—or the next puilse Lo LED N Hi LED ON
edge, will cause the'PULSE’ LED to come on and stay on, | «—— T3 sEC —
until reset. Meanwhile,'Hi'and‘LO’ LEDS continue to function Hi LED ON
as usual. No other probe or logic checking device gives you LDGIC - LI | LI
all that! PULSE LED PULSE LED
LOGIC "0 OF" ‘ — 4 -— ‘ — ‘ ..;‘ LFF-
ON LY £29.m . . DURING FULLS(E, TLRE:N(S,:WONS PULSE LED BLINKS
Complete with instruction book, leads, and including AT 3Hz RATE
VAT (8%) and pOSt and paCklng Logic 1" H) LED ON LO LED DOES NOT RESPOND TD NARROW PULSES
It's easy to order
. 0GIC "o
Telephone 01-8_90 0782 and glve us your Access’ : i DURING PULSE TRANSITIONS PULSE LED BLINKS
Barclaycard or American Express number. Your Probe is in ATSHEIRATE
the post same day! LOGIC "1*
Or, write your order, enclosing cheque, postal order,or P -I _l n
stating(;:lr)edit card number and expiry date.(Don't post LO LED ON H) LED DOES NOT RESPOND TO NARROW PULSES
the card!

Alternatively, ask for our latest catalogue, showing all CONTRENZAL SPECLALTES S ORCRae

CSC time-and-cost-saving products for the engineer and
the home hobbyist.
CONTINENTAL SPECIALTIES CORPORATION (UK) LTD  SPUR ROAD.NORTH FELTHAM TRADING ESTATE, FELTHAM.MIDDLESEX TW14 OTJ. TELEPHONE.01-8900782
REG INLONDON 1303780 VAT NO 2248074 71 TRADE MARK APPLIED FOR « CSC (UK)LTD 1977. DEALER ENQUIRIES WELCOME  TELEX 8813669 CSCLTD
WW—006 FOR FURTHER DETAILS
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Audax HD12 9 D25 £7.50
Audax HD20B25J4 £10.95
Audax HD11 P25EBC £6.95
Baker Superb £22.50
Castle 8RS/ DD £9.95
Coles 4001 £5.90
Coles 3000 £6.25
Celestion HF1300 11 £7.50
Celestion HF2000 £9.75
Dajesford D20/105 4"’ £9.95
Daiesford D30/110 5" £9.95
Dalesford D50/513 6%’ £10.95
Datesford D50/200 8"’ £10.95
Dalesford D70/250 10’ £24.95
Dalesford D100/310 12" £30.95
Decca London £37.25
Decca CO/1000/8 £7.95
Decca DK 30 £24.50
Elac TW3/04 £2.95
Elac 6RM 171 £4.35
Elac 6NC204 £6.50
Elac 8NC298d/c £6.75
Elac 8NC245 bass £5.65
EMI 14A/770 14" x 9" £12.50
EM.| 8'x5"d/c10watt £3.95
Goodmans Axent 100 £8.50
Goodmans Twinaxiom 10" 8Q) £10.95
Isophon KK10/8 £8.25
Isophon KK8/8 £7.50
Jordan Watts Modute £17.95
Jordan 50mm Unit £22.50
Jordan CB Crossover £22.50
KEF T27 £8.50
KEFT15 £10.75
KEFB110 £10.95
KEF B200 £11.95
KEF B139 £24 95
KEF DN13 £4.95
KEF DN12 £7.25
Lowther PM & £39.95
Lowther PM& MKI £42.95
Lowther PM7 £78.95
Peerless DT10HFC £9.50
Peerless KO10DT £8.25
Peerless KOAOMRF £10.50
Radford BD25 Il £26.95
Radford MD9 £14.50
Radford MD6 £17.95
Radford FN8/FN831 £19.95
Richard Allan CG8T £8.95
Richard Allan CG12T Super £19.50
Richard Allan HP88B £13.50
Richard Allan LPBB £9.25
Richard Allan HP 1 2B £21.50
Richard Alian DT20 £6.25
Richard Allan DT30 £6.95
Tannoy HPD 295A £83.00
Tannoy HPD 315A £93.00
Tannoy HPD 385A £110.00

SWIFT

OF WILMISLOW
The firm for Hi-Fi
5Swan Street,
Wilmslow.| Cheshire.

PA GROUP &
DISCOUNITS

Baker Group 25

Baker Group 35

Baker Group 50/ 12
Baker Group 50/ 15
Baker Auditorium 12*'
Baker Auditorium 15°¢

Celestion G12M
Ceiestion G12H
Celestion G15C
Celestion G18C .
Celestion G12/50 2244/5
Celestion G12/50 2235/6
Celestion G12/502238/9
Celestion G12/502241/2

Celestion Powercell 12''/100
Celestion Powercell 15'/100
Celestion Powercell 15''/125

Fane Pop 33T

Fane Pop 50

Fane Pop 55

Fane Pop 60

Fane Pop 70

Fane Pop 100

Fane Guitar 80L

Fane Guitar 80B

Fane Disco 80

Fane PABO

Fane Bass 85

Fane Crescendo 12A
Fane Crescendo 128
Fane Crescendo 15/ 100
Fane Crescendo 15/125
Fane Crescendo 18

Fane 920 Il Horn

Fane HPX1/HPX2

Fane PH50

Goodmans 8PA
Goodmans 10P
Goodmans 12P
Goodmans 12PD
Goodmans 12PG
Goodmans 15P
Goodmans 18P
Goodmans 50HX

Motorola Piezo Horn

Richard Allan HD8T
Richard Allan HD 10T
Richard Allan HD12T
Richard Aitan HD15
Richard Allan HD 15T

£13.00
£14.50
£21.00
£25.75
£21.00
£25.75

£12.95
£16.95
£27.95
£39.95
£21.95
£19.95
£20.50
£21.50
£43.95
£46.95
£49.95

£10.95
£12.50
£16.95
£19.95
£21.95
£35.95
£19.75
£19.95
£21.50
£19.50
£29.95
£42.95
£44.95
£54.95
£64.95
£75.95
£45.95

£2.50

£7.50

£3.95
£6.95
£16.95
18.95
18.25
£24.00
£39.95
£18.95

£8.50

£12.95
£13.25
£18.75
£29.95
£30.50

¥
WILMSLOW(‘.
AUDIO

KITS FORMAGAZINE DESIGNS etc.

Kits include drive units, crossovers,
BAF /Long fibre wool. etc for pair of

SPEAKER \
KITS

Prices per pair. Carriage £2.50.

speakers. Carriage £3.50 Dalesford System 1 £51.50
Datesford System 2 £53.75
Dalesford System 3 £99.75
Dalesford System 4 £106.00
. : N Dalesford System 5 £131.00
P'a(‘;f;érs)’*‘f' & Audio PROS-TL | Dalesford System 6 £91.00
Felt panels for PROY-TL Eagle SK210 £13.90
£5.50 +£1 50 p&p | fagle SK215 £23.50
Eagle SK320 £33.50
Eagle SK325 £51.00
Hifi Answers Monitor (Rogers) £129 Eagle SK335 £65.90
Hifi News State of the Art {Atkinson) Goodmans DIN20 £31.50
£161 | Goodmans Mezzo Twinkit  £51.95
Hifi News No Compromise (Frisby)
£126 Lowther PM6 Kit £81.75
Lowther PM6B MK Kit £86.95
Popular Hifi Mini Monitor {Colloms) Peerless 1060 £61.50
£63 Peerless 1070 £109.90
Peerless 1120 £123.00
Peerless 2050 £43.95
Practical Hifi & Audio Monitor (G|I1es.)9 Peerless 2060 £58.50
£11
Practical Hifi & Audio Triangle (Giles) Radford Studio 30 £154.00
£76 | Radford Monitor 270 £208.00
Radford Studio 270 £275.00
Hifi News Tabor (Jones) = £57.75 gf’cdr:;’r'g fﬁ:i";xﬁo Eggg‘gg
Hifi News Tabor {with H4 bass umEt(s.;)5 Richard Allan Triple 8 £45.50
Richard Allan Triple 12 £55.90
Richard Allan Super Triple  £65.90
g Richard Allan RAB £42.75
Wireless World Booksheit (W:llég\;.?sn()) Richard Allan RAB2 £67.75
Wireless World T L./ KEF (Bailey) £112 | Richard Allan RAB2L £78.50
Wireless i
ireless World T.L. /Radford (Bizﬂfg:)l Seas Mini €21.95
Seas 203 £35.50
Seas 302 £43.90
Seas 303 £73.90
Send 3 x 7p stamps for reprints / Seas 503 £111.90
construction details of any of above
designs Wharfedale Denton 2XP £26.95
Wharfedale Linton 3XP £41.95
Wharfedale Glendate 3XP £56.95
CARRIAGE & INSURANCE Everything 1n  stock for the
Tweeters/Crossovers  40p each speaker constructor!
Speakers up to 10"’ 75p each BAF, long fibre wool. foam
Speakers 12 £1.25 each crossovers, felt panels.
Speakers 15"/ £2.00 each components, etc
Speakers 18" £2.95 cach Large selection of grille fabrics
Speaker Kits £2.50 pair (Send 15p stamps for samples)
Mag. design kits £3.50 pair (Prices correct at 3/11/77)

Send 15p stamp for free 38 page
catalogue ‘Choosing a Speaker"

Telephone: Speakers, Mail Order and Export:
Wilmslow 29599 Hi-Fi: Wilmslow 26213

Lightning service on telephoned credit card orders! j

7

A\

The firm for Speakers

WILMSLOW|
RUNIO

J

Swan Works, Bank Square,
Wilmsiow, Cheshire.
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The C15/15 is a unique Power Amplifier providing Stereo 15 watts per channel or 30 watts Mono and can be used with any car
radio /tape unit. Itis simply wired in series with the existing speaker leads and in conjunction with our speakers S15 produces a system
of incredible performance

A novel feature is that the amplifier is automatically switched on or off by sensing the power line of the radio/ tape unit hence alleviating
the need for an on/off switch

The amplifier is sealed into an integral heatsink and is terminated by screw connectors making installation a very easy process

The S15 has been specially designed for car use and produces performance equal to domestic speakers yet retaining high power
handling and compact size.

C15/15 Dataon S15

15 Watts per channel into 4Q 6'' Diameter

Distortion 0.2% at 1KHz at 15 watts 5% Air Suspension

Frequency response 50Hz - 30KHz 2" Active Tweeter

Input Impedance 8() nominal 200z Ceramic magnet

Input sensitivity 2 volts R.M.S. for 15 watts output 15 Watts R M S handling

Power line 10 - 18 volts 50 HZ - 15KHz frequency response
Open and Short circuit protection 4() Impedance

Thermal protection

Size 4 X 4 X 1.inches

C15/15 Price £17 74 + £2.21 VAT P & P free S15 Price perpair £17.74 + £2.21 VAT P & P free

TWO YEARS GUARANTEE ON AlLL OF OUR PRODUCTS

|.L.P. Electronics Ltd Please Supply
Total Purchase Prnice

Crossland House I Enclose Cheque Postal Orders Money Order
Nackington, Canterbury Please debit my Access account Barclaycard account

Kent CT4 7AD Account number

Name & Addiess

Tel (0227) 63218 Signature

WW—031 FOR FURTHER DETAILS
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Communications 78

Communications Equipment and Systems

National Exhibition Centre, Birmingham, England.
Tuesday 4-Friday 7 April 1978

You are invited to
Communications 78

Communications 78 is the world’s leading exposition
for selling communications equipment and systems,
providing an international focal point for the latest
technological advances in the fields of PTT tele-
communications, fixéd and mobile radio communi-
cations and defence communications.

Active backing

Trebled in size since the last event in 1976,
Communications 78 is being supported by more
than 200 international exhibitors and has the active
backing of the International Telecommunication
Union (ITU), representing the interests of 153
governments; the British government through the
Ministry of Defence, the Home Office and the
British Overseas Trade Board; Post Office Tele-
communications; the Electronic Engineering
Association (EER) and the Telecommunication
Engineering and Manufacturing Association
(TEMA).

Integral conference

The integral conference is being organised by
The Institution of Electrical Engineers (IEE) in
association with the Institution of Electronic and
Radio Engineers (IERE), the UKRI section of the
Institute of Electrical and Electronics Engineers
(IEEE) and the IEEE Communications Society.
Communications 78 is being held for the first time
at the National Exhibition Centre, Birmingham-
the UK’s premier exhibition complex-from Tuesday
‘4 Rpril to Friday 7 April 1978. The exhibition will
beopen daily from 09.30-18.00 hrs. (17.00 hrs. on
last day).

Admission to the exhibition is free to bona fide
users and specifiers of communications equipment
and systems. The coupon below may be presented
as an admission ticket to Communications 78 or,

if you require more detailed information, please
complete and send it to: Tony Davies Communi-
cations, c/o Industrial and Trade Fairs Ltd.,
Radcliffe House, Blenheim Court, Solihull,

West Midlands B91 2BG, England.

I

Please send me details of

lip)

the exposition [
the conference [

_—
—

s
"
—

Name

Position

Company

Address
40
TR T AT T T e e R

DRAKE’'S SUPERB
TRANSCEIVER TR-4CW

S.A.E. for details please.

AS WELL AS DRAKE EQUIPMENT, WE ARE THE DIRECT IMPORTERS OF HAL
RTTY AND MICROPROCESSORS, ATLAS, NYE MORSE KEYS, PRESTEL VHF /UHF
PROFESSIONAL FIELD STRENGTH METERS, HAM RADIO, CIR ASTRO 200,
HY-GAIN, CDR ROTORS, HUSTLER. OMEGA-T SYSTEMS. MFJ FILTERS AND
SPEECH PROCESSORS. SUPEREX WE ALSO STOCK SHURE MICROPHONES,
YAESU, MICROWAVE MODULES. SOLID STATE MODULES. ICOM, COPAL
CLOCKS. G-WHIPS, BANTEX. MOSLEY. DAIWA. ASAHI, JAYBEAM, DECCA AND
THE USUAL ACCESSORIES-—COAX. CONNECTORS. INSULATORS. VALVES. Etc
SEND FOR A COPY OF OUR PRICE LIST (Stamps please)

We are situated just around the corner from West Hampstead Underground Station
(Bakerloo line} A few minutes walk away is West Hampstead Midland Region station
and West End Lane on the Broad Street Line We are on the following Bus Routes
28, 59, 1538 Hours of opening are 9-5 Monday to Friday Closed for Lunch 1-2
Saturday we are open 9-12 30 only World wide exports

DRAKE » SALES » SERVICE

RADIO SHACK LTD.

188 BROADHURST GARDENS, LONDON NW6 3AY
Giro Account No. 588 7151. Telephone: 01-624 7174. Cabies: Radio Shack,
London, N.W.6. Teiex: 23718 !

— —
WW—043 FOR FURTHER DETAILS

Lion house =

You can now purchase this fantastic HiFi system complete for only
£147 95 at what must be afraction of it s value today.

System consists of: - the famous MATSI TFS60 Tuner/AMP; a really
top quality receiver from one of Japan's leading manufacturers,

15 watts per channel FM/MW/LW, two NAD 6 speakers fitted with AR
units and a Goldring belt-drive turntable with magnetic cartridge
complete with an attractive plinth & cover of ultra modern design.
Leads etc supplied free.

LION PRICE: Complete MATSI System £147.95

or purchased individually:

TF60 Receiver: £69.90. NAD6 Twin Speakers £55.
Goldring Turntable (cartridge Plinth & Cover) £29.95.

Leading supphiers of TELEVISIONS, RADIOS. TAPE RECORDERS. BUDGET H! FI.CASSETTE
RECORDERS. SPEAKERS, AMPLIFIERS, TUNER/AMPS , VIDEO and MUSIC CENTRES and
ACCESSORIES. EXPORT TELEVISIONS and MUSICAL INSTRUMENTS ALL AT KEEN PRICES.

o 4 €

£ Lion Aouse s
7 D

N -.7’ ‘ X Statmist < fur the worlds mayor HiFumanutacturers

e
[ gay ‘.,"'
\‘ “ K LONDON S HIFESUPERS TORE
7 Q) “-‘u)x 227 TOTTENHAM COURT ROAD LONDON W
N Tel 0} 580 7383 and 01 637 160!
Telex 28394 LIONG
fan ne Open 9 am to b pm Monday to Saturday (Thursday until 7 pm)

oy e s = e D

WW—026 FOR FURTHER DETAILS
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QD MIE5EENETE Instrument Y] WEST HYDE _FWil]

All dimensions are WidihxHeighl x Deplh
PRICES 1 oftinc. P &P but not VAT

Mooammuu ing chassis 4.5%10% 6.5 11.34

301 7x3 709 | 0 9 x3x 695 9.72

302 Tx4%x5% 7.39 | E 9 » 7x 69 10.890

303 7x6 x5% 859 | F 9 x10x 65 12.80

304 11x3 x5 785 | G 13 x 365 10.78

305 11x4%x5 919 | H 13 x /x 65 12.36

306 11x6 x5% 10.99 13 x10x 65 14.51

18 x 3x 65" 13.82 =
Offer instrument manufacturers low-cost cases ex-stock Blue PVC coated (;ONT'L T%XTURED s6s | K 18 x 7565 18,17 Mod-2 cases over 24 sizes. Front and back panels grey PVC. Aluminium
steel strength and ngidity PVC aluminum grey front and rear panels are gg3 8:7:8 1030 | - ‘25“?}"]?5 20.00 chassis included. Packed flat. Quter casing biue PVC steel or up 10 size L
removable PCB and PSU mounting sysfem availabie Also avadable 1n 975 9x5x7’ 10.30 x' 4'5: 7:13 10. 57 also available in wood-grain and biack
black 1277 12xIx? 11.86 | o 3500:13 UL
- 1277 unpanted  8.83 [ O 313 1383

16127 16x7x12°  16.36 | 9 T3 :;-::

191010 19x10%10° 2283 & 9 A10x13 1298

ELF CASES Grey finc chassisl 8 © odig 13.28

Eif Gxaxd T o g 15.27

Bare EIf lless 1, ch, pnl) 2 |5 U 13 x10x13 17.92

Giant EIf 8x5/x5 s50[ v 18 x 33 16.77

Long EIf 9x4x3 350 1‘8 *17"3 19.6a

Jumho ENf 10%x5ux5% | X 18 x10x13 28110

' B Mod-2 in Woouaiain o1 Black
A range ol eyebrow cases in blue textured acrylic Front panels normally ?Aoﬁglf:cshiils] finish in sizes A-L & N § These tough little cases add very Iittle to the cost of a j0b
white zintec or PVC/aluminium also availlable unpainted un to 1277 s1z¢ A 4.6x 3x 6.5 9.05 aluminium with protective cuat EH cases are avaslable (n 4 sizes, ali dough
Aluminium panels extra. B  45x 7x 65 8.70 inoulded n grey giass poiyester, alt panels. feet and chassis inciuded

All West Hyde cases are avaiiable with substantiaf discounts for guanuties Most cases have discounts at 50t and 25 off with discounts up fo 257 at 10U otf. Prices inciude P & P and are less 10% ) collected. on first two price breaks on cases only

BUY A CASE FROM A SMALL RANGE, YOU GET A CASE-BUY A CASE FROM A BIG RANGE, YOU GET A SOLUTION

' Instrument cases
BRIGHTCASE MARK 11 SAMOS
BC212 {3%" Full Rack) 23.01| 51 100x 50x50mm 1.36
BC222 (3% Hall Rack) 16.63|52  100x100x50mm 1.56
BC312 {5%" Full Rack) 25,24|S 100x 150x50mir 1.74
BC322 (5% Hall Rack) 18.61/54  125x 50x75mm  1.96
Rack Brackets available S5 125x100x7omm  2.24
S6 1251500 76mm. 263
|7 125x200x75mm 2,92 :
A prestige anodised case, black PVC steel top and bottom which can be MINOS S Miniature instrument cases 1n blue and white PVC steel. Assemble «n the
supplied touvied at 1o extra cost Free standing or rack mounting, avatabie mg \83:1(;8:23:::1. ‘04 ”BEXAXIVSDUTV CASE 6.3 ‘ower half. chipan feet. 2 screws allow the cover to hinge off cases. 2 more
inrack or halt width assembted in special polystyrene pack for safe postage M2 Bare .48 | 10:10x7" 22,95 1o tix, PC feet are available to hold up 10 4 PC boards horizontally in case
M3 Bare .56 [12x10x7 25.95

OVER 400 DIFFERENT
CASES IN STOCK—SIZE BANGE

OVER 5000:1 IN VOLUME

Prices correct October 1977

Send for catalogue

'DEVELOPMENTS LIMITED
Ryefield Crgs., Northwood Hills, Northwood, Middx., HAG SNN
Teléphone: Northwood 24841/26732/210! 5
lox: 923231 West Hyde Nthwd.

Available 1 3 s:izes Heawly constructed 1n zintec steel. welded corners
with heavy hinges 2 screw fixings and loam around the door In the base
2 )5 a gtand plate with gaskel and a chassis with screws provided

Smart numature ABS cases n tough rigid high gloss black. Front panels
either alt or PVC stee! Buwiton siots for PC cards, dividers etc Chasuis ar
"C boards can be supported on P’ chps frominternal pillars

_ WE ARE MOVING AT END OF JAN. TO OUR NEW FACTORY
/‘“-ﬂs at Unit 9, Park St. Ind. Est.,
N\OD AYLESBURY, Bucks. Tel. 20341

for
le agents NUOVA Soecty Cotour G - Grey,
OW sO obster fled, W - White
aren b
piax| 27
%, A wide range of small and miniature cases in | Extermar | oo [::;";;’;1—
% A.B.S. suut.able for anything from @gl'@l clocks |[EkD [1emsenise || 2meid | j2om 2
R Hes V.. Sea Green to audio consoles. Low cost with discounts

Pk—,{'{,’; - E‘;; for quantity. MIODULOS can be used ”
v o8 |on for encapsulation and come with Qs \
Bt g';;|g'g . P.C. boards. NUOVA have a clear ) §
osifoiss| | o] " front panel. The very popular DESKO
wiisliel e TEKO are very widely used in both ) WP

production and amateur use. ALBA are cases
with grills top and bottom, for speakers

2

[ Texo lSpechcolow G- Gr
ALBA

Al L beter Req |

- Or ventilation. ot T 1o [ w0
Tex a1 x[ 315 [268 | 236 |

TEK A12X| 340 (289 | 255

[TEK A22 X | 3.60 306 27

i TEK A23X | 385 | 327 | 289

Tex A33x [ 410 | 348 | 307

Panel TEKO

088 | 0 5! 0 Sl

Al Plastic_
[ 60x50x30 | TEKP1A | TEKP1P
105x65x40 | TEKP2A | TEKP2P | 1.01 l 0.86 078]
155x90x50 | TEKP3A | TEKP3P | 149 l 127 | 112
&JIV25170 | TEKP4A | TEKP4P | 248 | 211

[ minimuM ORDER £2.00 |

WEST HYDE DEVELOPMENTS LTD., RYEFIELD CRESCENT, NORTHWOOD HILLS, NORTHWOOD, MIDDLESEX HA6 INN. Phone: Northwood 24941, 26732, 27051
WW—074 FOR FURTHER DETAILS
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TRIACS

CARBON POTENTIOMETERS

SINGLE GANG wiih wire end termindions Bmm « 50mm

stic shaft 10mm bushe

supphed with

WIRELESS WORLD. JANUARY 1978

EMICONDUCTORS - COMPONENTS

LINEAR PAKS

SHOP
AT

www americanradiohistorv com

2 Amp TOS Case 10 Amp. T0O48 Case shake-proo! washer and nut Tolerance 220  of resistance ?ﬂanu!aulmevds FaFH Outs mec"mmcmde
Voits No Pri Voits No Price unchonal and part Funcuonal Units ese are
100 TR12A/100 €031 00  TR110A 100" £0.77 LINEAR TRACK LOG TRACK classed as ourof-spec from the maker s very
200 TR12A/200 €0.51 200 TR110A/200 €0.92 Value No. Price Value No. Price ngid specifications  but are ideal for iearning
400 TR124°400 £0.71 400  TR110A 400 €¥.12 § 1K 1831 '€0.22 axk7 1842 £0.22 about I'C s and expenmental work
e 832 h£0z22 10K 1843 €0.22 U721 30 ASSORTED LINEAR TYPES
& Am) TO66 Case 10 Am Tozzo Case oy . 22K 1844 ‘€0.22 709.741-747 748.710-588 Erc
Volis ™ No Price § yoe Price ;‘23: :g;‘g tg;g a7K 1845 €0.22 ORDER No 16227 Price "€1.50
100 triea 100 €051 b LGF raii0m 4000 €113 2K 1836 €022 | 190K U3eq €022 | 765D FM STEREO DECODER
200 JNTRI6 A2 00 RRE 0 61 3 o 220K 847 £0.22 IC 576110 Eqv 10 MC1310P-MA767
1R164 /400 £0.77 DIACS 100K 1837 £0.22 . 51C qv to MC A Data
400 164 b BR100 £0.23 032€0.23 | 250k iy o2 470K 1848 '€0.22 supplied with pak
7 “f0 M 1849 €0.22 ORDER No 16229 Price '€£1.50
Fas 829 €0.22 | oy, 1850 €0.22
M 1840 ‘€£0.22 U76A AUDIO POWER OUTPUT AMPLI-
2m2 1841 ‘€0.22 FIERS
8 Assorted types SLI023 76013 76003 Etc
SUPER UNTESTED PAKS
DUAL GANG. These tugh-quabty pots are hiied with wire end terminatio 6mim x bOmm plastic shah ORDER No 16228 Price ‘£1.00
PAK Order No. Price Omm bushes supplied with shiakeproot washer and nut Track 1olerance £ 20 but maiched fo within
us 1 u Germ Gold nonged OAd 7 diode 16130  £0.60 dB o1 each other
U51 150 Germ OA70/81 diode 16131 £0.60
U52 100 Silicon Diodes 200mA 0A200 5132 £0.60 LINEAR TRACK LOG TRACK 74 SERIES PAKS
U53 150 diodes 75mA 1N4148 16133 £0.60 | y,ue No. price | Value No. Prica
u54 50 Si Rect Top Hat 750mA 16134 £D.60 aK7 185" ‘£0.68 4K7 1860 ‘£0.68 Manutacturer s Fall Quts which include
53] 20 IRecS1GdvpeliiAmD 16135 £0.60 10K 1852 ‘€£0.68 0K 1861 '£0.68 Functonal and part-Functional Units These are
USE 50 400mW Zeners D07 Case 16136 €0.60 | 55 1853 ‘€068 | 22K 1862 €0.68 § classedas out-ol-spec from the maker s very ngid
L ST OIN BN 1B IO/ Bl hiastc 16137 €0.60° | 47¢ 1854 '€0.68 | 47K 1863 €0.68 | speciticaons but are «deal for learning about
us8 go PNP Tvav;s BC 16797 v278 Plasu 16138 £0.60 100K 1855 £0.68 100K 1864 €0.68 1 BerC GO et
g : 2:;‘ T°‘9§“ 9 AR :6:39 £0.80 220K 1856 '€0.68 220K 1865 £0.68 740 100 Gates assorted 7400-01-04.10 50 60
UBD 25 1059 2N2905 silicon 6140 £0.60 270K 857 £0.68 ok 1866 oies e
U61  30NPN TO18 2N706 siicon 16141 £0.60 M 1858 €068 ™ 1867 €068 | Sar =5 Flip-Flops assg”ed
ug2 25 NPN BFYS0 51 16142  £0.60 2M2 1859 ‘£0.68 2M 1868 £0.68 7470.72 73.74.76.104.109 Exc
UB3 30 NPN Plasic 2N3906 silicon 16142 £0.60 B e e 0
U64 30 PNP Plastuc 2N3905 siicon 16144  £0.60 der No . N
UB5 20 Germ 0071 PNP 16145 £€0.60 74M 20 MS| Assorted Types 744147 go |54
U686 15 Plastic Power 2N3055 NPN 16146 £1.20 SINGLE GANG S.WIYCHED fitted with double p?Ie on-ott switches The swiich action 15 incorporated Eic Qrder No 16226 20
U7 10 702 Metal 2N2055 NPN 16147  £1.20 within the rotary action of the pot Switch rating 1 5 amps at 250V AC
UBB 20 Unijunction trans JIS33 16148  £0.60
U69 10 1amp SCR TO39 16149 £1.20 LINEAR TRACK LOG TRACK
U70 83 amp SCR TO66 case 16150  €1.20 Value No Price .
- Value No. Price
K7 1870 cosas | uix 1879 “€0.48 VEROBOARD PAKS
Code No s mentoned above are given as a guide 1o the type of device in 10K 871 ‘€048 10K 1880 "£0.48 /B1 Approx 30 sq ins varous sizes all 1
the pak The devices themselves are normally unmarked 22K 187 ‘€0.48 2K 1881 ‘£0.48 matrix Order No 16199 £0.60
47K 1873 "£0.48 7K 1882 '£0.48 VB2 Appron 30 sq ns varous sizes 15
100K 1874 €0.48 100K 1883 €0.48 § maiix Order No 16200 £0.60
220K 1875 £0.48 220K 1884 ‘£0.48
470K 1876 £0.48 470K 1885 £0.48
COMPONENT PACKS o 1878 tods | om 1867 €048
2M2 1878 £0 48 M2 1887 €0.48 ELECTROLYTIC PAKS
Pack
- A range of paks each contaimng 18 first qualny
No. Qry. Order No. Price
N mized value miniature electrolytics
O Y VEROBOARDS pusd e moauredesionies " ra
% 16 C""“gh' ol ® 16164 "€0.60 Order No 16201 "€0.60
G apacitors mixed value approx (Count 1OmF 1
by weight 6165 °£0.60 DRILLED COPPER P.C.B. GE8 Yeroes fom Uimio 19 1 _gg‘;(;)
c3 50 Precision resistors Mixed values 16166 "£0.60 1 Pitch 18 Pitch EC3 Values lrom 100mFD 10 680mFO
[oF ] 80 sth W Resistors mixed preferred o Size No. Price s,u No. Price Order No 16203 "€0.60
. values LGNS/ g 0760 25 x5 2201 £0.46 29 ] 2209 €1.13
cs 5 Pieces assorted ferrie rods 16168 '£0.60 25 %378 2202 £0.39 5 2210 £0.42
C6 2 Tuning gangs MW TW VHF 16169 "€£0.60 28 %17 2502 €142 & o8 o €031
c7 1 Pack wire 50 metres assorted colour 278 ‘l 5 2204 £0.52 i“,r R ,775 2212 £1.51 0280 CAPA(:'TUR PAK
single strand 16170 €0.60 | 375 1375 320 €046 § 375 « i g0 75 Mullard C280 capaciiors mixed
CORNL O tceobniches 1817, Loso § 375 k17 2206 €182 § 375 1375 214 €04z J volues canging fom O1uf 1
Cg Micro switches 16172 "€£0.6 478 179 2207 £€2.34 1 < of | 2216 £0.52 uF campiete with identfication i
€10 15 Assoned pots 16173 €060 § 55,0 (pockloline) 3708l coia7llB pacticibyel sheet Order No 16204 €1.20
[ 3] 5 Meal jack sockets 3 » 3 5mm 2
standard swiich types 16174 '£0.60
€12 20 Paper condensers preferred types cARBON RESISTOR PAKS
<ed val 16175 °'£0.60 DRILLED PLAIN P.C.B.
C13 20 Elr:clue;y\;.aysjensans 1ypes 1617, *€0.60 These paks contan a range of Carbon Resistors.
Cia 1 Pack assorted haidware Nuts .1 Pitch . 15 Pirch . assorted into the tollowing groups
bolts grommets et 16177 "£0.60 ';“}'1705 N .. No cpa'i1“ 5"" N o Price Rl 60 mixed vaw '0Gonms B20ohms
C15 5 Mans shde switches ass 16178 €060 | 170 x0T 2 S J 885 E 0K, B Ihn Order No 16213 “£0.60
C16 20 Assorted tag sinps and pane's 65179 £0.60 : 5 e ng SELT Lt oTod R2 60 mised “w 'Konms 8 2Kohms
€17 15 Assoried control knabs 16180 £0.60 B nde 9 €0.4 o8 o3 m el FoTs3 Order No 16214 "£0.60
c18 4 Rotary wave change swiiches 6181 °£0 60 a5 ¢ sy R3 60 mised 'sw 'UKonms B2Konhms
c19 2 Relays 6 — 24V operating 16182 "£0.60 VERO SPOT-FACE CUTTER 2 feam - ) Order No 16215 *€0.60
c20 Pak copper lammate approa 200 sq Ordec No 2231 Price €0.68 R4 60 mixed ow U\(; wx'\inn]wg—;séogézgrsu;
[ 16183 €0.60 e :
c2 15 Assorted fuses 100mA-5 amp 16184 €£0.60 : 3 RS 40 mixed Yyw )00ohms 8200nms
€22 50 Metres PVC sieeving assorted size and A AN Order No 16217 "£0.60
colour 16185  £0.60 196 AF-RF Reactance — Frequency Chan Im R6 40 mised “aw tkohms 8 2Kohms
c2z 60 V2 wait resistors mixed preferred values . y Constructors Order No 16218 '€0.60
16188  '€0.60 BOOK OFFER 202 Handbook of Integrated Cirtuits (le) R7 40 mi«ed ’ YKohms B2Kohms
C24 25 Presets assonéd type and value 6186 'co'so Equivalents and Substitutes Oider No 16279 "€0.60
€25 30 Metres siranded wire assorted €olours 16187 £0 60" Purchase books to the vaiue of £5.00 from 205 Fiest Book of Hi-Fy Loudsneaker R8 40 mixed Ysw 10i'nohms 820Kohms
) the list below and choosa any 60p pak from Enclosures 60 Order No 16220 °£0.60
this page FREE. 213 Etectronic Circuits for Model Raiiways RY9 60 mixed “»w } Meg 10Megohms
8sp Order No 16230 "£0.60
BP2 ;‘fa"‘::’?"‘ °'TS;‘:'§ VTEKN&E"““’V“;‘E';‘TS & 214 Audio Enthusiasts Handbook 85p R10 40 mixed sw 1 Meg )OMegohms
s nsmiting RERLCAD, 216 Electromic Gadgets and Games 85p Ocder No 16271 '€0.60
s LI D E R PA K B8P3 tiandbook of Tested Transistor Circusts ZUZa=ctdlsatelfarre Suppyliiandbook 85p
a0
Back L 219 State Novelty P 85
No. Qry. Order No. Price BP6 $ng‘mee:s and Machimists Reference 220 ggug V‘g‘uer g:vi'YSulr%eg‘(sale HiFr an: Wo R L D s c o o P!
ables [
Audio Accessories 85p JUMBO
& Shder potentiometers mixed values 16190 "€£0.60 8p7 g:gu'a&EleclromcCo\oquodesand D;(a 222 Solid State Short Wave Recewers for
2 6 Suder potenuometers all 470 onms 6191 "£0.60 BP0 teen Crvstal and Transistor Ser Beginners 5p SEMICONDUCTOR PACK
) 6 Shder potc i 10k tin 16192 '€0.60 Crcuns for Beginners 35 223 50 Projects Using IC CA3130 95p Trangistors - Germ and Siicon Rectihers Oiodes
4 & Shdet potentiometers all 22k lin 16192 "€£0.60 BP14  Second Book of Transistor Equivalents 224 50 CMOS iC Projects 95 fnacs Thynstors s and Zeners ALL NEW
& 6 Shder potentiometers all 47k Iin 16194 °£0.60 95p 225 A Practeal Introduction ta Digitai IC s AND CODED Approx 100 Peces Ottenng ihe
6 6 Sider potentiometers. all 4 7k log 16195  '£0.60 BP15 Construttors Manual of Electrame 95p amateur a fantastw bargan PAK ané’ an
Cucunts for the Home s0p 226 How 10 Build Advanced Short.Wave enormous saving ldenufication and data sheet
8P16 Handbook of Elecironic Circuits for the e Sece"veré N ‘i 1.20 every pak
Amateur Photographer 60p G0 (IR (ST (AT (L T OROER NO 16222 £2.2%
10
c E RAM Ic PAKS 8P18 Boys and Beginners Book of Practcal
Radio & Electronics 60p
C 1 ceramic BP22 79 Eleciromce Novelty Circunts 75p
Contaiming a range ol hrst qual ity smniaiure ceram apaciiors
Unrepeaiable value BP23 Fust Book of Pracucal Electronic Pm,g,csv; Just a selection from
- . Order No. Price § gp2a 52 projects Using (0741 (or equivalents) our huge stocks! P&P
c1 2 ™IC capaciturs 75, .
”df 22pt 27pt 330 39pt 47pt BBpt W TR BP26 Radio Antenna Handbook for Long S E E 0 U R
o UEL o Distance Recepuion and Transmission
MEZ Sae " ol 12001 1sopr 180 85 1977 CATALOGUE
ralie o0 Aol P BP27 Giant Chart of Radio Electronic
220pt 330pt & 90pt 2/0pt 16161 £0.60 T ot s Lo Symba 80p 126 pages packed with
MC Mure ce: ZLAl ! e BP29  Major Soid State Audio Hi-Fi Construc valuable information .
value 470pt 5b P ton Projects 85p N
1000p! 1500p! 2200pt & 2300 16162 '€0.60 BP23  How 10 Build Your Own Metal & Treasure ORDER NOW Postage and Packing add 25p unless
MCa 74 minature ceram apa..xmbs azeoacn Locators 8Sp 0 NLY 50 3(hewwse‘ ’\sAymwn Adg e;:rgolov
alue 470pt 560 680pt pt BP34 Pracucal Repar & Renovaton of Colour arrman mnimum order
18060 1500pt 22 o’ér & 3300p! 16163 "€£0.60 el Repaw on Iz 1 p
BP35 Handbook of IC Audio Preampiitier & plus 15p p&p
Power Amplifier Construction 95p
BP36 50 Circuits Using Germanwum. Silicon
and Zener Diodes 75p
V A T BP37 50 Proecis Using Reiays. SCR'S and
ORDERING A.T.
5 BP39 50 (FET) Field Effect Transistor Projects 1 .
P, Add 12%% to prices £1.25
lease word your orders arked- Add B% to | 129  Unwersal Gram-motor Speed Indicator
exactly as prinied not jmarke ] ° 8p
forgetting to include our § Others excepting those | 160 Coil Design and Construcuion Manuai
part number marked  these are Zero 161 Radio. TV and Electronics Data Book DEPT. WW1, P.O. BOX 6, WARE, HERTS.

18 BALDOCK ST.. WARE, HERTS
OPEN 9 to 5 30 Mon -Sat.
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High quality

other audio equipment.

89

modules for stereo, mono and

PUSH-BUTTON

= STERED

3

OUR PRICE ONLY.

£20.56

The 450 Tuner provides instant program selection at the touch
of a button ensuring accurate tuning of 4 pre-selected stations,
any of which may be altered as often as you choose, by simply
‘changing the settings of the pre-set controls

Used with your existing aud o equipment or with the BI-KITS
STEREO 30 or the MK60 Kit etc Alternatively the PS12 can
be used it no suitable supply is available, together with the
Transformer T538.

The S$450 is supplied fully built, tested and aligned The unitis
easily installed using the simple instructions supplied

* FET Input Stage

* VARI-CAP diode tuning
* Switched AFC

* Multi turn pre-sets

* LED Stereo Indicator

Typical Specification:
Sensitivity 3). volts
Stereo separation 30db

90 Ma max.

FM TUNER

Fitted with Phase Lock-loop Decoder

Supply required 20-30v at

MPA
30

Enjoy the quality of a magnetic cartridge with
your existing ceramic equipment using the new
M.P.A 30, a high quality pre-amplifier enabling
magnetic cartridges to'be used where facilities
exist for the use of ceramic cartrndges only

It 1s provided with a standard DIN £2 %

input socket for ease of connection
A

Fult instructions supplied

POSTAGE &

STEREO PRE-AMPLIFIER

OUR PRIGE

£13.75

output 1d8 from 20Hz to 20KH

TEAK 60 AUDIO KIT:

Comprising  Teak veneered cabinet
size 16%''x11%''x3% " other
parts include aluminium chassis
heatsink and front panel
bracket plus back panel
and appropriate sock

ect. KIT PRICE £13.25
plus 85p
postage

amps, cassette and cartnid
available comprising a PS1

/ g

e

SPECIFICATION

@ Output Power 10w.
AMS.

/

@ Load Impedance 8 to
Gohms.

@ Sensitivity 90my for full

@ Dimensions 90 x 64 x 27mm

The AL30A 1s a high quality audio amplifier module
replacing our AL20 & 30. The versatility of its design
makes 1t 1deal for record players. tape recorders. stereo

e players A power supply s
together with a transformer

T538. also for stereo, the pre-amp PA12
@ Supply 22 to 32 volis.
@ Input impedance 50K,

@ Total Harmonic Distortion

,‘ outpul. Less than .5% [Typically
3%
@ Frequency Response @ Max. Heat Sink
60Hz to 25KHx - 2db. 80 c.

PACKING

Postage & Packing add
25p unless otherwise
shown. Add extra for
airmail. Min. £1.00

Frequency Response 1dB 20Hz
A top quality stereo pre-amplifier 20KHz Sensitvity of inputs
and tone control umit. The six ; ;E;;()jeer\p:l 1?331\/\'/"[0 UORCES /
push-button selector switch pro- 100’2 o:mesr mV into GOMPLETE AUDIO
vides a choice of inputs together 3 MagneticP U 3mV into /N EW CHASSIS @
with two really effective filtars for 50K ohms \t’
high and low frequencies, plus tape P U Input equalises to R1AA urve W‘”\ 747 WATTS 3 =

R.M.S.

Suppt 20-35V at 20mA
MK. 60 AUDIO KIT: Comprising " oo _
2 x ALBO's. 1 x SPM80 1 x, Diuensions -
BTM80. 1 x PA100. 1 front panel 35mf:1m x 89mm P P&P45p
and knobs. 1 Kit of parts to include /
on/off switch, neon indicator, p 10w R'M's' AUDIO
stereo headphone sockets plus i
instructlonasbooklet. COMPLETE 7 AMPLIFIER MODULE
PRICE £35.00 plus 85p postage

P 9 The Stereo 30 comprises complete sterec

pre-amplifier. power amphfiers and power supply This,
with only the addition of a transformer or overwind wil
produce a high quality audio unit suitable for use with &
wide range of inputs 1.e. hugh quality ceramic pick-up
stereo tuner. stereo tape deck etc. Simple to install
capable of producing really first class results, this unitis
suppiied with full instructions. black front panel knobs,
main switch, fuse and fuse holder and universal
mounting brackets enabling it to be installed in a record
plinth, cabinets of your own construction or the cabine
available ldeal tor the beginner or the advanced

constiuctor who requires Hi-Fi performance with a
minimum of installation difficulty (can be instailed in 30
mins)

T
=0 TRANSFORMER £3.25 plus 50p p & p

NEW PA12 Stereo

25 Watts (RMS)

13mm.
Especially designed to a strict specihication Oniy the
finest components have been used and the latest
sohid-state circuitry ncorporated in this powerful littie
amplifier which should satisty the most critical A F
enthusiast

£4.35

* Max Heat Sink temp 90C. * Frequency response
20Hz to 100KHz * Distortion better than 0.1 at 1KHz *
Supply voltage 15-50v * Thermal Feedback =x Latest
Design Improvements * Load — 3,4,8, or 16 ohms *
Signal to noise ratio 80db * Overall size 63mm. 105mm.

Pre-Amplifier com-

TEAK CASE £5.45 plus 70pp & p
pletely redesigned
for use with

PAI2 ===

Modules. Features include on/off volume
Balance, Bass and Treble controls. Camoiete
with tape output.

£6.10

Power supply for AL30A,
PA12, SA450, etc.

‘Frequency nesponse 20Hz-20KHz
(—3dB). Bass and Treble range,
12dB. Input Impedence 1 meg ohm.
Input Sensitivity 300mV. Supply
requirements 24V 5mA. Size 152mm
x 84mm x 33mm.

PS12

Stabilised Power Supply Type SPM80

SPM80 is especially designed to power 2 of the AL60 Amplifiers.
up to 15 watts (R M S ) per channel simultaneous!y. With the
addition of the Mains Transformer BMT80, the unit will provide
outputs of up to 1.5A at 35V Size 63mm. 105mm. 30mm
Incorporating short circuit protection

Transformer BMT80

£5.40. + 86p postage s

SHoP 1

AT

Input voltage 15-20v A.C. Output voltage 22-30v D.C
Output current 800 mA Max. Size 60mm x 43mm x 26mm.
Transformer T538 £3.20

1-PAN

OUR PRICE:

£1.30

DEPT. WWI
P.0. BOX 6
WARE
HERTS.

8 BALDOCK ST., WARE, HERTS

OPEN 9to 5.30 Mon./Sat

www americanradiohistorv com
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For fast, competitive service, contact:
Bob Bowles, Eimac Division,
Varian AG, P. O. Box, 6300 Zug, Switzerland
Tel. 042 / 3166 55
Telex 78 789 or 78 841
Sales offices in:
Zug, Switzerland and
Paris, London, Munich, Torino,
Amsterdam, Brussels, Stockholm.

varian
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NEW COMPONENTS

Resistors 5% carbon E12 12 10 10M
YaW 1Vz2p. 1W 3p. Preset pots sub-
miniature 0. 1TW E3 100§2to 4M 7, vertical
9p, honzontal 9p. Potentiometers
0 25W E3 4K7 to 2M2 log or 1in. single
30p, dual 95p. Polystyrene capacitors
E12 63V 22pf to 8200pf 3 V2p. Ceramic
capacitors vert 50V E6 22pf to 4700pt
3p. Polyester capacitors 250V E6 .01
w 1mi §%2p, 15, .22 7p, .A7mf 11p.
Electrolytics 50V 47, 1, 2mf 5p. 25V
5, 10mf Sp. 16V 22, 47mf 6p. 100mf
7p. 220mf 9p. 470mf 11p. 1000mf
18p. Zener diodes 400mW E24 3V3 to
33v 8Vzp.

TV GAMES IN FULL COLOUR
Av-3-8500 £6.30. AY-3- <3
8550 £9.95. Black and 2y
white TV games kits®
Standard model £11.95.
Economy model £6.95.
Colour TV games kits
Standard model £19.45. Economy model
£14.95. Colour Generator kit, adds colour
© most black and white games £7.50.
Rifle kit £4.95. Send sae for giant. free
data leaflet

MAINS TRANSFORMERS

6-0-6V 100mA 94p. 9-0-9V 75mA 94p.
12-0-12V 50mA 94p. 0/ 12/ 15/ 20/
24 / 30V 1A £3.85.0/12/15/20/
24 / 30V 2A£5.15.6-0-6V 1%2A £2.75.
909V 1A £2.39. 12-0-12V 1A £2.69.
15.0-15V 1A £2.89. 30-0-30V 1A
£3.59.

BATTERY ELIMINATOR BARGAINS
3-WAY MODELS

Switched 6/ 7%z /9V 300mA £3.30.
100MA RADIO MODELS

With press-stud connectors, 9V £3.45.
6V £3.45. 9+9V £5.15. 42 +4%2V
£5.15. 6+ 6V £5.15.

150MA CASSETTE MODELS

7%V with 5 pin din plug £3.65.

FULLY STABILISED MODEL £6.40.
Switched 3/6/7%/9V 400mA

PRINTED CIRCUIT MATERIALS

50 sqins pcb 40p. 1tb FeC1 £1.05. Etch
resist pens: Economy type 45p. Dalo
type 83p. Small dnill bit 20p. Laminate
cutter 75p. Etching dish 68p.

S-DECS AND T-DECj*

$DeC £2.23. e
T-DeC £3.98. 7 ?

u-DeCA £3.97. /.: "%ié
wDeCB £6.67. 17+~
16l IC L TV
carriers £1.91. e -

7/

81-PAK AUDIO MODULES

S450 Tuner £21.95. AL60 £4.86.
PA100 £14.95. MK60 audio kit £36.45.
Stereo 30 £17.95. SPMB0 £3.75.
BMT80 £5.95.

BATTERY ELIMINATOR KITS
100mA radio types with press stud
battery terminals 4%v £2.10. 6V £2.10.
9V £2.10. 42V +4'2V £2.50. 6V +6V
£2.50. 9V+9V £2.50.

Stabilised 8-way types transistor stabil-
sedtogwelowhum3 /4% /6/7% /9
/12 715/ 18V 100mA model £3.20.
1 Amp model £6.40. .
Heavy duty 13-waytypes 42 / 6/ 7 /
8% /11 /13/714/17/21/25/28
7/ 34/ 42V 1A £4.85. 2A £7.95.

Car Convertor kit. Input 12V DC Output
6/7Y2/9V 1A regulated £1.95.
Stabilised power kits 3-18V 100mA
£3.60. 3-30V 1A £9.95. 3-60V 1A
£10.95. 3-60V 2A £13.95.

SINCLAIR PRODUCTS

Cambridge Scientific programmable cal-
culator £13.95. Prog library £4.95.
Mains adaptor £3.20. Cambridge Scien-
ofic £8.95. PDM 35 digrtal multimeter
£26.95. Adaptor £3.20.

FERRANTI ZN414
IC radio chip £1.44. Extra parts and pcb
for radio £3.85. Case £1. Sae for data

JC12, JC20, JCA0 R
AMPLIFIERS (\\
JC126WIC audioamp \\ N
with pcb £1.95. Also R S
new JC40 20wW RN L
model  with  pcb ﬁ&l\/’
£3.95.

JC20 10W integrated circuit amp with peb
£2.95.

Send sae for free data on all 3 models,
and associated power and preamp kits

W

SWANLEY ELECTRONICS
DEPT. WW, PO BOX 68, 32 GOLDSEL RD., SWANLEY, KENT BR8 8TQ

Mail order only No callers Send sae for free data on kits Postand packing 30p Prices include
VAT Official orders welcome Overseas customers deduct 7% VAT on items marked” and

11% on others

TRAMIELS €

A SEMICONDUCTOR POWERHOUSE
TRAMPUS ELECTRONICS LTD., 58-60 GROVE ROAD, WINDSOR,
BERKS. SL4 1HS. TELEPHONE WINDSOR (07535) 54525
CALLERS WELCOME MON.-SAT. 9 A.M..5 P.M.

Fast service on ex stock products normally 24 hour turn around Quality devices to
manufacturers specifications Barclaycard & Access by post ot telephone £5
minimum  Send CWO, add 20p post & packing plus 8% VAT to tems marked *
12Y%2% VAT 10 unmarked items No minimum order charge for cheque or postat
orders Government Depts schools NMA £5 min order Free catalogue sale hist
send SAE Money back if not satisfied (prices may change)

]
—
ST

o

1.C.'s All price sach ~ TRANSISTORS PAKH 5x2N38B19E  £1.00
555 DIL8 Timer 34p* BC 107 108 7p* PAK K 40~ 1N914 £1.00°
723 Reguiator 69p°  BC109 8p'  PAKN 25x0AB1/91  €1.00
741 DIL8 PIN 26p* BC107 108 1098 15p PAKT 4 x LM301 €1.00°
741 DIL14/T0G99 36p"  BCI0Bor 109C 15p°  PAKW 20 x Electrotytics £1.00°
747 DUAL 743 89p°  BC147 8/9 12p MORE PAKS IN UISTS
748 DIL 14 PIN 29p°  BC167/8/9 10p CAPACITORS: CERAMIC  Sp
748 DIL 8 PIN 49p° BC177°8 9 20p ELECTROLYTIC 1ut 200uf  7p
7805 plastic or 103 £1.00° BC182/3/4A0rL 9p HEATSINKS TQ18/T0S 5p°
781201 15 £1.50° B8C212 3 440t 12p 703 SMALL 29p° BIG 69p°
76013 or 76023 £1.49 BCY7071 72 20p'  DIL SOCKETS
8038 SIG GEN £5.00° BD13) or 132¢ea 39p°  LOW PROFILE 8 PIN 12p°
AY51224 CLOCK €2.25°  BFY 50 510r 52 20p"  140R 16 PIN 15p°
LM301 DIL14 29p°  MJ2955 PNPY €1.50°  VERO AIl O 1 stocked
tM301 DIL8 59p°  MUJE 2955 €1.40° 2% x3%" a2p*
LM309K TO3 5V £€1.000  MJE3D55 55p°  3ux 5" 5
LM382 (LM381; €2.00  ORP12PLASTIC 50p"  3w'x17" €250 2" x B
LM380 /60745 89p  TIP29 30 31 32C 60p"  50p°
LM3130 CA3130 95p°  TiP4lAor42a 65p°  DIL BOARD 6" x 4" £2.44°
LM3900 75p°  TIP41Cor 42C €1.00°  POTS 25p PRESETS 9p RESIS
. MC1310 MPX DR 75p  TIP2955 65p"  TORS 2p
NE556 Timer 34p°  TIP3055 $5p"  CMOS: RANGE IN LISTS
NEB56 2x555 €1.00° 11543 0r 2N2646 50p" 4001 0R2
TBA810 or 8§20 €1.00  2N2904 & 2905 30p° 1009 10 59p
2N2926 YG 15p 4011 20p° 4049 69 23p°
LEDS %" & 2 DIA ZN3053 24p°
RED NO CLIP 11p: 2ZN30B5 115W 45p°
21209 & CLIP 15p° ;Ng/lgg 13”2 ‘5205:/ i:-050'
COLOUR LEDS ALL 19p° N3702/ P
NEW BEZEL LED COVER CLIP 2N3819E & 23E 18p th'ofrp.s“'ff% T
10p 2N3820 FET 38p gy S5e
2N5457 LO NOISE 50p 7404/5207'_ ) ”P,
INSIBUSHISENS 1op 7208 10 © 7191 250p"
DISPLAYS (RED LED) . MATCHING ADD 20p 3. D ET
03°DL704 2 59"  DIODES 0A81 91 5p rar3 saE 7493 550w
u 3" DLIv7. 2 59p INO14 &4148 SIL iy e 5l G 0p’
067DL747/2NODP  £1.00° N300 5p° 4004 7p° BRIDG lvay o Gl e
TGS 308 GAS D €5.00'  1AbQV 25p° B2YB8 400mW fgp_ 7‘4'3‘ o)
390pf TUNING CAP €1.00  ZENERS 3 30V 10p° 130 P Z 0p°
BLEEPER RS TYPE €1.49° 7340 15p" 74157 50p’
DALD PCB PEN 69p° SCR & TRIACS 7331 79p° (7)4‘93E Y50;;
SRBP 6 x 3" 60p"  DISCO TRIAC 104 400V £1.00° 7995 4997 UOTE THI
v:KG FERRIC TUB €1.00°  DISCOSCRCING4A 400V agp 447 B4p"  ADFOR
PCB ETCH KIT £2.00°  SCR 1A 400V S50p 1ABOOV 6%p /370772 EPECC““
VU METERS €1.50°  DIAC 572 25p BR100 a0p 29p RICES
S T 1373 14 SHOWN
SILICON GREASE (MINI  25p o
TUNER SALE 7475 a0
MW LW & FM WiTH MPX DE FULL SPEC PAKS €1.00 7175 399
CODER & PUSH BUTTONS PAKA 10« REDLED  €1.00°  jiag 2 5
ONLY £10.00  PAKB 4x741DILB  £1.00° 100°
STEREQ 7W AMP €2.69  PAKC 3x2N3055 €1

www._americanradiohistorv com
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Z & | AERO SERVICES LTD.

Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF

Tel.: 727 5641 Telex: 261306

will be staged at the NEC concurrently with IEA Electrex.

L.\'ulihull. Wt Micllands. BO1 213 1geliand.

www americanradiohistorv.com

. . o . FULLY GUARANTEED L
MULTIMETER F4313 (Made in USSR) 02 045 125 0.65 . 050 PS4  D.90
B e 03 0.55 12405 0.5 050 PLS08  0.90
. 062 0.45 12417  0.45 0.60 PLSO9  1.30
ST & mee s on e
1200V DC range: 10,000 /v 1837 055 1207  0.90 035 PY8I 0.45
Other DC ranges: 20,000 /v 185 0.55 127 0.38 340 PYR2 045
1200 AC range: 6,000 Q/V SRAGY 1.00 1284A 0.80 4.80 PY83 0.50 _
600V AC range: 15,000 Q/V *5U46 0.55 128A6  0.60 065 PY88 0.50
300V AC range: 15,000 Q/V i 51;: o.:s 128E6 g.g g.g ﬂg?m ;.;:
: 20, v 5Y36T  0.65 (2847  0.60 . . !
o Otiher AC raljiges 20.000 Q/v, R s 'g:; g;g 045 Em "%
AC/DC current ranges: 60-120-600uA-3-12-300mA-1.2-6A BAKS 045 19A05 . 0.65 UABCSD 0.
. 65 030 30A5  0.70 ) 055 UMd2 070
AC/DC voltage ranges: 60-300m\A1.2-6-30-120-300-600-1200V 6AS5 0.65 3543 070 ECCB4 035 ECS5 065 Pociae 0,85 UBCAl 0,50
Resistance ranges: 300()-10-100-1000K ) A6 080 3345 080 ECCB5 045 ECB6 0SS  Ppye0 040 UBCAI  0.50
Accuracy: 1.5% DC; 2.5% AC (of full scale deflection) BATE 0.60 -3585 0.70 ECCS6 1.25 EF80 0.35  pCre2 040 UBFB0 050
Mirror scale and knife edge pointer. Taut suspension of movement. Transistor g:vwsu g‘;’g ﬁ g;s Eg% ::g E;ﬁ g:: % :2 H&Eﬁ g‘;’g
amplifier is used for all AC ranges thus achieving a common linear scale for both AC AUS 0.40 35W4. 060 ECCI89 080 EFIB3 035 pgr20l  pgs UCCES 0,50
and DC ranges. .6BAG 038 50C5 - 0.70 ECFB) 045 EFIB4  0.40 PCFEOZ 055 Hgmg :zz
Meter is protected by a transistorised cut-out relay circuit. Range selection Is 2:52 :;: Ei::gtln :g Egg g;: Eﬁm g;: gﬂ” g;g ueis OIS0
achieved by clearly marked rpiano keys. Power source: 5 1.5V dry cells. 6BNG 0.80 EAF42 070 EcFB01 075  EL36 060  POLE? 0.40 UCLE? 0.40
Dimensions: 95 x 225 x 120mm. 6826 055 EAF80I 0.65 ECFB02 075  ELBI 0.60 PcLs; 0.50- ld%llw :.;g
6827 070 EBCAI  0.75 ECH42 085 ELB2 060 P85 0.60 .
LTSS B (ilve o 64  Da0 Bl 050 ECABI 050 EB3 060 PCL6 060 UF2 075
Packaging and postage £1. 6086 050 EBFB0 0S50 ECHS3 050 EL4 0.5 P20 075 UFBD 040
Gi tmeg imew o oy omum
- 66K 0.70 .40 ECLB) 040 I 60 i
OSC|LL°_SCOPE CI-5 848 075 ECB5 075 ECLal 075 EMS0 055 P38 065 U4l 070
Made in USSR uger 0.55 E(éaa gg ECL82  0.42 5:3 :ﬁ :tg; o.:: m? g?s:
) . 0.35 EC9I I 1.15 ! 0. )
Extremely simple and easy to use single beam | 8% 0S8 08 045 Hisr 06 D81 o8 i . o0 0z 058
oscilloscope. Well proved design based on standard 6SL76T 055 ECCB2  0.38 PLB4 050 UYS2 0.60
octal valves makes servicing and maintenance 65M76 055 ECc8)  0.38 All prices are exclusive of VAT PL9S 0.70 UY85 0.50
straightforward and inexpensive. Because of its .
bandwidth of 10 MHz the instrument is suitable for [ —
general electronic applications and educational MINIMUM EXPORT ORDER £100
pu-poses where a sophisticated instrument would be.
both too expensive and delicate. 3in. tube giving a 50 I 976/ I 977
x 50mm clear disptay. Amplitude and time base LAHGE STOCKS
calibrations. Sensitivity 30mm /v max. Triggered and CATALOGUE
free-running time base, suitable for displaying pulses OF
from 0.1 u sec. to 3 m sec. A.C. mains operation.
Price £55.00 ex. works, plus VAT SEMICONDUCTORS AVAILABLE 30p
Packing and carriage {U K only} £3 00
WW—057 FOR FURTHER DETAILS
13-17th MARCH 1978
IEA-Electrex. the International Electrical, Electronic and '|'h | , |E| : |
Instrument  Exhibition, which returns to the National € ntematlona eCtncar
Exhibition Centre, Birmingham. from 13-17 March 1978 El : | E hb i
iollowing ts most succeesiul debut there in 1976, will be the — LIECETONIC and Instrument Exhibition.
first major event in its field in the European 1978 calendar. : | E hb : C
IEA will have three impressive sections for Natlona XNl mon entrer
clectronic components, process control instru- B : h E
! ments and a general classification and will include 'rmlng amr ngland-
professional and industrial clectronics, active and passive e e e
components, process control and scientific instrumentation, r;E A/ELECTREX
machine tool control and automation. computer techniques 1 Ploase send me further details [ Registration cards [ :
and data handling. | i
7 ELEC’] RI‘,X \\'l“ t,au"-(, p()\\'(‘l‘ pl‘()(lll(‘ll()ﬂ Hnd | TN e recttirsecees oo oo eee e+ eoee eosemions + stinee one e '
s transtormation, power applications, ransmission | Compny N
and distribution. safety and control equipment, 1 . ]
emergency and Stand_b)- p]an[‘ ndustrial and commercial : MURESe o exmamommmr e rar aoe G :
lighting and installation equipment and components. Its i I
sponsors are joined for the first time by the Lighting Industry 1
Federation and a lighting section will be featured. 1 - :
. . e g 1 ww
IPHEX. the International Pneumatics and Hydraulics Exhibition 1
incorporating Compressors and Power Transmission Equipment, 1 Send tonindustriad & Trade Fas L, Raddlifie House, Blenheim Court.
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NEW PRODUCTS!

. [NRDC-AMBISONIC 45J

e

A R N IO

e e

SURROUND SOUND DECODER

The first ever kit specially produced by Integrex for this British NRDC 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 45J but virtually all other ‘quadrophonic’ systems
input selections

Or ready built and tested. £61.50 + VAT

With Home Office Type approval

(Not CD4), including the new BBC Matrix H.10

The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 to 3 input signals and 4 or 6
output signals are provided in this most versatile unit. Complete with mains power supply, wooden cabinet, panel, knobs, etc
Complete kit, including licence fee £45.00 + VAT

INTRUDER 1 RADAR ALARM

As in "Wireless World '’ designed by Mike Hosking. 240V ac mains operated and disguised as a hardbacked book. Detection range up to 30
feet. Complete kit. Exclusive designer approved kit £46.00 + VAT, or ready built and tested. £54.00 + VAT

Wireless World Dolby°noise reducer

Trademark of Dolby Laboratories Inc.

3

e
el
LY -

Featuring:
@ switching for both encoding (low-level h.f. compression) and decoding
@ a switchable f.m. stereo multiplex and bias filter.
@ provision for decoding Dolby f.m. radio transmissions (as in USA).
@ no equipment needed for alignment.

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 of
0.12%

Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal
at Dolby level) at Monitor output

Dynamic Range >>90db

30mV sensitivity.

@ suitability for both open-reel and cassette tape machines.
@ check tape switch for encoded monitoring in three-head machines.

Complete kit PRICE: £39.90+ VAT

Also available ready built and tested

... .. Price £54.00 +VAT |

Calibration tapes are available for open-reel use and for cassette (specify which)

........ Price £2.20+ VAT *

Single channel plug-in Dolby@ PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are available with

all components

Single channel board with selected fet

Gold Plated edge CONNECIOT . . . . . . .. ..

Selected FETs 60p each+ VAT, 100p+ VAT for two, £1.90+ VAT for four

Please add VAT @ 12%2% unless marked thus®, when 8% applies (or curren

........ Price £8.20+ VAT
........ Price £2.50 + VAT

........ Price £1.50 +VAT *

t rates)

We guarantee full after-sales technicai and servicing facilities on all our kits,
you checked that these services are available from other suppliers/

have

Please send SAE for complete lists and specifications

[ i ' Portwood Industrial Estate, Church Gresley,
I N T E R E x LT D Burton-on-Trent, Staffs DE11 9PT
a Burton-on-Trent (0283) 215432 Telex 377106
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INTEGREX

S-2020TA STEREO TUNER/AMPLIFIER KIT

- SOLID MAHOGANY CABINET

A high-quality push-button
FM Varicap Stereo Tuner combined
with a 24W r.m.s. per channel Stereo
Amplifier.
Brief Spec. Amplifier Low field Toroidal transformer, Mag, input, Tape In/Qut facility (for noise reduction unit,
etc.), THD less than 0.1% at 20W into 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,
INTERSTATION MUTE, and phase-locked IC stereo decoder. LED tuning and stereo indicators. Tuning range
88-—104MHz. 30dB mono S/N @ 1.24V. THD 0.3%. Pre-decoder "birdy" filter.

PRICE: £58.95 + VAT

A very high performance tuner
with dual gate MOSFET RF and
Mixer front end, triple gang
varicap tuning, and dual ceramic
filter/dual IC IF amp.

NELSON-JONES STEREO FM TUNER KIT

Brief Spec. Tuning range 88—104MHz. 20dB mono

quieting @ 0.75uV. Image rejection — 70dB. IF rejection Mono £32.40+ VAT
— 85dB. THD typically 0.4%. i _
IC stabilized PSU and LED tuning indicators. Push-button With ICPL Decoder £36.67 + VAT
tuning and AFC unit. Choice of either mono or stereo with -

a choice of stereo decoders. With Portus-Haywood DeCOder_
Compare this spec. with tuners costing twice the price. £39.20+ VAT

STEREO MODULE TUNERKIT

%

é T E A low-cost Stereo Tuner based on the 3302 FET RF
' . . E ) ) i module requiring no alignment. The IF comprises a ceramic
A TS St filter and high-performance IC Variable INTERSTATION MUTE.
Sens. 30dB S/N mono @ 1.2uVv PLL stereo decoder IC. Pre-decoder 'birdy’ filter
THD typically 0.3% Push-button tuning

Tuning range 88— 104MHz PRICE: Stereo £31.95+ VAT

LED sig. strength and stereo indicator

S-2020A AMPLIFIER KIT

Developed in our laboratories from the highly successful
“TEXAN’’ design. PC mounting potentiometers,
switches, sockets and fuses are used for ease of
assembly and to minimize wiring

Power ‘on/off’ FET transient protection.

Typ Spec. 24+24W r.m.s. into 8-ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N *
72dB. Headphone output. Tape In/Qut facility (for noise reduction unit, etc.). Toroidal mains transformer.

PRICE: £33.95+ VAT

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES,
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND
COMPREHENSIVE INSTRUCTIONS

BASIC NELSON-JONES TUNER KIT £14.28+VA] PHASE-LOCKED IC DECODER KIT . .. £4.47+VAT
BASIC MODULE TUNER KIT (stereo) £16.75+ VAT PUSH-BUTTON uUNIT ... .. . . .. . . .. £5.00+ VAT

PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODER KIT ... ... .. . . . PP £8.00+ VAT

V'

Ty

VV"

|

v
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uild a microprocessor
electronic musical door chime
which can play 24 different tunes!

A complete Arama - GhIMe Rz far only £18cac 1.6p &TVAT

Plays
Greensleeves Cook House L

God Save the Queen he Stars & Stripe
L Ruie Britanma® Beethuvet e to Joy
- Land of Hope and Glory iham Tell Over
v Oh Comie All Ye Farthful Soldier's Chorn
ﬁ @ @ @ Oranges and Lernons Twinkle, Twinkle Littie St
b A Nt T Westminster Chimes Gredat Gate o Kiev

Marylan

i

e

R Sailor's Hornpipe

ioun - Beethoven's "FateKnocking Deutschlan r A
% m ‘ 3 The Marseiliaise Bac

3 y Mozart Coionel Bogie

; \ zP' | Wedding March The Loralhe

*' L

‘These tunes play ionger if the push bution s kept pressed

¥ Handsome purpose built ABS cabinet
x Easy tobuild and install
¥ Uses Texas Instruments TMS1000 microcomputer
x Absolutely all parts supplied.including |.C. socket
x Ready drilled and legended PCB included
e ¥ Comprehensive kit manual with full circuit details
genee x No previous microcormputer experience necessary
¥ All programming permanently retained is on chip ROM
. , . . % Can be builtin about 3 hours!
* ’497&1(‘”{704““‘0“ &) téel{aécma(wg x Runsoff 2 PP3typebatteries.
warld of mécnocompulens. x Fully Guaranteed

% Save pounds ou narmalretad price

ng 4o youwd{ TheChrom'a—Ch|me|sthe world’s first electronic musical

’ door chime which uses a pre-programmed microcomputer

chip to generate tunes. Instead of boring old buzzes, dings or
dongs, the Chroma-Chime will play one of its 24 well known
tunes from its memory using its tiny ‘brain’ to all the music
synthesizing! Since everything is done by precise mathe
matics, it cannot play the notes out of tune.

The unit has comprehensive built-in controls so that you
can not only select the ‘tune of the day’ but the volume,
tempo and envelope decay rate to change the sound
according to taste.

Not only visitors to the frontdoor willbeamazed, if you
like you can connect an additional push button for a back
door which plays a different tune!

This kit has been carefully prepared so that practicaty
anyone capable of neat soldering will have complete success
in building it. The kit manual contains step by step construc-
tional details together with a fault finding guide, circuit
description, installation details and operational instructions
all well ilustrated with numerous figures anddiagrams.

Please send D Chroma ChimeKits at £18-00 each
including VAT and post and packing

PLEASE USE BLOCK CAPITALS

Name

Address

or debit my ACCESS BARCLAYCARD account No.

CILTTTIT T L]

Signature The CHROMA CHIME s exclusively designed by

N 8 The CHROMA-CHIME i1s also available, fully l
assembled, price £24 95 inc VAT and postand packing. I

Pleaseallow 7 21daysfordeliver y
Y Y l River Way, Harlow, Essex.

I lenclose cheque POvalue t ]

www americanradiohistorv com
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LANGREX SUPPLIES LTD

Clima):t House, Fallsbrook Rd., Streatham, London SW16 6ED
Tel: 01-677 2424 Telex: 946708

SEMICONDU CTO R S BDI37  0.37* BE337 . GI5M 0.75 0AZ207  0.65 E ZTX504  0.20° 2N1671 150 2N3773 265
AAIIS 020 | ASZ15 BC177 0.19 BDI3  0.40° BF338  0.55" GMO3784  1.50 oCle 1.25 H ZTX531  0.20% 2N1393  0.33 2N3819  0.36°
AAYID 013 ASZ16 | 25 BC178 0.18 BD139 0.43* BFS21 227 KSI00A  0.40* 0C20 2.00 . ZTX550 0.16* 2N2147 140 2N3820  0.46°
AAY30 013 | ASZI7 125 | ECI7g 0.20 BDI40  0.47* BES28 138 MIEMO  0.58 oc22 250 5 & IN914 0.07 2N2148 165 2N3823  0.60*
AAY32 015 | ASZ20 075 | BC182  0.1* BDi#4 2.00 BFS6l  0.25* MIE370  0.65 0c23 2.75 . IN9I6 0.07 2N2218  0.33 2N3866 100
AAZI3 025 | ASZ2) 150 [ EC183 om° BD18} 138 BFS98  0.25° MIJE37L 081 oc24 350 IN400L  0.06 2N2219 042 2N3904  021°
AAZI5 031 | AUNI3  1.7e* | BClR4 a2+ BDI&2 1.48 BFWI0 090 MJE520  0.65 0c25 0.90 IN400Z 0,07 2N2220  0.35 2N3905  0.22°
AAZI7 025 | AUYI0 L70* | EC212  0.14° BD237 0.80 BFWIl 090 MJE521 075 0C26 0.90 .25 INGGUZ 008 2N2221 0.2 N3N 0.22¢
ACi07 075 | BAI45  015* | BC213  O.14* BD238 0.85 BFX84 038 MIE2955  1.25 oca8 2.00 . IN004  0.09 2N2222 0.25 IN4058  0.20%
AC125 030 | BAI48 015 | EC214 017+ BDXI0 075 BFX85 041 MJE3055  0.75 oc29 2.00 3 IN4005 0,13 2N2223 275 2N4059  0.15°
AC126 0.25 BAI154 0.10 EC237  017* BDX32 2.25 BFX87 0.35 MPF102  0.30* 0C35 1.50 . . IN4008  0.15 2N2368 017 2N4060  0.20*
AC127 025 | BAI5S 042 | EC238  0.12* BDY20 142 BFX88  0.32 MPF103  0.30¢ (C36 1.50 . IN4007 015 2N2369A 0.2 2N4061 017+
ACI28 025 | BAI56 0.13 | EC301 045 #8DYB0 .75 gﬂ;} 3‘%‘2 MPFl04  0.30% 8C4 21 0.50 . INYOOS 015 g:;m gzl 2N4062  0.18*
ACl41 020 | BAW6E2  0.05 | EC303 0.60 BF115 0.39 . MPF105 0.30° C 4 0.50 X INGI4 0.07 .50 2N4124 017%
ACI4IK 030 [ BAX13 007 | BC307  020* BFI52 0.25 BFY52 026 MPSAD6  0.25* 0C43 1.50 . IN5400  0.14 2N2904 035 2N4126  0.17°
AC142 020 | BAXI6 007 { EC308  0.18° BF153 0.25 BFY64 030 | MPSA56 9.25¢ 0C44 0.50 . IN3401 0.6 2N2905 035 2N4286  0.20%
ACI42K  0.25 | BC107 0.2 | BCXR7  0.22° BF 154 0.25 BFY90 132 MpSUOl  0.32# 0oC45 050 E 1544 0.06 IN2908 025 2N4288  025°
AC176 025 | BCIO8 012 | BC328  0.I8* BF159 0.35 BSX19 034 MPSU06  0.40° oc17 045 3 15920 0.08 2N2907 021 2N4289  0.25%
AC187 025 | BCI09 013 | BC337  0.19* BF160 0.30 BSX20  0.M4 MPSU56  0.45" 0CT2 0.45 : X 15921 0.08 2N2924  0.15% 2N3457  0.35°
AC188 0.25 BCII3 045" EC338  0.18* BF167 0.39 BSX2] 0.32 NKT401 200 oC73 1.00 R 2G30] 1.00 2N2925  0.17° 2N5458  0.35*
ACY17 065 | BClis 018 | BCY30 100 BF173 .30 BT106 1.25 NKT403 173 OC74 075 . 2G302 1.00 2N2926  0.13° 2N5459  0.35°
ACYI8 065 | BCit5 019 | BCY31 1.00 BF177 0.38 BTY79/100R NKT4M 173 oc7s 060 | T1S43 . 2G306 110 2N3053 025 3N125 1.75
ACYIS o065 | BCLi6 019* | ECYR2Z 100 BF178 045 319 NES555 0.45 oCw% 050 : 2N04 0.60 2N3054 050 3NI41 0.85
ACY20 065 | BCi7 022 | ECY33 090 BI179 0.48 BU205  2.25¢ 0A5 0.75 0C77 1.20 . 2N696 0.25 2N2055 065 25017 6.50
ACY2i 065 | BCII8 016+ | BECY4d 090 BF180 045 BU206  2.25° QA7 0.55 OC8I 0.75 . 2NB97 0.16 2N3440 060 25019 £50
ACY39 125 | BC125 oas* | BCY3 200 BF 18] 0.45 BU208  2.50° 0A10 0.55 OCBlZ  1.00 3 2N698 0.30 2N3441 0.80 25026 12.00
ADI49 070 | BCi26 025 | BCY4 125 BF 82 045 | BYIUO 0.45 QA7 0.14 0oCca2 0.75 . 2N705 0.80 2N3442 120 25103 1.50
ADI6) 075 | BC135 015+ | BCY42 030 RF183 0.45 BY126 0.14 OAT0 0.30 OCB3 0.55 . 2N706 0.12 2N3525  0.90 25302 0.75
AD162 0.75 BCI136 0.19* BCY43 0.32 Br184 0.39 BYI127 0.15 OAT9 0.30 0OCcs4 0.60 . 2N708 021 2N3614 1.20 25303 0.75
AF106 0.45 BC137 0.16* BCY58 023 BF185 0.37 BZX61 0.20 0AB] 0.30 ocl122 150 . 2N930 0.26 2N3702  0.15° 25322 0.80
AF114 e25 | BCl47 o010 | BCY?0 018 BFI%4  0.12* Series OA8S 0.30 0C123 1.5 3 . N1I31 026 2N3703  0.15° 25324 1.25
AF115 025 | BCi48  0.10* | BCY7l 022 BF195  0.01° BZY88 0.3 0A9 0.08 0C139 225 S . IN1132 026 N34 0.15¢ 25701 1.50
AF116 025 | BCl48 043+ | BCY72 017 BFI96  0.13° Sertes 0A9l 0.08 0OCH40 1.95 ( . 2NI302 037 2N3705  0.15° 25703 1.50
AF117 025 BCI57 Oz« [ BCZll 150 BFI97  0.14* CRS1/05 045 0A%5 0.08 0Cl4! 2.25 LTX 2N1303 037 2N3706  0.14* 2572} 3.00
AF139 040 | BCls8  on1e BD115 0.60 BF200 032 | CRS1/40 o0s0 0A20 0.10 0OC170 0.75 ; INI34 045 2N3707  0.18° 257454 0.35
AF186 150 | BCI59 013+ BD121 1.50 BF224  0.20° CRS3/05 045 0A202 0.1l OCI71 0.75 INI305 045 2N3708  0.14° 257464 0.35
AF239 0.45 BC167 0.3+ | BDI23 1.50 BF244  035* | CRS3,40 075 0A210 075 OC200 1.00 2N1306  0.50 2N3709  0.15
AFZi1 275 | BCI70  016* | BDI31 051 BF257 0.37 | CRS3/60 0.0 0A2l1 075 0C201 1.50 ON1307 050 2N3710 0.14¢
AFZI2 275 BCI7]  0.14* BDI32 0.54 BF25% 042 | GEX86 130 OAZ200 065 0C202 1.25 2N1308 .60 2N3711 0.15°
ASY26 045 BC172  013* BDI35  0.35° 8259 045 | GEX5) 175 YAZ20]  0.65 0oC2m 125 2N1309  0.60 2N3771 160
ASY27 050 BCI73  0.15* BDI%  0.36° BF336  0.50° GJ3m 0.75 OAZ206 085 0C204 125 2N1613 033 2N3772 170

9.80 PCO7 1.08* QY1250 5130 UFBs: 050 I 6CL6:  0.75° 12BA6  0.50% 5670 2.86%

XQ LVEN,S E{;Pk( ggls‘lll 10.43 PCO00+  0.75* QY4400 58.30 Ur8g: 0.50* 40, BC\WA 4.72+ J2BES 0.60° 5675 9.09¢
A EisoD GXU2 1720 PCCR4:  045% QY5500 127.50 uLh 1.00* > . 6023 0.30° 12BH7:  0.60° 5687 4.30°
T a1 L 1R2CC GXU3 2142 pPCC8S  0.45% QY5-3000A Uit 0.60% 504 31.35 GDK6 2,49+ 12BY7+  0.80° 5696 1.94°

o il EGeE GXU: 2184 212.00 UMBO  L0o* 4CN150A 21,00 6DQBB  3.04* 1261 1.00 5718 1.36°
A o | Cisscc GYS0l 132 Q20620 1840 [ UY4lr  0.75° INISOD 2500 | 6EA8  221° | I2El4  19.80 5725 3.40°
s E20P Gz 075 RI0 500 | UYs5: 065 [ sB254M 1125 | 6EBS  212¢ | I13EI 43585 5726 2.20
’;29(2,(', E283CC GZ33 4007 RI7 1.65% V5631 822 5B-255M 1125 6LW6  0.80% 19514 16.88 5727 3.50°
3343 LIRRCC G/mMt L2 RI8 395 XG1-2500 23.10 5022 40.00 66 0.75 19H5 22.50 5749 3.30*
Az £A52 GZ37 00* R19 1.00* XG5-500  16.80 AJ-180E 485.00 6F23 1.60* 2489 30.50 5751 293

;‘13{ LATE K16l 3.50* K20 1.00* XG2-6400 64.95 5R4GYT  1.00° 6+28 1.16% 0CI15  1.56° 5763 3120
m\j4 £ABCE0 KT66 1.00° RG3-250 2151 XGQ2- 6400 5U4G 1.00* 633 10.75 0C17 156° 5814A  2.60°

8 EACS L2 KT88 175 RG3-250A 23.28 7415 5U4GB  1.00° 6H1 8.00 30CIE e asw 1.40
BR R KTW61 .75 RG3-1250 20.95 | XRI-1600A 5V4Gt  0.65* | gH2N  075* | 30F5 1.00° 6.90
Bssm 'FJ’“ ;(2,1 KIW62 175 RG4-1250 27.50 19.05 5Y3GT  0.85° 613N 0.75° 30FI1 2 pLa2e 5s7sA 5.38
15 EB1l KTW63  1.75* RGH-3000 XR1-3200 34.00 523 1.50¢ 6H6 0.75* 30FLIZ 1720 5879 3.16*
BT17 EBoI+ 8079 840 K 113.09 XR1-32004 524G 1.00* 6J4+ 0.75% 30FLI4 1440 5886 10.50
BT o \R080 3.50 PCF802¢  0.72* RR3-250 34.77 54.00 5Z4GT  1.00% 6l 0.35° 30L1 0.84% 5963 1.87*
BT29 LBC ME08! 6.33 PCF805  L4® RR3-1250 6237 XR1-610 59.10 63012 1.09° 67 0.75" 30L15 1.72% 5965 2.20%
BTe e M8082 465 PCF806  0.80° SIEIZ 1800 NRI 6400A 6AB4 0.75* SKaN 0.75* 30L17 1.72* 6005 3.65°
BIT5 T BCH MADA3 5.61 PCISO8  La4* 5130 2.00 59.10 BAB7 0.75¢ 6KBGT  0.75* 30P4 0.92* 6021 1.6
Bros CBFRO M8091 77 PCLB2:  0.50¢ S130P 2.50 YD1120 206.00 6AC7 0.75¢ 6K7 0.75% 30P19  L12e 6057 6.23
Bl S \1%096 375 PCLEIT  9.92% STV80-10 1000 YDI240  206.00 64F4AT 070 | 6Kk 0.75% WPl 1320 6058 840
it CUeR VIR097 356 PCLEGE 050 STV280-%0 2759 6.50 6AG7 075 | 6KDE  4.79° 3pLI3 172" 6059 1,00

cval EBL3) M&098 320 PCLAST  0.80% 20.00 ZMIO0D 460 6AHB  0.70° 6L6G 250 30PLI4 168 606! 1.25
ol o VIS099 5.20 PCLEBT  0.65° SU41 2.50 ZMLIl 538 BAKS* 030 | 6L6GA 1507 30P1LI5 1727 6062 375
C3a Calt M8100 5.92 PCLB0S 85 Su42 9.00 ZM1020 855 6AKS 0.95° 6L6G 0.73* IBW 0.60* 6083 3.65
& ey V8136 612 ) 0.80° D310 15.00 ZMI1021 7.9 6AL5:  030° | 6L6GC  1.75* H0C5 0.70% 064 5.60
o) R \s137 623 P50 3.60° 1D03-10E 17.50 ZM1022 823 6AM4 230+ | 6L7 0.75 7581 315 6067 6.12
e ey MB140 450 PEG6-4ON 27.30 TDO3 101 17.50 ZM1023 766 5AMS 385 | 6N2P 0.75 75C1 1.55 6072 i77
AT CCE1s M&I4] 485 PFL200  L.12° ITi5 22.00 ZM1040  11.57 6AMBY  0.65° [ 6N3P 0.75 8541 7.50 5080 6.85
DAl Bl LCCH0 M&I142 1.0 PL36 .12 IT2! 7.00 ZMI04 967 6AN5 250 [ 6N7 0.75 82 1.50 6097A x B xC
DAF9g ECCAI+ N8I3 3.75 PLKI 0.55¢ 1122 700 ZMI042 1108 6ANBA® 0.70¢ | 6P25 360% HAG 7.26 10.00
l)l—Tiz LCC82 MB149 5.10 PLRIAT 112 ITI0 3750 ZX1051  87.00 6AQS5 0.75% Q7 0.75 90AV 7.16 6146A 4.27
R RS MRIGI 5.76 PL82 0.60° 1Y2-125 4020 B3GT+  0.55 6ARS 0.70* | 6R7 0.75* 90C | 1.50 6146B 465
DIl FCCK4 MB162 5.75 PL&3# 0.55* TY4-400  56.10 1324 10.00 HAS6* 0.80* BSAT7 0.75* SCG 574 6159 6.00
DFS6 LCCRS MH163 1.50 PL¥d:  0.60° TY4-500 73.20 B354 17.00 6AS7GT  1.30* | 65CT 0.75* 0CV 5.99 6189 6.08
Dyt LCC88 MRI90 4.60 PL504 7505+ Y5500 160.00 1B63 15.00 6ATH 0.65 | KSF7 0.75% 92AG 7.26 6201 484
PRS2 FCCBR MRI95 3.70 . 1.20¢ TY6-800 145.00 IR5* 0.55° BAUSGT 4.26* | 6517 0.75° 924V 718 6142 15.00
DK96 ECCH9 MRIY96 3.40 PL508* 160" TY8-5000A ! 0.40 6AUG:  0.55 8SJ7 0.75* A1 415 6883B 493
S s K204 3.50 PL309  2.72¢ 18800 174 0.30% BAVSGT 3.74% | 65K7 0.75° 15082 1.80 697, 261
DL ECC189 M&212 8.63 PL519 3.60° [Y6-50008 2A515 10.00 6AVE: 0.50 6SLIG T+ 0.55° 15083 3.30 70254 1.20
Dloe ECCH07 18223 2.30 PL80I 110+ 206.00 20394 9.00 SAX5GT 3.10% | 6SNIGT+ 0.55° 150C2 1.50 7551 365
bLSIo FCCR08 Mx224 2.80 PLB02:  216° Y 6-5000W 20483 18.00 687 075 | 65Q7 0.75% 1504 2.30 7586 6.79
OisTs FCFRO: V8225 2.60 £v33 0.68% 178.00 2021+ 0.55 6B8 0.75 | 6SR7 0.75° 21 5.00 7587 12.54
BrcTe e M8248 6.72 PYXIt 072" TY7- mmnA 2k26 3.00 6BAG: 0.50 | 6557 0.75¢ 723ABt  8.00 7609 31.80
BT CFRé MU Lo0* PYs2 0.45¢ ) 216.00 a2 60.00 6BAT 502 [ 6USG  200¢ %03 10.00 7868 2.93*
i Weiine MXLI9 2000 PYK3 0.60° TY7-6000W 2055 175.00 6BARA 375 | AUS 0.40* #05 20.00 7895 748
DA FCHaz VX123 34.50 PYRR:  L16* 175.00 2704 235.00 6BC4 371 | GUBA*  0.55% 807 0.65 805 25.00°
BNl FCHAL MXIH5 2705 PYSU0A S 1.60% 1240 15.00 2708 250.00 6BEG: 045 | 6V6GI:  0.60% 8I1A+ 3.00 8078 5.50
oY 8EE el MXI5! 1169 PYNOO X1© 082* Uts-20  2.50° 2K 9.50 6BHB: 120 [ 6N+ 04577 | 8127 7.25 8122 315
Dys02 T MX152 7400 PYSOI  0.82% U9 8.11 34002 35.00 6BJ6*  0.B0* | EX5GT+ 0.55° 813t 8.50 8136 1.54
e LC180 MX!6] 7650 QQV026  9.60 U2 116" 3502 35.00 6BK4 421+ | 7B 1.00* K33A 30.00 8417 3.40
e ECral MNI163  12.60 QAVOB10: 200 U2 1L44= 3A5 1.35 6BL6 85.00 | 7C5 1.75* $66A 8.85 18042 5.31
i TR VX164 12.56 QQV03-204 u3? 11.00 3B24 5.00 6BL7GT 3.86* | 7C6 1.25° AT2A 11.40 18045 5.71
EROCF e VX166 105.00 850 | UABCxo+ 050* | 3BZ8: 400 | 6BM6  85.00 | 7H7 Loos | 922 436
pol it AINIGE 2000 | (QVO6-10A UAF42 075 3829 1006 | 6BN6 080 | 7R7 1500 | 931a 1224
HHiae el FWa-500 2508 N78 7.50° 13.00 UB41 1.25¢ 38-240M  15.00 6BQIA  133* | 787 2.25* 1624 125
B Rt FWa.800 2200 0A2 0.45 QQVO7-50 UBCAl+  0.75* 3B241M 1500 6BR7 N 0.75¢ 1625 1.00
ER2CC ECLLR0O GI-271K  15.00 0A3 110 36.70 BF&9 0.50 3C23 10.00 6BRST  1.207 124 8.75° 2050 2.50
ERICE BT G3-lK 950 DAL 1.10 Q703:208 ucces  0.75+ 345+ 6.00 6BS7 4.00° | 11E3 31.00 42121 11895
TR Ek GIM0-2M 12390 0B2+ 0.45 ) 27.50 UCCRS*  0.50* 3CX100AS 6BWE  3.75% | 12AT6 045 1212H 11895
e e I I O = (PO B I B o T

: i N . H .20° £29+ A .96° .50° 33 .00
Rk B || R 'f | o3 045 | QU3 1100 | UCH8L: 0500 | 54 075« | 6BZc 178 | I12AU7+ 045* | 55514 6270
o s B || & sy 03 045 QVO3 12 3.00 UCL82:  0.50% 34 1.00% 6C+4: 0.40° | 12AV6  0.60° 33524 B4.70
ity Era a000 | Gsie k00 0z4 0.75% QY4 2.50 UCLBY  *Lade 1654 25.35 6CBBA* 0.50% | 12AV7  2.84% 5353A 22530
Fa2CC FF55 ;'50. GTIC 6.95 PCRg: 0.85¢ QVOK- 100 45.70 UKl 0.75% 112547 12.00 6CDEGA  4.00% 12AX7+  0.45* 3642 3.16*
Fe i P Guse 966 PORKe 0.85° Y3-65 4280 UF42 1.25* 1250A  36.00 iCG7 1.72* 12AY7:  0.82* 5654 3.61°
il 3y 45 il i PCY5 070° | Q¥3.125¢ 12.00 | UFA0t 030+ S I0A  37.00 6CH6 142 | 12BaAt Looe 3651 150"
INTEGRATED CIRCUITS 7495 080 | 74132 680 | 73 175 | Taass

] . . ; 1 AABTH 2.30°

74 0.20 7460 0.20 ;‘45;6 0.90 74136 068 7 1.57 TAAB30S 3.50°

: 5 ; i | 7o 0.20 0.35 0.35 497 3.67 74141 0.85 7175 1.00 TBA4S0Q) 1.84*

BASES CRTs Era B o] TRVCH R0 [ 0.20 0.35 036 4100 1.75 4142 3.00 176 I'10 mAszmg 5
B7G unskirted  0.15 | 2API 850 P 2500 | \Cr139A 500 | 110 0.20 0.50 0.36 o7 0.45 7143 3.00 1178 1.65 TBAG30 . 1.98*
BIG skirted 0.30 | 261 9.00 ADPL 3500 | vORsITA 300 | 7104 0.26 0.20 0.40 74109 0.56 7144 300 179 1.65 2.30¢
ggﬁ “l:“l‘“z‘.d g.;z ::}‘)fr;l! ;;3 SBP1 500 | VCR517B  3.00 7405 o.gg 0.36 059 M 6.57 i 1.00 1180 1.65 00 3.22¢

SLILIE 5 3 3P . 'CR5 i 06 0. 0.37 0.42 711 0.86 414 245 711 1.48 "

o 0.20 [ L0 7.00 fz,], N || SIS 0 0 0.55 0.42 0.60 7416 1.89 4148 2.00 4191 148 3220
Nuvistor 025 3 ALE7 300 1 TLol5A 500 | Tube Buseepzs | 18 0.28 0.37 085 118 0.95 74150 175 74192 1.25 rBAG73  2.19*
Locta 055 | 3GPI 700 | g 500 S SiTphi 7409 0.28 0.22 1.00 74119 2.00 4151 0.50 4193 1.25 IBATO0  1.52¢
ypin DI 0.15 {”:I 8.00 DGT5 2500 | VAT 9% 710 0.20 0.92 Loo 74120 110 4151 2.00 74184 1.25 TBAT20Q 2.30*
Hpin DI 0.15 2 860 DG 32 3600 712 0.26 0.78 0.40 74121 0.3 74155 0.90 74195 .10 TBATS0Q 2.07*
16 pm DIL 0.7 | 37 10.00 DHA9 3100 7113 0.45 1.20 0.52 74122 0.60 74156 0.90 74196 1.20 I'BA992Q 299+

ihve serecning SKPI 15.00 DHTI &R0 7416 0.40 0.20 7191AN  0.85 74123 1.00 74157 0.90 1197 1.00 ICAZ70Q 2.99%
ansallwzes 030 | 3RPI 3500 |G Ry 5.00 sk 0.10 0.20 492 0.60 74123 0.60 4159 250 T419s8 225 TCAT60A 1.38°

mg gzzao 0.20 ;433 0.70 7:152 3'23 ;41[;0 2.& 74199 2.
. 0.20 494 0.80 7 . 1172 5. W0IN 173
\T/Z';“Soo:‘b“sg'“;é:gvo8905(89e and packing valves and semiconductors 25p per order. CRTs 75p. Items marked " add 12 V2 %
thers 0 at

t Indicates cheap quality version or surplus, but also available by leading UK and USA manufacturers. Price ruling at time of Telephone 01-677 2424/7

despatch. Telex 946708
available to approved p with mini order charge £10. Carriage and packing £1 on credit orders. E& O.E.
Over 10.000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E.
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GAMBIA DENMARK FRANGE MUSCAT & OMAN &

HONG KONG AUSTRALIA

NAURU

FINLAND NIGERIA LUXEMBOURG TUNISIA GERMANY

AUSTRIA CZECHOSLOVAKIA SOUTH AFRICA

WIRELESS WORLD, JANUARY 1978

20 20 AN D 3 0 3 0 Designed by Texas engineers and described in Pracuical Wireless. the Texan was an immediate success Now

ped further in our ies 1o include a Toroidal transformer and addstional improvements, the shmline

2 OW 3 OW A M P L I F I E R s T20+ 20 delivers 20W rms per channel of true H-Fi at exceptionally low cost The sasy to build design is based
r on a single F/Glass PCB and features all the normal facilities found on quality amplifiers including scratch and

fumble filters, adaptable nput selector and headphones socket In a foltow-up article In Pracucal Wireless further

modifications were suggested and these have been incorporated into the T30+30 These include RF
nterference filters and & tape monitor facility Power output of this model 1s 30W rms per channel

Pack T20 T30 Pack T20 T30
1. Set of low noise resisters ... £1.60 £1.70 9. FibroglassPCB ........... £350 £390
2. Set of small capacitors ... .. £260 £3.40 10. Set of metaiwork. fixing parts ~ £5.20 £6.20
3. Set of power supply capacitors €220 £2.50 11. Set of cabtes. mains lead .... £0.40 £0.40
4. Set of miscallaneous parts .., £3.50 £3.50 12. Handbook .. £0.25 £0.25
5. Set of slide, mains. P.8. switches £1.50 £1.50 13. Teak cabinet 15.4” x 6.7" x 2.8” £4.50 £4.50

6. Sef of pots.. selecior switch . £2.80 £2.80

7. Set of semiconductors. ICs, skis. £7.25 £7.75 One sach of Pack 1-13 are required for compteta stereo

8. Toroidal transtormer—240V prim. amplifier. Totat cost of individuatly purchased
as.screem .............. £5.60 £7.20 packs T20 +20 £40.90. 730 + 30 £45.60.

SPECIAL PRICES FOR COMPLETE KITS

120+20kiT PRice £33.10  t30+30K1TPrice £38.40

WWII TUNER * %X

Following the success of our Wireless World FM Tuner Kit this cost reduced model was
designed to complement the T20+ 20 and T30+ 30 amplifiers and the cabinet size, front
panel format and electrical characteristics make this tuner compatible with either. The
frequency meter of the more advanced model has been omitted and the mechanics simplified,
however the circuitry is identical and this kit offers most outstanding value for money Facilities
included are switchable afc. adjustable. switchable muting. LED tuning indication and both
continuous and push-button channel selection (readily adjusted by controls on the front panel}

T -
r R SR AT E B
178 ) 1 ey I

- @ ;:., (;o“b*ﬂliﬁ 0o Co

SPECIAL PRICE FOR COMPLETE KIT £47 . 70 AVAILABLE AS SEPARATE PACKS — PRICES IN OUR FREE CATALOGUE

POWERTRAN SFMT TUNER ¥ *

The requirement was a simple, low cost design which could be constructed easily without
special alignment equipment but which still gives a first class output surtable for feeding any of
our very poputar amplifiers or any other high quality audio equipment Not finding a suitable
published circuit, the requirement was met by design and development work 1n our own

L g ————— ™" 5 laboratories and this tuner. which uses a pre-ahigned front end module can be set up with the
\" R ———— i aid of nothing more saphisticated than a multi-meter A phase-locked-loop 1s used for stereo
e decoding and controls include switchable afc. switchable muting and push-button channel
G ® 0 0 L J O | ] 0 L4 O At i selection (adjustable by controls on the front panel). This unit matches well with the T20+ 20

- = e e and T30+ 30 amplifiers

PRICE FOR COMPLETE KiIT £35.90 AVAILABLE AS COMPLETE KIT ONLY

wi World ifi y Fult ks are not available for these projects but SEMICON DUCTORS a5 used in our range of quality audio equipment

component packs and PCBs are stocked for the highly regarded Baiey and 20W class AB
Linsley-Hood designs together with an efficient regulated power supply of our own

design Suitable for driving these ampbfiers s the Bailey Burrows pre-amplifier and our 2N699 £0.20 8cio7 £0.10 BF257 £0.4Q S A OSRRE 0. 25, IfIE30G £0.60

circuit board for the stereo version of it features 6 inputs, scratch and fumble filters and 2N3055 £0.45 8cro8 £0.10 BF259 £0.47 MPS:%Z £0.35 IEENIA £0.70

wide range tone controts which may be either rotary or shder operating For tape systems 2N3442 £1.20 8C109 £0.10 8FR39 £0.30 MPg 62 £0.25 TiPa2A £0.80

aset of three PCBs have been prepared for the integrated circuit based high performance 2N3711 £0.09 8C109¢C £0.12 BFR79 £0.30 MPSA £0.35 Tip418 £0.75

stereo Stuart design Oetants of component packs are in our free Catalogue 2N3904  £0.17 BC125  £0.15 BFYS) £0.20 MPSA66 £0.40 TIP42B  £0.80
2N3906 £0.20 BC126 £0.15 BFY52 £0.20 MPSUOS5 £0.50 1N914 £0.07
2N5087 £0.25 BC182 £0.10 CA3046 €0.70 SBA750A £1.90 1N916 £0.07
2N5089 €0.25 BC212 £0.12 LM30tAN €0.55 SL309 €1.30 15920 £0.10
2H5457 £0.45 BC182L  £0.10 LP1186 €6.50 SL3045 £1.20

D c100 2N5459 €045 BCIBAL  €0.11 MC1310 €2.20 SN72741b  £0.40

BAIL PR 2 3 - £2.385 2N5460 £0.50 BC212L €0.12 MC1351 €1.05 SN72748P  £0.40

BAIL Pk 3 Semiconductor set £4.70 2NS461  €0.50 BC2144 0.14 MC1741CG  £0.65 STCR53  €2.40

20W Linsley-Hood Class AB . 2N5830 £0.35 BCY?72 £0.13 MFC4010 £0.95 TIL209 £0.20

CHAB Pk 1 F, Glass PCB £1.05 40361 €0.40 BD529 £0.65 MJaB! £1.20 TIP29A  £0.40 FILTERS

LHAB Pk 2 Resisior Capacitor Polentiomerer set €3.20 40362 £0.45 BDE30 €0.55 MJa91 £1.45 TIP304 €055 L 1200

LHAB Pk 3 Semiconductor set £335 74004 £0.35 BDYS6 £€1.60 MJES2)  €0.60 TIP29C £0.55 SFJI0 7MA £1.50

Regulator Power Supply

B0VS Pk 1 F/Glass PC8 £0.85 e R e

60VS Pk 2 Resistor Capacitor set £2.20

BOVS Pk 3 Semiconductor set £3.10 N EW P R OJ E ‘ I s

60VS Pk BA Toroudal transformer (for use with Bailey) £8.80

60VS Pk 6B Toroidal transformer tfor use with 20W LH) £7.25

B D €2.80 LINSLEY-HOOD LOW DISTORTION OSCILLATOR

A B Cap;i«?;fO)Sem.cannucmr S 6170 A Wien bridge audio oscillator (10Hz- 100KHz) with sine or square wave output (1mV-1V) published in

BBPA Pk 3R Ratary Potentometer set (stereo) £2.85 Wmeless_World September. October 1977

BBPA Pk 35 Shder Potentiometer set with knabs (stereo) £3.10 Pack 1 Fibreglass PCB e £1.65

Sluangape semmi\’ . 8 o Pack 2 Capacitors, 2% metal oxide resistors oie £2.60

TRRP Pk 1 Replay Amp F/Glass PCB (stereol £1.3 Pack 3 Transistors. IC IC socket, thermistor £3.90

TRRC Pk 1 Record Amp F Glass PCB (stereo) £1.70 oS e -

TROS Pk 1 Bias Erase / Stabiher F / Glass PCB (stereo) £1.20 Pack 4 Potentiometers and switches £2.80

ERIC F. TAYLOR PRE-AMPLIFIER
SQ QUAD RAPHON'C DECODERS A low noise, low distortion (0 005%) stereo pre-amphfier for use with magnetic pick-up (RIAA
equahzation)

These state of the-art circunts described by CBS are oftered as kits of supenior quality with 1 Pack 1 Fibreglass PCB 1Slereo) £1.45

close tolerance capaciors metal oxde resistors and Fibreglass PCBs designed for edge Pack 2 Metal oxide resistors, capacitors (Stereo) £3.20

connector insertion Further Information on these kits 1s given (n our FREE CATALOGUE Pack 3 Transistors, ICs. IC sockets, zeners (Stereo) £4.20

M1 Basic mateix decod £5.90

0 Fulalsllogv‘cad:;o::ro e £€17.20 For further details of these please ask for our NEW PROJECTS LIST

L2A Full fogic decoder with vaniable blend £22.60 [ P orr—=

L3A As L2A but with high performance discrete component front end £30.10 '

{or with carbon fitm resistors) £25.90 QUALITY: All components are brand new first grade full specification guaranteed devices All resistors
SQM1 30 Decoder complete with 30W rear channe! amplifiers Compliete kit matches {except where stated as metal oxide) are low noise carbon film types All printed circurt boards are fibreglass.
T30+ 30 amphfier £40.75 dnlled roller inned and supplied with circuit diagrams and construction layouts

- o - AFTER-SALES BACK-UP: Servicing facilities (very rarely required for our kits) are available for all #x
va|ue Added Tax not Inc"‘.ded n p"ces complete kits Further details will be sent on request
UK Carriage FREE FOR FURTHER INFORMATION PLEASE WRITE OR

PRICE STABILITY: Order with confidence! Irrespective of any price TELEPHONE FOR OUR FREE CATA LOG UE

changes we will honour all prices in this advertisement until January 1st,
1978, if this month’s advertisement 1s mentioned with your order Errors DEPT Wwi12

and VAT rate changes excluded.
U.K. ORDERS: Subject to 12%:% " surcharge for VAT (1 € add % to the
price} No charge is made for carnage ‘or at current rate if changed

SECURICOR DELIVERY: For this optional service (U.K mainland only)

ZTLEEZS %)O(Yjﬁzz‘g??;vfgupz'r::; 1o collect your kit from the factory. call PO RTWAY I N D U STR IAL ESTATE AN DOVE R
:;Li:;l(ﬁe:yCoumer (at rear of factory) Open 9 a m.-4.30 p.m. Monday- AN DOVER, HANTS SP 1 o 3 N N 6445 5

www americanradiohistorvy cam
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WIRELESS WORLD, JANUARY 1978

AUDIO KITS OF DISTINCTION FROM PDWERTRAN

HOLLAND KENYA

JAMAICA

UNITED ARAB EMIRATES

FALKLEND ISLANDS

ASCENSION ISLAND YUGOSLAVIA UNITED STATES OF AMERICA JORDAN GREEGE INDIA GUYANA PORTUGAL

N EWI DE LUXE EASY TO BUILD LINSLEY-HOOD 75W AMPLIFIER

SPECIAL PRICE FOR COMPLETE KIT £ 99 - 30

The standard model of our ki for Mr

desired be effectively used separately n high performance audio systems not based on our metalwork

Our new De Luxe model uses 14 boards which interconnect with goid plated contacts and have the potenuometers a
boards for the stereo pre amplifier Ts system almost eliminates ternal wiring making construction delightful
maintenance is so simple that even newcomers 1o electronics will he able to cope competently with the kit Additonal features of our new model are inclusion of latest ¢

duty use even in tropical chimates anc metal oxde resistors thraughout for long-term stability and reliabihty

PACK PRICES FOR STANDARD KIT

Pack Price  Pack Price
1. Fibreglass printed circuit board lor power amp V1. Fibraglass printed-circuit board for power supply
............................... £1.15 000000000905095000000000000a0a00 (VL5
2. Set of resistors. capacitors. pre-suts for power  12. Set of resistors. capacitors. secon ary fuses.
......................... £2.50 semiconductors for power supply . ... £5.40

3. Set ol semiconductors for power amp €6.50 13. Set of miscellaneous parts inchiding DIN skis..
4. Pair of 2 drilled, finned heat sinks £1.10 mains input ski., fuse holder. interconnecting
5. cable. controt kmobs .. ........... £6.20

. Fibreglass printed-circuit board for pre-amp
............................... £1.90

14. Set of metalwork paris including silk screen
printed fascia pansl and all brackets. fixing parts.
... £8.20

pre-amp ... L, fa.t0 sic. .
7. Set of low noise. high gain s for 15, Handb .. £0.30
Pre-amp ....................., £2.40 16 Teak cabinet 18.3" x 12.7” x 3.1 ... £10.70
8. Set of potentiomaters fincluding maing switch)

2each of packs 1-7. 1 each of packs 8-16 inclusive are
required for complete stereo amplitier. Total cost
of individually purchased packs .. ... £90.80

9 S8t of 4 push-bulton switches. rotary mode switch
............................ £5.40
10. Tormdal transtormer complete with magnetic
screen/ housing primary: 0 117.234 Vv
secondaries: 33-0-33 V. 25-0-25V ... £10.95

LINSLEY-HOOD CASSETTE DECK

SPECIAL PRICE FOR COMPLETE KIT £ 7 9 - 60

Available as
Separate Packs

Details 1n
Free Catalogue

Linsiey-Hood s 75 watt design has for a long time offered exceptional
performance for a very modest cost {,ust look at prices for comparable high quality high power ready built ynits!)
Features of the amphtier include very low distortion {iess than 0 O1%) 75W rms per channel power output rumble
fitter variable slope scratch filter vaniable transinion fraquency tone controls tape momitonng facihues and ndividually
adjustable inputs This model 1s based on 5 circun boards which not having the contrals mounted on them can if

STANDARD LINSLEY-HOOD 75W AMPLIFIER

SPECIAL PRICE FOR cOMPLETEKIT £79.80

Pack Price

o =

Lo~ aw

. Stereo PCB faccommodates 2 rep. amps. 2 meter
3.35

amps, bias/erase osc. relay)

Sterea set of capacitors. resislors,
potentiometers for above .......... £7.95
Stereo set of semiconductors tor above . £8.50
Miniature relay with sacket ......... £2.90
PCB. all components for solenoid. spead control
circuits ... 3.80
Goldring-Lenco mechanism as specified  £18.50
Function swilch. knobs ... ... ... . ., £1.90
Ouat VU meter with illuminaling lamp .. £6.95

. Toroidal iransformer with E.S. screen prim.

0117V, 234, Sec. 15V ... ..., .. £4.90

Pack Price
10 Set of capacitors. rectitiers. 1.C. voltage reguiator

for power supply (Powertran design) .. £2.80

11. Set of miscetlangous parts. including sockets. fuse

hoider. tuses. interconnecting wire. stc  £3.40

12. Set of metalwark including silk screened fascia.

panel. internal screen. fixing paris.etc  £7.10
13. Consiruction notes . .............. £0.25
14. Teak cabinet 18.3" x (2.7 x 3.1 ... £10.70

One each of packs 1-14 inclusive are required for

compiete sterso cassetis deck. Tolal cost of
individually purchased packs . ..... £83.00

Published in Wireless World (May. June August 1976) by Mr Linsley-Hood. this design although straightforward and relatively low cost nevertheless provides a very high standard of
performance To permit circuit optimization separate record and replay amplifiers are used the latter using a discrete component front-end designed such that the noise level is below that
of the tape background Push button switches are used to provide a choice of equalization tme constants. a choice of bias levels and also an option of using an additional pre-amplifier for
microphone use The mechanism used 1s the Goldring-Lenco CRV. a unit distinguished in 1ts robustness and ease of operation Speed control and automatic cassette gjection are both
implemented by electronic circuitry This unit which is powered by a toroidal transtormer and uses metal oxide resistors throughout ofters an excellent match for the Wireless World Tuner

and the Linsley-Hood 75 Watt Ampitfier

WIRELESS WORLD FM TUNER

SPECIAL PRICE FOR COMPLETE KIT £ 70- 20

Designed in response to demand for a tuner to complement the world-wide acclaimed
Linsley-Hood 75W Amplifier this kit prowides the perfect match The Wireless World
{Skingley and Thompson) puthshed onginal circuit has been developed further for
inclusion into this outstanding shmline unit and features a pre-aligned front end module

excellenta m rejection and temoerature compensated varicap tuning which may be controlled either continuousl
meter and shding LED indicators. attached to each channel setector pre-set The PLL stereo decoder incorporates active filters for

Pack Price
1. Fibreglass printed board tor front and IF strip.
domodulator. AFC and mute circuits . £2.15

. Set of metal oxide resistors. thermistor.
capacitors. cermet preset for mounting on Pack
U c00000000000000000a00a000 £4.80

. Set of fransistors. diodes. LED. Integrated

circuits for mounting on Pack 1 .. .. £5.25

Pre-aligned front end module. coil assembly.

ihree section ceramic fitter £8.50

. Fibreglass printed circuit board for stereo

decoder

Set of metal oxide resistors. ca

preset for decoder

~

-~ W

2]

o

£2.60
Set ol transistors LED. integrated circuit for
decoder 2.90
. Set of components for channel selector swilch
module including tibreglass printed circuit
board. push-butlon switches. knobs. LEDs.

~

praset adjusters, etc. £9.40
Function switch. 10 tura tuning potentiometer,
knobs £5.80

w

transformer and integrated regt lator. For long term stability metal oxide resistors are used throughout

EXPORT A SPECIALITY!

Our Export Department can readily despatch orders of any sizeé to any country in the
world Some of the countnes to which we sent kits last year are shown in this
adverisement To assistin estimating postal costs our catalogue gives the weights of all
packs and kits Ths will be sent free on request by airmait, together with our Export
Postal Guide which gives current postage prices

www americanradiohistorvy caom

Pack Price
10. Frequency meter. meter drive components.
Hbreglass printed circuit board ... £10.35
11. Toroidal transformer with slectrostatic screen.
Primary: 0-117V 234V. secondary: 15V £4.90
12. Set of capacitors. rectifiers. voltage reguiator
for power supply . ........... .. f2.10
13. Set of misceltansous parts. including sockets.
fuse holder. luses. infer-connecting wire, etc
............................. £2.05
14. Set of metalwork parts including stk screen
printed fascia panel. acrylic silk scroen printed
funing indicator panet insert. internal screen.
fixing parts. stc.
15. Construction notes . ..
16. Teak cabinet 18.3" x 12.7" x 3.1

£0.25
. £10.70
One gach of packs 1-16 inclusive are required for

compleie siereo FM tuner. Total cost of
indlvidually purchased packs .. . .. £81.15

y or by push-button pre-setection Frequencies are indicated by a frequency
birdy suppression and powet 1s supplied via a toroidal

EXPORT ORDERS: No minimum order charge' Prices same as for U K customers but
no Value Added Tax charged Postage charged at actual cost plus 50p documentation and
handling Please send payment with order by Bank Draft, Postal Order, International
Money Order or cheque drawn on an account in the U K Alternatively for orders over
£500 we wili accept Irrevocable Letter of Credit payable at sight in London

our catarocue 1s FREE!
JUST SEND YOUR NAME AND ADDRESS TO RECEIVE YOURS

— .

w
~
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16 S.W.G. ALUMINIUM, SILVER HAMMER
FINISH

TYPE ‘N’

WIRELESS WORLD. JANUARY 1978

ANK CHASSIS

%3
"N
e

rice

SIIEED Lﬁ SWG ALUMINIUM

6" x 4 )
f 5 Size
LA R p 3p o Pri
7 .8 rice  Bas,
Iixs a2 % 375 o0 1] 2 €1.45 70,
LSRRI 850 40p 13 g ] €1.50 745
g0 1 ,(72, “og gsop 13 . gy Su E1.70  ggg,
" 7 2 - p 14 x 7 | £1.65 86
190 @y £100 ssp q4r [yd0 H €130 g3
A 4 x 2 guL 4p 15 450 ) ) €195 ¢908
. 3 e 5:" 17 %100 3 gz.os €115
S 4 . P : 245 ¢ 28
% .
VAT 89,
J TO FiT andp.p. extra
» OUR'cASES
. Size
2 7 ) Price  Base
i 7 . ey 80p 455 170, o
J x 2 2 6%
| ;1 x 8%y “9:’3 4Sp 147 . gyt ; €1.35 74
] 1 gy o 69p 15% . gy, 5 £1.65 ¢109
28 69p V7% gy 5 25-15 €1.22
PANELS: Any g 35 €135
Y 8128 up t0 3t1. at B6p sg. 11, 16 s.w.g. VAT 8%,

{18 8w g. §8p) and p.p. extra

f (PLAIN ALUMINIUM)

VAT 8%
and p.p. extra

H.L.SMITH & GO.LTD.

287-289 EDGWARE ROAO, LONDON W2 1BE

{16 s.w.a.)

5 x4
3 a2 1 55p (‘l:mwg.:
2% x 1 g5p (18 8.wW.g-
44,','1'2.{"5 “a% 75p (18s.w.g.)
3 a3 x 2% 75p (18s.w.9.)
3 x 3% 2% 80p (18s.w.g.}
67 x 27" x 1 80p {18s.w.g.)

TELEPHONE: 01-723 5881

TYPE ‘U’ Chassis with base plate
T ; 4" x4 x 2 £1.75
L w o Price
6" x 67 x 3 £2.50
% ° 3 £1.a0 6 x 2 £2.50
4 a £1.75 8 x x o
4 x £2.20 TYPE'Y’
8 x 6" x 6 £3.00 Louvres on back
9 7 3 €325 8 x B x 6 £4.65
1 x x 7 £4.20 20 x 7w 7 £5.95
1 x x 6 £6.15 3 x 7 x 9 £6.90
x 9 £6.45 15" x 9 7 £7.40
L = side to side W =back 10 from D = 10p to bottom TYPE 7'
Type U has removable bottom or back Type w 177 X107 x 9 £8.80
removable front Type Y all-screwed construcuon Type 19" (10" x 8 £9.25

Z removable back and front

WW—03 FOR FURTHER DETAILS

DATEST 1

|

TRANSISTOR AND
OP. AMP. TESTER

Simplifies semiconductor testing
Saves time and errors

L

©

e

* Tests are automatic and unambiguous
* Tests devices in and out of Circuit

* Handles bipolars, FETs (all types). LEDs, diodes, op.
amps. (out of circuit only)

* Automatically displays device polanty and. for devices
out of circuit, device type

* Checks for gain, leakage. input offset
Price: including test probes, full instructions and delivery

——

o

-

DATES T

>

(UK only): £49 plus VAT (8%) Data sheet on request

DATONG ELECTRONICS LIMITED
Spence Mills, Mill Lane, Bramley, Leeds LS13 3HE
Telephone: Pudsey (0532) 552461

1@

|

|

Audio Connectors

Broadcast pattern jackfields, jackcords, plugs
and jacks.

Quick disconnect microphone connectors
Amphenol {Tuchel) miniature connectors with

coupling nut.

rirschmann Banana plugs and test prohes
XLK compatible in-line attenuators and

reversers.

Low cost slider faders by Ruf

Future Film Developments Ltd.
36-38 Lexington Street
London W1R 3HR

01-437 1892/3

WW—034 FOR FURTHER DETAILS

WW—035 FOR FURTHER DETAILS

FOR SEMI-CONDUCTORS

including Small Signal Transistors
Power Semi-conductors
TTL,CMOS,1.C.s
Linear 1.C.s
Signal and Power Diodes
Zener Diodes
Magneto Resistors
Hall-effect devices
Magnetic Proximity Switches
Onto-electronic devices, etc.

Go to

TO MAKE THE BEST OF

FOR PASSIVE COMPONENTS

including Plastic Film Capacitors

Electrolytics
Semi-precision capacitors
Transformers

Pot Cores

R.M. Cores

Ring Cores, etc.

Go to

THE PROJECTS YOU BUILD

THE OPEN DOOR TO QUALITY

It's the Electrovalue Catalogue No. 8 (4th edition
black and white cover) with completely up-dated
prices. 144 pages. well illustrated, 40p post free
with 40p voucher usable on orders for £5 or more.
Send for yours now and order in confidence

GOODS SENT POST FREE IN U.K.

FOR C.W.O. ORDERS. Keenly competitive piices
plus ATTRACTIVE DISCOUNTS and only best

quality goods

ELECTROVALUE LTD

(Dept. WW178) 28 St. Jude's Rd., Englefield
Green, Egham, Surrey TW20 OHB
Phone: Egham 3603. Teiex: 264475
North — 680 Burnage Lane. Burnage, Manchester

Phone: (061)432 4945

WW—u67 FOR FURTHER DETAILS

www americanradiohistorv com
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U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE

BSR HI-FI AUTOCHANGER
STEREO AND MONO £21.50 rou 75

Plays 12", 10" or 7' records, Auto ot
Manual A high quality unit backed by
BSR reliability with 12 months &
guarantee A C 200/250v
Size 13%2-11%in. 3 speeds
Above motor board 3%in
Below motor board 2Y2in
with Sonotone V100
magnetic cartndge

B.S.R. P128 with magnetc cartndge. Balanced arm
Cueing device Bras Compensator £24.50. Post £1

PORTABLE PLAYER CABINE1

Modern design Rexine covered
Vynair front grille. Chrome fittings

£4.50 Post 75p
Motor board cut for BSR or Garrard deck

Size 17 x 15 x 8in approx
HEAVY METAL PLINTHS

With PV C. Cover Cutout for mostB S R £6.50
or Garrard decks Silver grey finish Post £1 50
Model “A" Size 12%2 x 14% x 7%ain

Model B 'Size 16 x 13% x 7in £7.50
Extra large plinth & cover, teak wood base

Size 20" X 17%'' x 9'' £18.50. Callers only

BSR SINGLE PLAYER
Ideal replacement or disco deck
with cueing device and stereo
ceramic cartridge

£15.50
Post 75p

ELAC HI-FI SPEAKER . _—_..
| 8in. TWIN CONE feun

Dual cone plastic roll surround Large
ceramic magnet. 50-16,000 c/s. Bass
resonance 40 ¢/s. 8 ohm impedance

15wats RMS £ B Q8 pog 35p

SMITH'S CLOCKWORK 15 AMP
TIME SWITCH
0—6 HOURS £3.30 rost 350

Single pole two-way Surface mounting

with fixing screws Will replace existing

wall switch to gve light for return home

garage, automatic anti-burglar lights, etc

Variable knob. Turn on or off at fu!l or

intermediate settings. Brand new and fully
l guaranteed

TEAKWOOD LOUDSPEAKER GRILLES will easily fit to baffle

e — =
MAINS TRANSFORMERS ALL POST 50p

i board Size 10% x 7%in—45p.

R.C.S. “"MINOR" 10 watt AMPLIFIER KIT

This kit 1s suitable for record players. guitars, tape playback
electronic instruments or small P A systems. Two versions
available: Mono, £11.25; Stereo, £18. Post 45p Specification
10W per channel; input 100mV; size 9% x 3 x 2in. approx
S.A.E. details. Full instructions supplied AC mains powered

VOLUME 80 Ohm Coax 8p yd.
CONTROLS

5k(2 10 2MQ. LOG or LIN L/S
35p. D.P. 60p. STEREO L/S
85p. DP £1. Edge 5K S.P
Transistor 45p.

Ideal 625 and colour
PLUGS 10p. SOCKETS 10p.
LINE SOCKETS 18p.
OUTLET BOXES 50p.

ELAC 9 x 5in HI-FI '
SPEAKER TYPE 59RM £P3.3‘!,,5

This famous unit now available 1U watts, 8 ohm

E.M.I. 13" x 8in. SPEAKER SALE!

With tweeter and Ditto
crossover 10 watt. 15 watts,

3 ohm B 8 ohm L
£7.95 £10.50
Post 45p Post 65p
‘With tweeter and crossover

20 watt.

Bassres. 25¢.p s. £1 1 -50

Flux=11,000 gauss Post 75p

B8or 150hm. 2010 20.000 c p.s
Bookshelf Cabinet

Teak finish For EMI 13 x 8 speakers.

THE “INSTANT” BULK TAPE ERASER
AND HEAD DEMAGNETISER. Suitable for
cassettes, and all sizes of tape reels. A.C
mains 200/250V. Leaflet S A E 4-95
Will also demagnetise small tools  pog 50p

BLANK ALUMINIUM CHASSIS, 6 x 4—70p; B x b—yup,

10x7—£1.15; 12x 8—£1.35; 14 x 9—£1.50; 16 x 6 £1.45;

16 x 10—£1.70. ANGLE ALIL. 6 x % x %in —15p.
ALUMINIUM PANELS.6x 4—17p; 8x 6—24p; 14x 3—-25p;
10x 7—35p; 12 x 8—43p; 12 x 5—30p; 16 x 6-43p; 14 x
9—52p; 12x 12—68p; 16 x 10—~75p.

ALI BOXES IN STOCK. MANY SIZES

VARICAP FM TUNER HEAD with rircuit & connections £4.95.
TAG STRIP 28-way 12p.

TAPE OSCILLATOR COIL. Vaive type. 35p.

BRIDGE RECTIFIER 200V PIV Y2 amp 50p.

TOGGLE SWITCHESS P.30p.DPST 40p.DP D T 50p.
MANY OTHER TOGGLES IN STOCK

PICK-UP CARTRIDGES ACOS GP91 £1.50. GP93 £2.50.
SONOTONE stereo £2.00. SHURE M75 ECS £8.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt,

10 ohms to 50K 12p each

R.C.S. SOUND TO LIGHTKIT

Kit of parts to build a 3 channel sound to light unit
1.000 watts per channel.

Easy to build Full instructions supplied Cabinet £3.

£17

Post 35p

R.C.S. LOW VOLTAGE STABILISED
POWER PACK KITS £2.95

All parts and instructions with Zener diode,

printed circuit rectifiers and double wound Post 45p
matns transformer Input 200/240V a.c

Output voltages available, 6 or 7.5 or

Gor12Vdec. upto 100mA or less. Size 3 x 2% x 1%2in

Please state voltage required.
£3.35:

R.C.S. POWER PACK KIT

12 VOLT. 750mA Complete with printed

circuit board and assembly instructions Post 30p

12 VOLT 300mA KIT, £3.15. 9 VOLT 1 AMP KIT. £3.35.

R.C.S. GENERAL PURPOSE TRANSISTOR
PRE-AMPLIFIER — BRITISH MADE

Ideal for Mike. Tape. P U., Guitar, etc. Can be used with battery

9-12Vor H.T hne 200-300V d ¢ operation. Size 1% x 1% x

%in. Response 25c/sto 25ke/s 26 dB gain £1 45

For use with valve or transistor equipment
Full instructions supphed. Details S.A.E Post 30p

RCS DRILL SPEED CONTROLLER/LIGHT DIMMER KIT.
Easy to build kit. Will control up to 3.25 Post 35
500 watts AC mains. £ os 2
RCS STEREO PRL.AMF KIT. &1 parts 16 Tuild this pre-amp
Inputs for high. medium or low imp per channel, with volume ,
control and P.C Board. Can be ganged to make multi-way mixers

Post£1 00
30-14,500 c/s 12in double cone
woofer and tweeter cone together
with a BAKER ceramic magnet
assembly having a flux density of
14,000 gauss and a total flux of
145,000 Maxwells Bass resonance
40c¢/s Rated 25W NOTE 4 or 8 or
16 ohms must be s@_led
Module kit. 30-17.000 c/s with

tweeter, crossover £ 1 9 p oo

baffle
and instructions Post £1 60 each

Please state 4 or 8 or 16 ohms
G AKERS. Post £1 00 each
‘Group 25 ‘Group 35°  ‘Group 50/15°

30w £12.00 0w £14.00 1% £26.00

4 or8or 16 ohm 4 or Bor 16 ohm 8 or 16 ohm

r— —
BAKER LOUDSPEAKER, 12 INCH. 60 WATT.

GROUP sgé'lz. 4 OR 8 OR 16 OHM HIGH POWER

FULL RANGE PROFESSIONAL QUALITY

RESPONSE 30-16,000 CPS £21 .00

MASSIVE CERAMIC MAGNET WITH Post £1 60

ALUMINIUM PRESENCE CENTRE DOME

TEAK VENEERED HI-FI SPEAKERS AND CABINETS

For 12in or 10in speaker 20x13x12in £14.50 Post £2
For 13x8in or Bin speaker £8.50 Post £1
For 6'%2in speaker and tweeter 12x8x6in  £5.80 Post 75p
Many other cabinets in stock Phone your requirements

SPEAKER COVERING MATERIALS. Samples Large S A E
LOUDSPEAKER CABINET WADDING 18 wide 20p ft

_;EAKER MAJOR 12" £15.00

£2.95 Post35p

250-0-250v 70mA 6 5V 2A £3.45
250-0-250v 80mA. 6 3v 3 54 6 3V 1A or 5V 2A £4.60
350-0-350v BOmA, 6 3v 3 5A, 6 3V 1A or 5V 24 £5.80
300-0-300vV 120mA, 2x6.3v 24 C T . 5v 2A £8.50
220V 45mA 6 3V 24 . £1.75
HEATED TRANS 6 3V Y2 amp £1.00

3amp £
GENERAL PURPOSE LOW VOLTAGE Tapped outputs 2amp 3,4.5.6.8, 9

R.C.S. 100 watt
VALVE
AMPLIFIER
CHASSIS

tour inputs  Four way mixing, master volume, ireble and bass
controls  Suits all speakers This professional quality amplhifier
chassis is suitable for all groups. disco, P A . where high quality
power 1s required 5 speaker outputs A/C mains operated Slave
output socket Produced by demand for a quality valve amplifier
100V line output to order Send for leaflet
Suitable carrying cab £16.50 prce £94 carr £2.50

FRINGE LOW 10sS 15 ya. -

10,112,156, 18 25and 30V £5.30
lamp 6 810,12, 16,18, 20 24, 30. 36 40 48,60 £5.30
2amp 6.8.10 12, 16 18, 20, 24, 30. 36, 40 48, 60 £8.50
3amp 6,8.10.12 16, 1 0. 24 30. 36. 40. 48. 60 £11.00
Samp 6.8.10 12,16, 18, . 30. 36. 40, 48, 60 £14.50
T2v 100mA o 20V. 40V, 60V, 1 amp €3.50
12V, 760mA 12V 300mA £1.00
20V. 3 amp 10V 30V 40V, 2 amp £2.75
30V Sampand 17v-0-17V 2amp 40v. 2amp £2.95
£3.45 20V 1t amp £2.20
0 5.8.10 16V Y% amp £1.95 20V-0-20V 1amp £2.95
20V Y2 amp £1.75 30v-0-30V. 3 amp £7.00
20v 3 amp £2.50 20f 18V, 6amp £11.00
30V 1% amp £2.75
AUTO TRANSFORMERS 115V 1o 230V or 230V to 115V 150W £5.00
250w  £6.00. 00w £7.00 500w £8.00
FULL WAVE BRIDGE CHARGER RECTIFIERS
6 or 12V outputs 1% amp 40p
2amp 1£2) ooooonomanmanaacEaoooOS00aa 0 4 amp £1.00
CHARGER TRANSFORMERS 1Y; amp £2.75
4 amp £6.80
12V, 1% amp Half Wave Selenium Rectifier 25p
R.C.S.
BOOKSHELF
=
SPEAKERS
13 x 10 x 6in

5010 14.000 cps
8watts rms 4, 8 or 16 ohms

£16 pair rosie1 30 “

GLOBAL SPEAKERS £3.95 ea.

These little marvels of modern sound reproduction are ideally
suited for today’'s domestic audio set-up. Two of these smart
spheres, each with 5 watt deep throated ceramic magnets. will
produce superb stereo reproduction.

The globe shaped cases in high gloss mouldings of red and
green, are fimished with chrome frontal tnm and provided
with screw-on rubber inset protective bases In addition, 2%
metres of strong iead -
already fitted with phono
plug is supplied.
Frequency Response
100-20,000 Hz
Impedance- 8 ohms

Power Capacity’ 5 watts

e

i

LOW VOLTAGE ELECTROLYTICS
1.2.4,5,8 16, 25. 30, 50, 100. 200mF 15V 10p.

500mF 12V 15p; 25V 20p; 50V 30p;

1000mF 12V 17p; 25V 35p; 50V 47p; 100V 70p.

2000mF 6V 25p; 25V 42p; 420mF/500V £1.30

2500mF 50V 62p; 3000mF 25V 47p; 50V 65p.

3900mF 100V £1.60. 4700mF 63V £1.20. 2700mF 76V £1.
5000mF 6V 25p; 12V 42p; 35V 85p; 5600mF/ 76V £1.75
'MANY OTHER ELECTROLYTICS IN STOCK

SHORT WAVE 101pF air spaced gangable tuner. 5p
TRIMMERS 10pF. 30pF. 50pF. Bp. 100pF, 150pF. 15p.
CERAMIC, 1pF to 0.01mF. 5p. Silver Mica 2 to 5000pF. 5p.
PAPER 350v-0 1 7p; 05 13p; TmF 150V 20p; 2mF 150V
20p; 500v-0 001 to 0.05 5p; 0 1 10p; 0 25 13p; 0 47 25p.
MICRO SWITCH SINGLE POLE CHANGEOVER 20p.
SUB-MIN MICRO SWITCH, 25p. Single pole change over
TWIN GANG, 385 + 385pF 50p; 500pF standard 75p;

365 + 365 + 25 + 25pF Slow motion drive 65p.

120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p.
NEON PANEL INDICATORS 250V. Amber or red 30p.
RESISTORS. %W. 2W. 1TW. 20% 2p; 2W. 10p; 10(} 1o 10M
HIGH STABILITY. '2W 2% 10 ohms to 6 meg . 12p.

Ditto 5% Preferred values 10 ohms to 10 meg.. 5p.

ELECTRO MAGNETIC !
PENDULUM MECHANISM

1 5v dc operation over 300 hours continuous on SP2

battery. fully adjustable swing and speed Ideal displays,
teaching electro magnetism or for
metronome. strobe, etc. 95p Post 30p

Horn Tweeters 2 16kc/s. 10W 8 ohm or 16 ohm £3.60

Oe Luxe Horn Tweeters 3-18kc/s. 30W. 8 ohm. £7.50.
CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm
£1.90. 3-way 950 cps/ 3000 cps. £2.20.

LOUDSPEAKERS P.M. 3 OHM 7x4in £1.50; 6'2in £1.80;
8x5in . £1.90; 8in £1.95.
SPECIAL OFFER: 80 ohm 2%in
ohm. 2%ain., 3in. 5x3in. 7x4in. 8 ohm. 2¥ain, 3in Yo
Sin. 15 ohm. 3%in  da. 6xdin. 7xdin 5x3in
3 ohm, 2%in., 3%an.. Sin. dia. £1.50 each.

PHILIPS LOUDSPEAKER, 8in , 4 ohms. 4 watts, £1.95
RICHARD ALLAN TWIN CONE LOUDSPEAKERS

8in diameter 4W £2.50. 10in diameter 5W £2.95;

12in diameter 6W £3.50. 3/8/15 ohms, please state

PIEZO ELECTRIC HORN TWEETER. Handles up to 100
watts No crossover required £7.95.

2%wn . 35 ohm 3in 25

Iweeter Volume Control 15 ochms 10W with one inch long
threaded bush for wood panel mounting % in spindle. 85p.
BAKER 150 WATT ; 1
PROFESSIONAL
MIXER AMPLIFIER

All purpose trangistorised
Ideal for Groups. Disco

and PA 4 inputs speech .and music 4 way mixing
Output 4 8/16 ohms ac Mains Separate treble and
bass controls. Master volume control

Guaranteed Details S A E £75 £1 50carr
100 WATT DISCO AMPLIFIER

volume, treble. bass controls 500 M V or 1 volt input
Four loudspeaker outputs 4 to 16 chm Al transistor

GOODMANS COMPACT
12-INCH BASS WOOFER

Standard 12in diameter fiung with

cutsides 10% square. 14 000 Gauss

magnet 30 watts R M.S 4 ohm imp

Bass resonance = 30 cps

Frequency response 30-8000¢ p s.
£10.95 each Post £1

ALUMINIUM HEAT SINKS. FINNED TYPE.

Sizes 6%2'" X 4% X 2%’ 95p. 62" X 2'' X 2'4'* 65p.
BALANCED TWIN RIBBON FEEDER 300 ohms. 5p yd.
JACK SOCKET Std. open-circuit 20p, closed circuit 25p;
Chrome Lead-Socket 45p. Mono or Stereo.

Phono Plugs 8p. Phono Socket 8p.

JACK PLUGS Std. Chrome 30p; Plastic 25p; 3.5mm 15p.
STEREO JACK PLUG 30p. SOCKET 25p.

DIN SOCKETS Chassis 3-pin 10p. 5-pin 10p.

DIN SOCKETS FREE 3-pin 25p; 5-pin 25p. DIN PLUGS
3-pin 25p; 5-pin 25p. VALVE HOLDERS, 10p; CANS 10p.
TV CONVERGENCE POTS 15p each
Values = 6.7, 10 20. 50 100. 200 250. 470. 2000 ohms

£59

MONO PRE-AMPLIFIER. Mains operated
sohid state pe-amplifier unit designed to comp-
lement amplifiers without low level phono and
tape input stages. This free-standing cabinet
incorporates circuitry for automatic R.I A.A

equalisation on magnetic phono input and
N A B. equabsanon for tape heads Power
ON/OFF, PHONO/TAPE switches and pilot
lamp are on the front panel. phono socket input -
and output are rear located

£4. 50 each or £8 pair. Post 50p

RADIO COMPONENT SPECIALISTS 2 sreionst noas, snovooy

Radio Books and Components lists Z0p. {Minimum posting charge 30p.) Cash prices include VAT, {We P

01-684 1665

www.americanradiohistorv.com

ycard. Phone your Order) Tel.
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T ; P T
'LYNX ELECTRONICS (London) LTD REGULATORS | SUPER SAVERS CLOGK CHIPS | pispuAvs
. . MM5314  3.2B
;ggs ?123 SG309K 0.95 | .Mm5316 385 | CLASSII "
92 Broad Street, Chesham, Bucks. Tel (02405) 75154 2812 150 W?%}‘é gg: ::!2153?3’.".1 pog . 38
. P 7815 1.50 d -5:40070 9.
VAT 8% except * which are 12V2% Return Post Service | 7212 150 | 11500 iva 16 SOCKETS | 77 1.80
. . T LM309K  0.95 8 Pin 013 3
P&P 30p. Overseas 90p. Matching 20p per pair New Price List 20p | 4ol  vas | 2EEAR 030 | vaen  0na | 3Em. 020
. M340.12  1.35 . g ‘0. .
Prices correct at 31st October 1977. IM36012 138 | FCSB000 3% dign display €285 | 38 B0 G048 | 2Cex oo
- LM340-18  1.35. FCS8024 4 digit displa £3.50 10 P .80 :
ACCESS & BARCLAYCARD WELCOME gy om0
TRANSISTORS T THYRISTORS
TAC126 045 BC182 0.1;' BDY60 1.70 gg;gg :.:g' 2N29260 o.oﬂn' CMOS- L 7400 SERIES My W MR A 6h BA 1A ll;;n
16 BC182L 0.2 1.6 .60" 2N2926R  0.10™
A7 ode BCien  8IZ sove 188 201 1S5 VSR B0 PLASTIC | 7ac0 0.8 450 055 |y G G50 G e o ‘oo 080’ 144"
‘aC128k .0.25 B8C183L  0.10° Bpy9s 214 BU206  2.40° 2N2926G 0.10° 4000BE  0.20 | 7401 0.16 7482 0.75 | g g4 060 050 045 038 083 038 140
1 0.2z BC184 0.11" BDY96 4.96 BU20B 2.860° 2N3053  0.20  4001BE 020 | 7402 0.18 7486 0.32 500 065 085 070 - 109 119 128 1.80
AC141K 03§ BCi84L  0.12° BDY97 2.45 MJ4BO 0.80 2N3055  0.50  4002BE 020 | 7403 0.1 7489 2.80 BT106 81107 87108 BTI109 BTG 2N3525
(AC142 0.18 BC186 0.20° grq79 0.30 MJ481 1.05 2N3137 110 4006BE 1.05 | 7404 0.18 7490ANO0.49 £1.00 £1.60 £1.60 £1.00 £1.00 £0.50
aC142k  0.32 BCi87 0.248° gr180 0.30 MJ3a90 0.90 2N3440  0.58  4007BE 020 | 7405 0.18 7491ANO.85
AC176 0,16 BC2078 012" gpygy 0.30 MJ491 115 2N3a42 1.20  400BBE 083 | 7408 0.18 7492 0.87
AC176K 0.32 BC212 0.41° gpig2 0.30 MJE340 0.40 2N3570 3.860 4009BE 0.52 7409 0.18 7493 0.45 . .
AC187 018 BC212L 0.2 gryg3 030 MJES20 045 2N3702 010" 4010BE 062 | 7410 0.16 7454 0.85 | TRIACS — Plastic T0-220 Package Isolated
aC187Kk 036 BC213 012" grygy 020 MJES21 . 0,55 2N3703 010" 4011BE 020 | 7412 0.25 7495 0.67
AC188 0.18 BC213L 0.14° grqgsg 0.20 0C43 0.95 2N3704 090", 4012BE 0.20 7413 0.40 7496 0.82 Tab
ACI1B8K  0.32 8C214 0.14° - grigy 010" 0Ca4 032 '2N3705 0100 4013BE 080 | 7414 ©0.72 74100 1.07 “ ™ ™ ™ ™
"AD149 0.80° BC214L 035" grqgg 0.12° 0C45 032 2Nn3706  0.10°  4014BE 100 | 7417 0.43 74107 0.35 TR R SRR
AD161 0.35 BC237 0.18" ggy97 0.12° 0C46 0.20 N3707  0.10°  4015BE 0.5 | 7420 0.18 74121 '0.34 (Y Ued 080 070 070 078 078 083 083 101 101
A oas BC23s o poodl G1ZoCo 030 2ngjos 008 a0ieRe 084 | 7425 030 74122 047 | oy ogs 064 075 075 G7 087 07 L0 L7 L1
AF114 020 BC300 038 pgpoiy gy OCT 035 2N3709 009" 4017BE 100 | 7427 030 4123 0.85 | sy g77 g7s o0 083 037 101 113 118 170 476
AF115 0.20 B8C301 032 grogy 0.30 0C72 022, 2N3710  0.107  4018BE 110 | 7430 0.16 74141 g.n 50V 096 088 101 110 1.21 V26 142 150 211 247
AF116 0.20 BC302 040 pr33g 0,35 OC84 040 2N3711 0.10° 4019BE 0,50 7432 0.28 74145 0.68 N.B. Colum (3] withosl interaal irigger (bj wita intarsal irigger
AF117 0.20 BC303 0.48 op335 032 0C139 1.30 2N3715 1.70 4020BE 1.12 7437 0.30 74154 1.30
AF118 050 BCY30 055 graag 025 0C140 130 2N3716  1.80 4021BE  1.03 | 7441aN0.76 74164 0.93
AF124 0.25 BCY31 0.55 prwa0 1.25 %%1279% g.ﬁ‘ 2n3771 1.60  4022BE 095- | 7442 0.86S ;1‘63 ?.:g K
AF125 0.25 BCY32 0.60 44° 783772 180  4023BE  ©0.20 | 7445 0.90 174 1.
'AF126 928 :ggg g-:: %Ea%f’; 3'§2 ;:Eg?: g-::' 2N3773 210 4024BE 086 | 7447aN0.81 74178 ?.:: %% % SPECIAL OFFER SECTION * -
AF133 35 . 026 .54 5N3g19  0.28°  4025BE 020 | 7448  0.81 . s T0-18 NP RECTIFIERS 00-4
aF239 037 BCvas  oso SFX28 D20 vesaa  0.84 3ni3,7 g0 s026BE 186 | 7470 0.32 74181 2.79 e B A
AL102 145 BCY39 1.15 . TIPAA 0.68 402 7BE 0.62 7472 0.26 74191 1.33 NPN TO-3 POWER
BFX84 0.23 2N4348  1.20 - Medium voltage 10A 50V 0.45.
AL103 1.30 BCY40 078 TIPA2A 072 . 402888 091 | 7473 0,30 74192 1.20 | TRANSISTORS
3.30° BFX85 0.25 2N4870 0.35' . High Gan Type Piease specify
ADLOT 30: BCvaz 030 BFXB5 028 on40a 040 Sysg;y 035t 40298E 110 | 7474 0.32 74193 1.38 | fuly tested but  Hign Ban Type RS BV 0.50.
AUI1O  1.75" BCY54 1.60 B2rX86 025 NG 020 JNiols  ogor 4030BE 058 | 7475 0.7 14194 1.20 | unmarked Simiar  urmatked S o
AU113 1.60° 8CY70 012 5EX8] 030 2N697 020 5N4919  0.70° 4041BE 080 | 7476 0.36 74196 1.64 | to 2N3055 except 5pes | £1.20 10A 200V 0.0
BC107 0.12 BCY7! o018 BIXA8 020 on106 018 2Na020  0.50° 4042BE  0.83.|" BVCED = 50+ N s G o
S‘é}?,gs 8':: =3 %‘1525-3“1\ 110 2N113] g':: 214927 0 0§ 0T 1EE I, 00 . ”FEa‘ga‘"\’,& N 70-3 HARDWARE 10a 400V 0.75.
5 1 H ¥ N1132 b K 4044BE 094 at a d A -
Bt B sour S emoawie e TUU MU OMGR YR LUNEARLCs | [ R TR e
g - 4049BE X s g
BC1088 012 80135 o036 Sval 090 2ni30a  oas — 20508 054 |10ia  oarr | 25Tees  £ag0  Bot o Supples Inverters
BC109C  0.15 BD136 0.39" grool 018 2N1305 045 BT 40698 0.30 307 " MC1352P 0.75° | 60 pcs  £7.50 g
Bg||7 g;: BD137 0.40° oo 0) 918 an1308 050 (oo Srme 4070BE 050 320 g::_ x(é‘:igé'l: g;? 100 pes £13.00
BC119 .26 BD138 048" o 26 2N1307  0.50 2071BE  0.26 ¢ .
8126 038 o135 ose BYS3 028 SUiios oo WAt 0P o7oee 026 | o 180 MCI496L 087 |  grgrge 'S S 3
BC126 020 gpiaa 220 BEYBE 038 Suingg oo vt 2OP Gogipe 020 [3900 Q7 A%SR0 228
BC120 032 gpi57 o060 BrY90 090 551711 024 t0828E 028 | 199 035 SAS570 225
BC141 0.28 D181 0.88 83"19 936 an2102 044 asi08E 142 |48 R 00N 18
sciaz 023 ois2 082 gG0 GG 2n2217 0.3 asiiBE  1s0 | 148, 935 TaAdi0 138 | MEMORIES_  DIODES 0a90 0.
8C143 023 gp1g3  0.87 20 2n23ee 014 280 35168 135 | Neoo> 200 TaARTiBI2 S OA91 ol
BC147 0.09° D184 1.20 B8SY52 028 2n2369a 0.14 4518BE  1.25 | Nesee . 1.50° 125 | 21024.63.80 BYX38 04200 0.
B8C148 0.09° BD232 0.60 23%3 8-3; 2N2483 0.20 program- 45208t 120 | \ecp7 2000 TAABE1 065 2112A-48.75 300 0.50 N914 0.
BC149  0.09° BD233 048 B5vod 033 on2dsa  0.18 ) NEoer oo TaAd0l  05a. | 6sos  7les 500 085 IN40O1 O,
8C1s7 009 BD237 055 BSYSS D70 2N2ee  0.50 ming |83 035 Teasaga 1so-| 2102 2:50 900 0.60 1IN4002  O.
BC158 0.09" BD238 0.60 BSY6 2N2711 0.20 Manual (| G3008  Oae Toasid o | 2107 10.00 1200 0.65 IN4003 0.
BE STED O R ol Al G Only £3.50  Aleosveilebie R ap 180 ToacoO  bes | 2112 8lso  BIXB1 Serwes IN4002  O.
BETBT o038 oDVI0 150 BU105/02 1.80° 2N2905 018 ViEs Popular valves MC1307P 0.85' TCA2705Q dig Ly 026 N4005 O
e, 033 Boviy 200 Buloe 300" 2n2a0sa 022 Post free  Potentiometers | MCI310P 0.95° 195 | 2602 2.50 62x@3 Seres .11 IN4006 0.
BC169 0.12° BDY20 0.80 BU109 2.50° 2N2906  0.18 and electrolytics | MC1351P 1.20° ZN414 0.85 S;Avgg e LK IN4|4£ 004
BC169C  0.14° BDY38  0.60 BU126  1.60° 2N2025  0.147 , .

DIV HIF

Better instruments. F"°m 'he USA

L ]
Beuer serVIC& totally dedicated to good sound for the do-it-yourself

audiophile. TAA’s thoroughly tested construction articles range

We have established a nationwide netwaork of approved from simple overload indicators to hand-made electrostatic
service organisations to deal with the repair and speakers with thir own direct drive power amplifiers to mixers
maintenance of our instruments. Every repair is backed and much, much more. Our authors include Reg Williamson, B.
by a fuli12 month guarantee. Here's where to find them. J. Webb, and Alan Watling.

ENGLAND London Instrument Repair Centre, Acton Lane. Chiswick,
London W4 5HJ Trade Reception: Cunnington Street Tel- 01-995 9212

s scsessssesssssessesn oo sey

Subscribe now

1
London Instrument Repair Centre, Archcliffe'Road, Dover, Kent. Fill in the coupon, enclose cheque or money order payable to ]
Tel: Dover (0304) 202620 : The Audio Amateur and send to TAA Dept. WW1, Yellow Oak ona
Farnell International Instruments Ltd. Sandbeck Way, Wetherby. § Cottage, Tillington, Nr. Hereford HR4 8LQ. 1 satisfaction
West Yorkshire L522 4DH. Tel- wetherby (0937) 3541 1 O Enter my subscription to TAA for one year/four issues for ! guaranteed
T.ER Instrumemnts Ltd..Peel Lane, Astley, Manchester M29 7JH. 1 £3. : basis
Tel: Atherton (05234} 2275 or 561 1o t to ki | enclose 75p plus 25p | t
Midlands Instrument Repair Centre, Thorn Automation Ltd . 1 for avsv:;\pcg is'éﬂg ng;:A::Io?r:aroZr? e 2op for postage : or send for a
Armitage Road, Rugeley, Staffs. Tel: Rugeley (08894) 5151 1 O Sendt XZ REE
1 end free prospectus. escriptive
SCOTLAND Falcon Electronics, 92 High Street, Johnstone, Scotland ] 1 folder.
Tel: Johnstone (0505} 23377 § Name '
1
1
WALES Electro Services, 25 Chepstow Road. Newport. Gwent NPT 8BX 1 §nm § Rates for other areas
Tel: Newport (0633) 211243 : Town— ) _County 1 ga}iilatg%frgrg)(n??g office
] Post Code i Peterborough N.H. |
§ These rates are tor the U.K. only. 1 03458 USA. o /
e o o o G G G G G OGN G5 G5 G5 G5 G G 6N G 0N O G5 &N & . 1

The manufacturers' ioint service organisation.
WW—041 FOR FURTHER DETAILS
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hdvll ELECTRONICS (LONDON) LTD.
NASCOM 1

Microcomputer for the Hobbyist

HARDWARE FEATURES:

SUPPLIED IN KIT FORM FOR SELF-ASSEMBLY

FULL DOCUMENTATION SUPPLIED

INCLUDES PRINTED CIRCUIT BOARD

FULL KEYBOARD INCLUDED

INTERFACES TO KEYBOARD, CASSETTE RECORDER & T.V

2K x 8 RAM

1K x 8 EPROM MONITOR PROGRAM

POWERFUL Z80 CPU

16 LINE x 48 CHARACTER DISPLAY INTERFACE TO STANDARD, UNMODIFIED T.V. SET
ON BOARD EXPANSION TO 2K x 8 EPROM

ON BOARD EXPANSION FACILITY FOR ADDITIONAL 16 LINES 1/0
TOTAL EXPANSION TO 64K x 8 MEMORY

TOTAL EXPANSION TO 256 INPUT PORTS AND 256 OUTPUT PORTS

SOFTWARE FEATURES:

* 1K x 8 'NASBUG’' PROGRAM IN EPROM

* PROVIDES 8 BASIC OPERATOR COMMANDS INCLUDING SINGLE STEP

* EXPANDABLE SOFTWARE SYSTEM VIA ADDITIONAL USER PROGRAMS IN RAM OF EPROM

LR b b 2 2 B B b b b I

ACCESS £197.50 {ex VAT) BARCLAYCARD
Phone or write for details:

92 BROAD STREET, CHESHAM, BUCKS. TELEPHONE (02405) 75154

A. MARSHALL (LONDON) LTD., Dept W W
4 o LONDON — 40-42 Cricklewood Broadway, NW2 3ET
Tel: 01-452 0161/2. Telex: 21492
& 325 Edgware Road, W2 Tel. 01-723 4242/3 ]
, GLASGOW — 85 West Regent St, G2 2QD. Tel: 041-332 4133
BRISTOL — 1 Straits Parade, Fishponds Rd., BS16 2LX
Tel: 0272 654201
n [ Mon Fri 9 Sat Trade and expo welcome

NEW CATALOGUE 77

2nd edition for Autumn with over 8,000 line items. Plenty of new products and ideas. 35p post paid (25p
10 calless)

Our range covers over 8,000 items. The largest selection in j POPULAR SEMICONDUCTORS (A very small selection from
Britain. Top 200 ICs, TTL, CMOS & LINEARS. our vast stocks, please enquire about devices not listed.)

CA30204 2.29 1 M387N 1.05 |SN7B003N  2.20 | TBA500Q 2.30|C04008 1.10| TiC47 0.67 AF139 y 2N698 062 | 2N2923 0.14 | 2N363BA 0.16 | IN3906 0.22 , IN5457 .32
CA3028A 1.01 | |M388N 0.90 |SN76008K 1.50 | 1BAS10 2.21[C04009 0.64 | BST0246 1.35 AF239 X 2N706  0.28 | 2N2924 0.15.[ 2N3662 0.23 | 2N3962 0. 2N5458  0.33
CA302881.29 | |M389N 1.00 [SN76013N  1.30 | TBA510Q 2.30|C04010 0.64 | BRIDGE ASY28 . IN718 . 2N2926G 0.15 | 2N3663 0.26 | 2N4058 0.20 | 2N5485 ©0.38
CA3030 1.35 [ (M702C 0.75 |[SN76013NO 1.50 | TBA52Q 2.21|C040t1 0.24 | RECTIFIERS ASY56 Y ING1a y 2N2826Y 0.15 | 2N3702 0.13 | 2N4060 0.20 | 25703
CA3036 1.10 | (M709C ©0.65 |SN76018K  1.a5 | TBA520Q 2.30|C04012 0.24 ['B40C1600 0.48 aci1e 20.| 2n929 ¥ 2N3019 055 | 2N3703 0.15 | 2N4122 028 | 25702
CA3045 1.40 | (M709N 0.45 [SN76023N  1.45 | TBAS30 1.98[C04013 0.60 | PWOOS 0.84 y 2N930 b 2N3053 0.26 | 2N3704  0.15 | 24123 .17 | 40332
CA3046 0.88 | LM710C 0.60 |SN76023NO 1.26 | TBA530Q 2.07|C04014 1.15| PWO1  0.86 . 2N1132 0. 2N3055 0.70 | 2N3705 0.15 | 2N4125 07
CA3048 223 [ |M710N 0.60 [SN76033N  2.20 | TBA540 2.21(C04015 1.15 [ PW02  0.88 X ON1483 1. 2N3108 0.60 | 2N3706 0.16 | 2N4250 0.24
CA3049 1.80 | LM723C 0.85 |SN76110N  1.18 | TBA540A2.30 | CO4016 0.64 | PW04 0.98 N IN1613  O. 283133 0.45 | 2N3707 0.18 | 2N4266 0.20.
CA30521.62 [ LM723N 0.75 [SN76115N 151 | TBA5503.13|C04017 1.15| PWOB  1.18 7 b 2N1711 0. 2N3392 0.16 | 2N3708 0.13 | 2N42B4 0.35
CA30530.60 | LM741C 0.65 {SN76116N  1.66 | TBA5500 3.22 | DIL SOCKETS | K005 2.10 3 ON1893 0. 2N3393 0.15.) 2N3709 0.15 | 2N4286 0.20
CA30800.75 | tM741N ©0.40 [SN76131IN 1.20 | TBA560Q 3.22]8 pn 0.15 | KO! 2.16 N 2N2060 N 2N3417 0.40 | 2N3710 0.16 | 2N4288 0.20
CA3080A1.88 | LM7141.80.40 |SN76226N 1.586 | TBAS70 1.29|14 pin 0.16 | KO2 2.48 i 2N2219 O, 2N3439 0.88 | 2N3711 0.16 | 2N4403
CA3086 0.60 | LM747CN 0.90 |SN76227N  1.20 | TBA570Q 1.38{ 16 pn  0.18 | KO4 3.12 .14.| 2N2221 0.25 [2N344) 0.85 | 2N3771  1.95 | 2N4822
CA3088 1.70 [ (M7488 0.55 {SN76228N  1.41 | TBA641Q 2.70 |18 pn  0.27 | KO 3.86 N 2N2222 O 2N3553 299 [ 2N3773 2.90 | 2N4916
CA3089 252 | M748N 0.56 |SN76530N 0.75 | TBA651 2.20{22 pn 030 | BY164 057 ¥ 2N2222A 0.25 | 23565 ©.20 | 2N3794 0. 2N5129
CA3090 4.00 | LM1800 1.76 |SN76582N  1.40 | TBA700 1.62[24 pn  0.35 b 2N2368 0.25 | 2N3566 0.20 | 2N3819 O. 2N5192
CA3130 0.98 | (M1808 1.92 |SN76533N  1.20 | TBA700Q 1.61|28 pn  0.45 b N2369  0.25 | 2N3567 0.20 | 2N3854A 0. 2N§222
LM307A ©0.67 | LM1828 1.75 [SN76544N  1.44 | T8A702Q 2.30|40 pin 0.55 | RAMS b 2N2646 0.75 | 2N3571 3.70 | 2N3856A O. 2N5245
LM307N 0.40 | |M3307N 0.85 [SN76545N  1.65 | TBA750 1.98 | TRIACS MM2101-2N  3.00 6 y 2N2905 0.37' | 2N3572 350 | 2N3859A 0. 2N5447
LM304  2.45 | {M3302N 0.85 |SN76546N  1.44 | TBA750Q 2.07 | Plastic MM2102:2N  2.10 7 2N2906 0.28 | 2N3638 0.16 | 2N3905 oO. 2N5449
LM307N 0.6 | (M3401N 0.70 [SN76550N  0.35 | TBABOO 1.25/( 400V 6A 0.70 |MM2111.2N  3.00
LM308N 0.85 [ M3900 0.75 [SN76552N  0.52 | IBAS10 1.25|400V 8A 0.75 mm%g;o'vn 1;.2(71
LM309K 1.85 | (M3905 1.60 |[SN76570N  1.65 | TRAB20 1.25| 400V 12A0.85 4 b
LM317K  3.00 | |M3909 0.68 | SN76620N  0.90 | TBA920 2.90 [ 400V 16A1.10 SPECIALIST CONSUMER
LM318N 2.26 | MC1035 1.75 [SN76650N  1.10 | TBA220Q 2.99 | 400V 20A1.70 HOMS
LM323K 6.46 | MC1327P 1.54 |SN76660N  0.60 | TBAS4O 1.62 | 400V 25A2.00 MM5214 26.95 NEW CATALDGUE
ngzgu 1.40 | MC1330P 1.00 smgseen 0.92 [ TCA160C 1.85 | THYRISTORS .
LM348N  1.50 | MC1350P0.90 | TAA310A 1.00 | TCA160B 1.61] Piastc
LM360N 2.75 | MC1352P1.10 | TAA320A  1.00 | TCA270 2.25|100v 4A 0.35 ;R(;‘r;nsszm ..24 Stocking Distributors Officially Appointed
LM370N  2.50 | MC1133G 3.30 | TAAS21 1.00 | TCA280A 1.30| 200V 4A ©0.40 DM 2
M371H 1.70 [ MC1435G2.00 | TAAS22 1.90 | TCA290A 3.13| 300V 4A 0.44 |MM5204Q  10.95 o NATK;NAL o V:Frg
LM372N  1.70 | MC14371 2.00 | TAA550 0.60 | TCA420A 1.84 | 100V 4A 0.49 |MM1702AQ 10.80 @ TEXA @ A X
ngnu 2.80 | MC1439G 1.60 | TAAS60 1.75 | TCA730 3.22 1ogv gA 0.43 { MM2708Q  35.00 ® MULLARD @ ELECTROLUBE
LM374N 3.10 | MC1445G1.96 | TAA570  2.30 [ TCA740 2.76 | 200V BA 0.48 -
LM377N 1.75 | mMC1455G1.70 | TAAG1 1B 1.85 [ TCA750 2.30 {300V 8A 0.56 | SC/MP CHIPS ® SIEMENS ® SIFAM 1) ) with over
LM378N 2.25| NE555 0.40| 1AA621  2.15| TCA760 1.38|400V BA 0.62 | P Channel  12.00 ® SESCOSEM ® ARROW HART o v_:‘p i 8500
tM3795 3.95| NES56 1.10 | TAAG61B 1.50 [ TCABO0 3.13| 600V 8A 0.74 { N Channel  10.00 ;
LM380-8 0.90 [ NESE5  1.30 | TAA700 3.91 | UAAI70 2,00 | 100V 1240.57 MAKES COMPONENTS BUYING EASY LINE ITEMS
LM3BON 0.98 | NE5E6 1.65 TAA938A 1.30 | UAA180 2.00 :;g- 2A 0.65 | 8BOBO 8 BIT
LM381AN 2.45 | NES67 1.80 | TAAS30B 1.30 | CO4000 0.24 | 300V 124 0.73 | CHIPS —
LM3B1N 1.60 | SAS560 2.50 | RAD1DO 1.95 | CD4001 024 | 400v 124 0.81 | INSBOBOA  23.a5 B WHY NOT PAY US A VISIT AT OUR NEW CENTRAL LONDON BRANCH AT 325
LM382N  1.25 | SAS570 2.50 | TB120 0.75 0.24

2.00

(M3BiN 145 | S0azp- 138 18A00 200 | CDs0s a4 T 4a o4 ! oreiZay it EDGWARE ROAD. W2. ABOUT 100 YARDS NORTH OF THE WESTWAY
LMIB6N 0.80 SN7600IN1.30 TBASOO 221 CD4007 0.24 TIC 46 035 0rszi2v 308 FLYOVER. EXTENSIVE STOCK RANGE. MANY SPECIAL OFFERS TO

"WHAT IS ‘A MICROPROCESSOR?” A COMPLETE TEACH YOURSELF PERSONAL SHOPPERS ONLY.
COURSE .WITH CASSETTES + BROCHURE — £9.95 INC. OF VAT & P&P Prices correct 24 Nov , 1977, but please add VAT. p&p 40p
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THE

baker

QUALITY

150 watt mixer:

amplifier

@ All purpose Bass, Lead. Rhythm Guitars. Discotheque.
Vocal, Public Address. etc

@ Amplifier “Mains switch’ for instant sound or muting.

@ Three loudspeaker outlets for 4, 8 or 16 ohms operation

@ Four high gain inputs, each 28 mv, 50K ohm for full
output.

@ Individual volume controls with “"Four channel”” mixing
facilities.

@® 150 watts into 8 ohms. R M S. Music Power (Not Peak
or American).

@ Distortion less than 1% at fuII output.

@ Slave output 500 M.V, 25 K.ohm.

@ Accepts loudspeakers from 4 ohms upwards. Standard
jack sockets.

@ Frequency Response 25 Hz — 20kHz * 3dB. integral Hi
Fi preamp.

@ 32dB. Variation on wide range separate Bass & Treble
controls.

@ Fully Short and Open circuit proof, electronic and
fused.

@ Compact — 16" x 8'' x 5'2'’ approximately.

@ Lightweight — Only 14lb. — approximately: White
wording on Black facia.

@® Made in England. 12 months’ guarantee. 200/250v
A.C. mains. 120V to order.

@ All transistor and solid state devices.

Baker Loudspeakers Limited

NEW! Star soun

A high power full range quality loudspeaker
produced to give exceptional reproduction.
Ideal for electronic guitars, organs, public
address or
discotheques. This
loudspeaker is
recommended where
high power handling is
required with quality
results. The high flux
ceramic magnet
assembly ensures clear
treble response so
necessary for today's
musician.

GROUP 50/12 inch

Voice Coil Impedance 4 or 8 or 16 ohms
Maximum Power 60 watts (120 watts U.S.A)

Bass Resonance .. .............. 55c.p.s.
Useful Response .. ....... 30-16,000c.ps.
Flux Density . ............... 15,000 lines
VoiceCoil . ... ... .. ... ... 1%'/38 mm

Overall diameter
Overall depth

4%'/120 mm

Fixing holes diagonal . ... . ... 137330 mm
Baffle aperture . ... ... ... ... 1177280 mm
Nettweight . .............. 101bs/4.5 kg.

337 Whitehorse Road,

GROUP 25 12 inch

Voice Coil Impedance
Maximum Power

4 or 8 or 16 ohms
30 watts (60 watts U.S.A))

. Bass resonance .. ... ... ... 55¢c.p.s.
Usefu! Response . ... .. .. 30-13,000 c.p.s.
Fluxdensity .. ... ......... 12,000 lines
Voice ¢oil .. ... 1% /38 mm

12%'"/7310 mm
4%'/120 mm

Overall diameter
Overall depth

Fixing holes diagonal’ 137330 mm
Baffle aperture . . ........... 117280 mm
Nettweight .. ............. 51bs. /2.3 kg.

GROUP 35 12 inch

Voice Coil Impedance
Maximum Power

4 0r 8 or 16 ohms
40 watts (80 watts U.S.A)

Bass Resonance .. .............. 55 c.p.s.
Useful Response . ... ... .. 30-13,000 c.p.s.
Flux Density . ............... 14,000 lines
Voicecoil .. ... . ... 1% /38 mm

12%'/310 mm
4%'' /120 mm

Overall diameter
Overall depth

Fixing holes d|agona| ........ 13'"/330 mm
Baffte apertdre . ... .. ... ... 1117280 mm
Nettweight . ... .. ......... 61b.s/2.7 kg.
GROUP 50 15 inch

Voice Coil Impedance .. ...... 8 or 16 ohms
Maximum Power 75 watts (150 watts U.S.A))
Bass Resonance . ............... 45c¢.p.s.
Useful Response ... ...... 30-13,000¢c.p.s.
Flux Density ... ............. 15.000 lines
Voicecoil .. ... ... 2"/51 mm’
Overall diameter ... ......... 15%2/390 mm
Overalldepth . ... ... ... ... 6''/153 mm
Fixing holes diagonal . ... ... 16%'' /417 mm
Baffle aperture ... ... ...... . 1147280 mm
Nett weight ... .......... 151bs. /6.8 kg.

Croydon, Surrey, England

Telephone: 01-684 1665

NEW
3 VOLUME

RGA
DATA BOOKS

THE NEWEST,MOST

UP TO DATE RCA Solid State f’ J

DATA BOOKS

WW—078 FOR FURTHER DETAILS
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(U.K Mainland only)

FOR A |

MITE
Offer closes oa . £ 110D

°s 28th Feb. 197g

! (Including Postage,
P”Ce per Set fg .00 Packing & V.A.T.) s
(Standard Price: £12-00 per set) e
ORDER NOW FROM REL $SD220A $D240 $SD250
. Power Devices Linear Integrated COS/MQS
Get Updale with Circuits I ntegrated Circuits
3 volumes, over 1600 pages [~ -_— - - = = === == ==
R E EL_’] Size: 7in x 9% in Please send copy/copies of the new RCA Data Books

REL Equipment & Gomponents Ltd.

- l NAME .......
Crott Hous+ Bancroft Huctun Herttor Ashire. SG35 1BU. England

Tel (0462157131 ¢ hnes Telex 82131 Cables Robelect Hitchin ADDRESS .. ..
Also o I Victonr e Stie 1 O gshdl Livinaston Lothian, EHE4 5BC l

Tel 0879 (. L7 0

| SSD220A, SSD240 & SSD250 at £9-00 per set.
| enclose cheque/P.O./Money Ordervalue £, . .........

e oam M mmmm owmmm?

wWwWw americanradiohistorv com
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SEMINAR & EXHIBITION

West Centre Hotel, London
February 8-9-10 1978

Sponsored and organised by IPC Business Press

Keeping in touch with a fast developing technolog We can think of lots cf reasons why you should
like microelectronics can he difficult. And, like attend Microsystems 78. But we'll give yoti just
jumping on amoving train. the inimal contact can erght of them

he hazardous, if not actually painful 5
| Electronics Weekly
That'swhy aumgue fine-up of IPC Business Piess
jounnals have got together. To organise three days dafa
of talks and presentations plus an exhibition which BUMPUTEH WEEKI.Y proceSS|ng
[Fegpve youa chance to come to grips with the

e Mol K ClO . 1S o A ] h ] 141 ]

new technulogy of miciosystems I]]l(:r()l)r‘)(:(’s&()rs

Thatmeans not just nicroprocessors, bt also ELLIECTW@N

mtarfaces. penpherals and software. Fverything. in lf Icctrical 'l‘i n](\s S

fauc t which s needed to transforn a nucioprocessor ¢ ; H

nto anoperational system \ A ereless
electrical review world

So climb on boird Miciosystems 78 To learn more

abaut the world's fastest moving techiology All top joutnals in their fields and all spensots of

Without hemg thiown off balance or having the Micrusystems "78. Need we say more 2 Except
door shunmed in your face please complete and return the coupon

-----—_-_---_—_-—_—--—-~

laminterested in Microsystems ‘78.

Please send me details of the Name
seminar programme, when finalised.

Job Titte

I would like to submit a paper to

be delivered at Microsystems ‘78. Company Name

My company is interested in Company Adress
participating in Microsystems'78 as T
an exhibitor.

My company would like to make
an industry presentation at
Microsystems'78.

(Please tick the appropriate box):

----’

Please return thiscoupontoChrisHipwell, Room 125 Dorset House, Stamford Street, London SE1 9L U
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‘Hurry for your copy!

This Wireless World book is of very special

appeal to all concerned with designing, using and understanding
electronic circuits. It comprises information previously included in the
second ten sets of Wireless World's highly successful Circards - regularly

—_————————

published cards giving selected and tested circuits, descriptions of circuit ORDER FORM

operation, component values and ranges, circuit limitations modifications, l To: General Sales Department

performance data and graphs. The book follows on from Circuit Designs | IPC Business Press Limited

No.1-now sold out. It is magazine size in hard cover and contains Room CP34. Dorset House

information on the ten sets of Circards plus additional circuits and | Stamford Street. London SET LU

explanatory introduction. Like its predecessor, this second book has been

deservedly popular since its first appearance and may soon be out of print. Please send me copy/copies of Circurt

You are advised to order your copy without delay. Designs - Number 2 at £12.50 each inclusive
| enclose remittance value £ (cheques

Basic logic gates payable to IPC Business Press Ltd.)

Wideband amplifiers A BOOK FROM l N B

Alarm circuits

Digital counters - I

Pulse modulators WI re ess .

C.d.as-signal processing '

C.d.as-signal generation

wor ' -

|
|
L

re

C.d.as—measurement
and detection
Monostable circuits Company register anc and a subsidiary of Reed

; N International Limited. Registered No 677128 Regd. office
Transistors pairs . H don SEI 9LU
k S W - . —— — [ l
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DIY SPEAKER KITS —— PORTABLE

15-WATT KIT IN CHASSIS FORM . MONO

When you are looking for a good soeaker, whv = = TO PERSONAL DISCO

notbuitd your own from this kit. Q’. ” SHOPP ;

It's the unit which we supply : ERS i o =

with the enclosures illustrated 8  SeeBelow with built-in pre-amplifiers

belowSize 13° B (approx.) 20 x 20 WATT STEREO AMPLIFIER ::r\elcs'the big-value puftable disco console from

woofer (EMI)tweeter, and Superb Viscount IV unit in teak-finished cabinet. Silver fascia with alimunium -VC! it features a pair of BSR MP 60 type auto-

matching crossover components. rotary controls and pushbuttons, red mains indicator and stereo jack socket return, single play professional series record decks.

Power handling capacity Function switch for mic. magnetic and crystal pick-ups. tape. tuner, and Plus all the controls and features you need to give

15 watts rms. 30 watts peak. auxiliary Rear panel teatures two mains outlets. DIN speaker and input . fabulous disco performances. p & pf6.50
£1700 PER STEREQ PAIR sockets, plus fuse. 20 + 20 watts rms, 40 + 40 watts peak Simply connects into your

b " £R /00
P&PE£3.40 ‘ .FREE To cash or cheque personal shoppers existing slave or externa! amplifier. 64

- A 4 channel Stereo Adaptor to all buyers of the Visicount 20 x 20 45 WATT M DISCO AMP
EASY-TO-BUILD Amplifier at £2990 limited offer. Available separately at £395 £§500 T MONOD

+ f1.00p &p
. ~né
WITH ENCLUSURE STEREO CASSETTE record/replay fully built {2,50p

Specially designed by RT-VC P.C. board incorporating 4 1.C.s. £275 Size approx I e

for cost-conscious hi-fi PAIR STEREQ 8 WATT SPEAKERS t106 > l|’ e :
| enthusiasts, these kits 8" bass units with 337 approx. twealevsﬂpower handling 12 132 8§17 63 g 2 - .
Incorpurate'[wg teak 8 watts imp8ohms. Size 163" 11" - 84 a:"r'"" v 95, Here's the mong unit you need to start off with.
- SLIMLINE RECORD PLAYER PLINTH, accepis BSR Turntab ) h
simulate enclosures, two EMI 13" . 8" (approx.) GOOOMAN 5 approx., 7 watt bass mmtlr 185, 1586 1181 modules :270 SL‘:EZ:’OBUI a 'gelJaC:?"seosl|i:fli‘;rvea‘l;vsormss,c.‘iig':;?sttizf’?k
woofers, two tweeters and a pair of matching AM. FM. TUNER P.C.B. with Mullard L. i gso -5ig :

crossovers. Easily constructed. using a few 100X Mulliturn Varicap tuning pts 6 for A ey .fm cerfm|c|ca.rtpdges, laple ;?pu:’anAdhn!m‘mphclme

basic tools. Supplied complete with an HEAVY DUTY FIBRE GLASS COPPER CLAD BOARD £1%0 '"P:‘- I‘?I"e _'“""]'“9 70‘;'"0 Sd'“e wit '"degle

easy-to-follow circuit diagram, and crossover 25" x 177 x v~ Approx. per sheet anly ) push-pull switches. Independent bass and treble
N OECCA DC1000 Stereo Cassette Record deck P.C.B. complete with £295 controls and master volume.

components. Input 15 watts rms. £ 00 switch osciliatar coils and tape-heads and circuit diagrams. -t

30 watts peak, each unit. 28 AM. FM. STERED MULTIPLEX CAR RADIO/czsserte player i £3600 70 & 100

Cabinet size 20" ~ 11 9; PER STEREQ PAIR dash fixing Negative earth 5 watts output WATTM ONO

{approx.) 4 papEss0 1.C. Steseo 8 Track to Cassette adaptor converts. any B track £1895 DISCO AMP

_player to cassette player. 2
NATIONAL PANASDNIC A 3teres aulo-reverse car cassatte player modal No. CQ741EW 715 Size approx. .
Y = R = S Lst £124 Qur Price d 14 4" 10}

, JAVELIN ‘MINI" AUTO-EJECT CASSETTE CAR STERED PLAYER. Model No. 21710, Our Price o] § g5 Sloping facia,you can use the controls
COMPACT' FOR TOP VALUE o without fuss or bother. Brushed alumimium fascia
How about this for incredible bookshelf value LB S L T ! and rotary controls. Five smooth acting, vertically
L e e s e o o o g 0% J ot s conls - nstr vl ape e,
power amplifiers. These infinite baffle v X perfect graduated change from record deck No. 1 to
enclosures come to you ready mitred and ADD-ON STEREQ CASSETTE TAPE DECK KIT ; No. 2. or vice versa. Pre-fade level control (PFL) .
professionally finished. Each cabinet measures Designed for the experienced D.1.Y. man. This kit comprises of j lets YOU hear next disc before fading 70 watt b7

12787 5 (approx) per atape transport mechanism, ready built and tested record/replay itin. VU meter monitors gutput level. 100 watt
deep, and is in wood /

; . f- :‘:i:“ electronics with twin V.U. meters and level control ready for Output 100 watts RMS 200 watts peak. p & pf4.00
simulate. Cumplete with [ mating together with the mechanism. _

50
two B {approx.) speakers l" £859 W spccircations Sensitity  Mic. 0.85mV « 20K OHMS BSR BD595 TYPE

for max. power handling p &p M8 Din, 40mV . 400K OHMS : Output - 300mV RMS per _ ._ S€ o e un
plfwals £2.20 channel « 1KHz from 2K OHMS source : Cross Talk - -30db - 1 Elldpvelyntatle I,
L ‘ 2 speed, semi automatic
Tape Counter - 3 Digit - Resettable: Frequency Response ; 0 eratiu'n
LA By Ky 0GRy 2

w W
electronic speed regulations : Key Functions Qm@ ¥ . £2495
‘]’;’1‘“’-]132""/3"75 rms, 24 watts peak, Record, Rewind, Fast Forward, Play, Stop & Eject. p & p £2.50 L ] ] p&pL255

. Pair of Dynantic microphones £3.95 + £1.00p & p.
’(:a;’;ox';)én PAIR Optional extras . pyains transformer £2.50 + £1.00p 6p. PRACTICE GUITAR /
Duo il ;opw&a:)x[fﬁfo BSR TURNTABLES  BSRautomatic record E AMPLIFIER WITH \
40 walis peak s d BSR MP60 TYPE player deck (Chassis form) BUILT-IN SPEAKER
27 1% 1i {approx.) Single play record player  With cueing device and This budget practice

SPEAKERS Two models - Duo IIb, teak

£ PERPAR {Chassisform) £15.95  Steree £0.95 amplitier, has been

ceramic 4
+p&pf750

P&PE200 head. P&PE2.55

Cartridges to suit above : . i i
EE—— O DTG G TURNTABLE 1llus. diamond stylus, and [29 self-contained unit with all facilities 2 inputs

less cartridge. 04 specially designed for the

amateur, who requires a quality
1
EASY TO BUILD Poputar BSR MP 60  de luxe plinth and for mic or guitar, the 2nd for record ptayer or
RECORD PLAYER KIT CERAMIC STERED £1.95 type. complete with cover. +php casselte deck. it also can be used for cine-sound
Ideally suited for the . magnetic cartridge, Ready wired £4.50 amplification. 2 votume controls, 1 for each input

constructor who requires also base and treble controls. Power output with
: 4 - i v 3 internal speaker. 10 watts RMS. with remote

a complete}stereo (il % 30x 30 WATT AMPLIFIER KIT mepuen : speaker (not supplied) 20 watts f3250

a budget price, comprising Specially designed by B T-VC for the o . M AMS Size avnrox 17 - 9 11 89 3.00

ready assembfed stereo ! experienced constructor, this kit comes = - i

amp. module, Garrard auto/manual complete in every detail. Same

deck with cueing device, pre-cut and facilities as Viscount IV amplifier.  © . :
finished cabinet work. Qutput 4 watts ¢ 695 Chassis is ready punched, drilled and £2.50 M *@A\\_ : HOME 8 TRACK !
per channel, phones socket and T formed Cabinet is finished in teak f:2900 I AR R TR 6 CARTRIDGE PLAYER

~

:3500 +p&pf250 programmes monitored by indicators,

ecord / replay socket pap veneer. Silver fascia and easy-to- NOW AVAILAB[E ful‘iy bui.[l and_tested Automatically switches
handle aluminium knobs: -

CAR ) Output 30 + 30 watts rms, 60+ 60 peak

RADIO - match with the Unisound modules and is compatable
KIT 4 DECCA 20 WATTS STEREO SPEAKER with the Viscount IV amplifier with Sim teak £16.58
Complete with speaker, baffle and fixing strip. This matching loudspeaker system is hand made. cabinet. approx 3° 8" 3. p &p{2.50 ey
The T?uni_l [\ forI{Ihe ex?erienced constructor kit comprises of two 8 “diameter approx.
only. The Tourist IV has five push buttons, : o : )
tour medium band and one for long wave band. base drive unit, with heavy die cast chassis PYE STERED

The tuning scale is illuminated and attractive laminated cones with rolled P.V.C. surrounds . GRAM CHASSIS
small aluminium control knobs are used for two 35 " diameter approx domed tweeters /

manual tuning and valume control. The modern romp with crossover networks £ 00 (Complete with
style tascia has been designed 1o blend with f400p&p stereo pair 20 circuit-dragrams)
most car intertors and the finished radio will

slotinto a standard car radio aperture. O der our credit card number ONLY = . M
Size approx.7° - 2° - 4!~ 12 voits pos or neg yiving y Complete ready to install-Wave bands LM. VHF

; ALL PRICES INC. VAT AT 123% [P n T STEREQ. VHF MONG. Controls for tuning volume.
Ue:lrl::l f;ax:;f:jlnntzez]:,l,lgl)sp D Rl £1250 ’ s % -1 balance. bass and treble. Power output 7 watts
@ FREE TO PERSONAL SHOPPERS BUYING N 323 EDGWARE ROAD. LONDON W2 1S, o Gl 10 el per(x 6 i
CAR RADIO KIT ELECTROMATE Rear window h GE0 O DB T, 3 Personal Shoppers EDGWARE ROAD 930am 5 30pm, Malf day Thurs 2 8 approx chassis speakers and
et (3 e o1l et el it ‘;‘vn‘,’m ;"";n’ Send stamped addressed 21 (E) HIGH STREET, ACTON. LONDON W3 6NG BSR auto record player deck Y2
3 envelope for further details. ACTON: Mail Order only No callers PERSONAL SHOPPERS ONLY 35

with manuai override track selection. This unit wilt

(B eomrorny

www americanradiohistorv com


www.americanradiohistory.com

106 WIRELESS WORLD, JANUARY 1978

i OFFER FREE OFFER FREE OFFER FREE OFFER FREE OFFER FREE OFFER FREE OFFER FREE OFFER FREE OFFER FREE OFFER FREEg

take lt irom e ST'CK'ES’anywaY?”

“They are |Csize self-adhesive labels printed with

Send for your FREE SAMPLE — NOW! 8 BAYHAM ROAD, SEVENOAKS, KENT, 0293514110

43440 33Y4 H3IJJ0 3I3H4 "IJJO 3I3IH4 Y3440 3344 Y3440 3344 Y3440 3I3Y4 Y3440 I3H4 HIJJ0 IIY4 HIJAJ0 3I3H4 H3IHH0 3344

o« m
w m
b ]
i
o >
w m
(@) m
w STICKIES ARE GREAT FOR: pin-outs- for the 61 most popular 7400 serie.s IC’s. 3
I They stick to the top of TTL IC's to show pin-outs m
5 +« BREADBOARDING at-a-glance ]
o + BUILDING PROTOTYPES ' -
& * DEBUGGING m
™™ * FAULTFINDING They come in sets of 450 in a sturdy plastic pack with m
o * TEACHING full instructions — including a list of logical equivalents o
e * PCB LAYOUTS which can be used to extend the range to cover 86 IC's. an
= « HOBBY PROJECTS m
x So that you can prove for yourself just how Inclusive prices are: £2.80 per set; 2+ sets £2.50 each; o
w much time and trouble STICKIES can save you, 11+ sets £2.20 each.” ﬁ
i« we're GIVING AWAY sample sets of 100 to the m
o first 2500 TTL users to send us a SAE. GF CONCEPT ELECTRONICS o
w B
o m
w bs]

ANY MAKE-UP OR e o eN pA i it 110 T

PPM2 1s based on the ME 12/ 9 but with an electromic toating input which withstands mains of static voltages on
the signal hnes It meets BS 4297, the proposed revision of BS 4297 the proposed IEC Type 2 meter

specifications and fulfilis the requirements of the $BA EBU and BPO Reviewed Studio Sound September. 1976
Ernest Tumer meter movements 642 643 and TWIN from stock The TWIN (s a flush mounting type and Hush
mounting adaptors which aliow illumination are available for the 642 and 643 NEW llluminaton kits for 642
and 643. mouldings to support a 38Bmm festoon butb. 12V 3W supplied

PEAK DEVIATION METER

o
e
o
J H N G I B B o N AL
(oo b
For monitoring Mono of stereo FM statons enher off air at the transmitter This 1s a rack mounting un
-albrated n KHz percent and decibeis inciuding a 7 5KHz devianon standard with 400KHz and 53KHz

modulating frequencies and a high impedance probe head tor use with a monitor récever Durinyg programme
monitoring the 1rue peak multipiex deviation with a very fast attack me meter gives much more insight into
modulation levels and limier overshools than spectrum analyser displays or standard programme meters

_showing the decoded stereo signals
- CHARY RECORDER
By itseif records on inkless paper scaled 1-7 and 0-100KHz to PPM standards Lefi. nght. sum. difference or

peak of either and. with the above unit charts Peak Deviation
SURREY ELECTRONICS, The Forge, Lucks Green, Cranleigh, Surrey. GU6 7BG - STD 04866 5997

Send for your copy how!
EUROPEAN ELECTRONICS SUPPLIERS GUIDE

&
G
s

i

® Companies classified by country Ehe second gdition of this valuable three—languzage (%nglish,
rench and German) directory gives details of 2,800 firms,

® Products and manutacturers including 130 from Eastern Europe. 880 products are grouped

® Trade associations into 26 chapters, covering cables, components, computers,

materials, production equipment and 21 fields of specialised
application from aerospace to underwater engineering.
Comprising 730 pages (A5 format), the new edition includes
cross-referencing from products to manufacturers and —for
the first time —from firms to products. Special attention has
been paid to the indexing which is separate for each of the
three language sections. European Electronics Suppliers
Guide is published jointly by Verlag Fur Wirtschaftsliteratur
GmbH (Zurich) and C. G. Wedgwood & Co. (London) and is
available only through |PC Electrical-Electronic Press Ltd.

£18.50 including postage and packing.
IS SR NS G R G e SR
To General Sales Department. Room CP34
IPC Electrical-Electronic Press Ltd
I Dorset House, Stamtord Street, London SE1 9LU. England |

® American firms in Europe

Please send me copy/ies of European Electronics Supplers Guide at »
£18 50 each UK; $49 USA, 100 Swiss Francs elsewhere

| enclose cheque / International Money Order for

Payabe to {PC Business Press Ltd

Name (please print)

I Address

Company registered in England No 677128 and a subsidiary of
Reed (nternational Ltd. Regd otfice Dorset House

Stamford Street. London SE19LU
| enclose cheque International money order for £ ’
o e R —
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SERVICE TRADING CO

WHY PAY MORE?!

MULTI RANGE METERS Type MF15A AC /D C
valts 10 50 250 500 1000 Ma 0-5 0-10
0-100 Sensitivity 2000V 24 range. diameter
133 % 93 X 46mm Price £6.50 pius 50p P&P
(€7.56 inc VAT & P) L

TRIAC.

Raytheon tag symmetrical Triac Type Tag 250/500v. 10 amp 500 piv

VARIABLE VOLTAGE TRANSFORMERS
INPUT 230 v. A.C. 50/60
2/ OUTPUT VARIABLE 0/260v. A.C.
BRAND NEW. All types.
200w (1 Amp) fitted A/C

107

Glass passivated plasuc triac Swiss precision product for long term
rehability £1.25 P&P 10p (£1.46 inc VAT & P) {inclusive of date and
application sheet) Suitable Diac 22p.

0 to 60 MINUTES CLOCKWORK TIMER.
Doutile poie 15 amp 230AC. Contacts (no dial}. £1.50. P&P 30p (£1.94
nc VAT & P}

GALVANOMETER. 50 mco miror gsivo
Calibrated 50-0-50 and 0-100. Mfg by Gniffin & George Ltd
Offered at fracuon of maker's price, i onginal minsstry
packing £12.00 P&P 60p (£13.60 jnc VAT & P)

CONTACTOR

Mfg by Hendrey Relays, type C2839 220/250
ACops Contact 4C/0 at 20 amp at 440 volis AC
price £6.00 N&P 75p (£7.28 nc VA P)

voltmeter .. ......... £12.50

0.5 KVA (Max. 22 Amp) £15.00

1KVA (Max. 5 Amp} . .... £19.50

2 KVA (Max. 10 Amp) £32.00

Carri p 3 KVA (Max. 15 Amp) £39.50

arriage extra 4 KVA (Max. 20 Amp) £60.00

LT TRANSFORMERS

0-12v/24vat | amp €2.50 p&p 50p (£3.24 \nc VAT & P)

25.0-25v at 2% amp £4.50 p&p 75p (€5.67 inc VAT & P)
0-12v/24v. 10amp £12.35p&p £1 50 (£14.96 inc VAT & P)
0-4v/6v/24v/32var 12amp €£13.00 p&p £1 50 (€15.66 inc VAT & P}
0-12v at 20 amp or 0-24v at 10 amp.€12.00 p&p £1 50 (£15.01 nc

VAT & P)
0-6v/12v/17v/18Bv/20v at 20 amp £14.00 p&p £1 50 (£16.74 inc

VAT & P)
0-6v/12vat 20 amp £11.85 plp £) 00 (£13.88 inc VAT & P)
Other types in stock. Phone in enquiries

GEARED MOTORS

100 R.P.M. 115 Ibs. ins.!!
1151b ins. 110 volt. 50H2, 2.8 amp, single phase
split capacitor motor tmmense power. Continuously
rated Totally enciosed Fan cooled. In-iine gearbox
tength 250mm Dia 135mm Spindle Dia 15 5mm
Length 145mm. ex-equipment tested £12.00 Post
£1 50 (€14.58 nc VAT & P). Suitable transformer
2307240 volt €8.00 Post 75p {€9.48 inc VAT & P}

15 R.P.M.
Type SD48 15rpm 80 b ins input 100/ 120 voit A.C Length incl
gearbox 270mm. Height 135mm. Width 150mm Shatt drive 16mm
Weight 8.5 Kilos BRAND NEW Price £10.00 carr £1.00 (£11.88 inc
VAT & P}
Suitable transformer for use on 2207240 volt AC £6.00 Post 50p
{£7.02 inc VAT & P)

BODINE TYPE N.C.I.
GEARED MOTOR

{Type 1) 71 r.p.m. torque 10 !b. in 4
Revers:ble 1/70th h.p. cycle 38 amp This U.S A motar is offered in
with transformer for 230/240v AC nput. Price type €6.25 Post 75p
(£7.86 inc. VAT & P). or less transtormer €3.75 Post 65p (£4.75 in
VAT & P). (Type 3} 71 rp.m 230 volt A.C Continuously rated Non
reversiole €6.50 Post 75p (€7.83 inc VAT & P)

300 V.A. ISOLATING TRANSFORMER

1157230 screened primary. two separate or 115v for 115 or 230v
Secondary two 115vat 150V A each for 1150r 230v. output. Can be used in
senes or paraliel nnections  Fully, tropicalised Length 13 .5¢m.. width
1lem.. weight 15ibs Special price £6.00, carr £1.00 (£7.56 inc VAT & P)

FRACMO

Sorpm 240V AC 50Hz S0tbs inch, 0 7 amp
snarplength 35mm dia 16mm  weight 6 kilos
600 grams Price £15.00 P&P £1 50 (£17.82).

230 VOLT AC FAN
ASSEMBLY

Powerful contiuously rated AC motor compiete
with § blade 6% alumimum fan New reduced
price £3.00 P&P 65p (£3.84 inc VAT & P}

21-WAY SELECTOR
SWITCH with reset coil

The ingenious electro mechanical device can be
switched up to 21 positions and ¢an be reset trom
any position by energising the reset cail
230/240v. A C operation. Unit 1s mounted on
strong chassis Compiete with cover Price £5.50
PRP 75p (€£6.751nc VAT & P}

VORTEX BLOWER AND
VACUUM UNIT

Oynamcally batanced to taliy enciosed 9"
rotor with max air delivery of 1 § cubic
meires per min  Max  static  pressure
B600mm W G .Sucton or blow from 2
side-by-side 37mm | 0. cucular apertur
fitted 1o base of unit Powerful continuously
rated 115va ¢. motor mounted on alloy base
with fixing facilites Dimensions Length
22cm x width 25¢m x height 25cm
These units are ex-equipment but have had miimum use Fully tested
prior o despatch Price £12 + £1 50 P&P (£14.58 inc VAT & P)
Sunable iranstormer for 230/240va.c €6 + £1 P&P (£7.56 1nc VAT &
P)

CENTRIFUGAL BLOWER

Mfg. by Smiths Industiies 230/240v a.c Miniature Model Series

nd

MERCURY SWITCH
Size 27mm x 5mm. 10 for £5.00, total pctuding VAT €5.72.
M quannty 10

SIR )

HY-LIGHT STROBE KIT Mk. IV
Latest type Xenon white hight tube Sold state tming and triggerning
circut 2307240 volt A C operation. Speed adjustable 1-201 p
Designed for large rooms. halis, etc Light output greater than many
{socalled 4 Joule) sirobes Price €18.00 post £1{€20.56 inc VAT
& P) Specially designed case and refiector for Hy-tight £8.25 Post
E1 00 (€£9.99 inc VAT & P}

40 o 9 e e o s s s e e ok e o e o e e e e 6
* ULTRA VIOLET BLACK LIGHT *
¥ FLUORESCENT TUBES

x
x
x
x
x

»*
»
»
»*
»*

4f1. 40 watt £7.75 {callers only) 2ft. 20 want £5.50. Post 60p
* (For use in stan bi-pin fitings) Mini 12in. 8 watt £1.95. Post 25p
(£2.37:nc VAT &P} %in 6 watt €1.75 Post 25p (€2.16 inc VAT

P &P} Bin awatt €1.75 Posi 25p) (€2.16 nc VAT & P)

* Complete ballast unit Either 6, 9" or 12'* tube 230V AC op
€3.50 plus P&P 40p (€4.21 inc VAT & P). Also available for 12V

D.C. op, £3.50 plus P&P 40p (£4.21 inc VAT & P)
ARSI Y PR PSS S RTE
XENON FLASH

PARVALUX GEARED MOTOR

30 240V AC 30 rpm50ibsinch Price €15.00 PRPE1 5017 82,

A.E.G. WATER PUMP

200/240v ac motor. 2850 rpm. 480w
approx 1/3 hp, dniving a centnifugal pump A
with 1% inlet and outlet delivering approx 4
40 galls per min at 10!t head. Ideal for
pumping or circulating any non corrosive {
hght viscosity hiqud Oozens of uses
industrial Jabs etc Note this pump is not
self-pnming Price €15 + 75p PRP (€17.01

nc VAT & P)

VAT;
R
i
i

L i

CITEN

co
FHP motor type C 7333/15 220/240vac 19 i
1pm reversible motor. torque 14.5 kg Gear ratio
144 1 Brand new incl capacitor our price
€14.25 + £1 25 P&P (£16.20 inc VAT & P} s

—

REVERSIBLE MOTOR 230V A.C.

General Electnic 230v A.C. 1.600 rpm 0 25 amp Complete with
anti-vibration mounting bracket and capacitor 0/A sze 110mm x
95mm Spindle 5/16°" dia. 20mm long Ex-equipment tested. £3.00
Post 50p (€3.78inc VAT & P}

METERS 90mm Diameter
Type 65¢5 D.C Mc 0-2. 0-5. 0-20 0-50. 0-100amps
0-15v dc 0-30v dc Type 6272 AC M.t O-1v
0-50amps 0-15v. 0-300v Type 65L5 R/m¢ 0-300vc All
at €3.50 each P&P 50p (£4.32 each inc. VAT & P)

SE7200 Size 95mm x 82mm x 82mm_ Aperture 38mm x 31mm 12
cim €2.75. Post 50p (€3.51 inc VAT & P} 116/230V ac
2800/3400 r p.m. Fan type aperture 3" x 2%’

VBL4/L Price £12 Post £ (£14.88 inc VAT & P). Also available
extremely powerful blower mig by Fracmo

= e
GUN TUBES v
Range of Xenon tubes available from _ f‘,.#\m
stock S A E for full detans =
Wide range of AC and DC relays available
R E LAYS from stock Phone or write in your
enquines

230/240V A.C. Relays: Arrow. 2¢/0. 15amp €1.50 (£1.8B4inc VAT
&P)

'VENNER TYPE' ERD TIME
SWITCH

200/250V AC 2o0n/2olf every 24 hrs. at any

h TEC opentype 3 c/0 10 amp €1.10 (£1.40 inc VAT & P) Mag manually pre-set tme 36 hour spring reserve and day
NI-CAD BATTERIES He‘(?m:,, (,‘,/,V,‘:,m e Oevices 2 ¢/0. 20 amp £1.50 (€1.84 inc VAT & P} Omoron o omitting device Built 10 highest Electricity Board
B e e ——. oia = o Keyswitch 1 ¢/0 7 amp €£1.00 (£1.30 nc VAT & P) specification Price €7.50 P&P 75p (£9.18).
B eI g e = 2 D.C. Relays: Open fype 9/12V 3¢ /0 7 amp £1.00 (£1.30 inc. VAT &

P) Sealed 12V 1 c/o 7 amp octal base. £1.00 (€£1.30 inc VAT & P)
Sealed 12V 2c/ 0 7 amp octal base, £1.25 (£1.56 inc VAT & P). Sealed
2 12V 3c/0 7 amp 11-pin. £1.35{€1.67 inc. VAT & P} 24V Sealed 3
S ' c/o07amp 11-pin £1.35 (£1.67 inc VAT & P) amps = contact rating)
P&P on any Relay 20p

Other types avaitable — phone for details

FT3

Postage 30p per unit

SANGAMO WESTON TIME SWITCH

Type 5251 2007260 Vac 2 on 2 off every 24 hours 20 amps contacts with
overnide switch diameter 4’ x 3" price £6.00 P&P 50p (€7.02 inc VAT & P)
Also avalable with Solar dial

A.E.G. TIME SWITCH

200/250V AC 1on/1 off every 24 hrs 80 amps contacts (ideat
High imensity mult wrn. voltage. neon glow storage heater), spring reserve Price €10.00 P&P 50p (€11.34).
discharge flash wbe Design for ignition timing

etc €£1.50 P&P 25p (€1.89 inc VAT & P) 3 for -

£3.00 P&P S0p(€3.78 inc VAT & P)
A.C. MAINS TIMER UNIT
RESET COUNTER Based on an electric clock, with 25 amp

|
230 volts AC 3 digits mfg. Veeder Rootl type single-pole switch. which can be preset for any

UNISELECTOR SWITCH {
4 pank 25 way 75 ohm coll 36-48v D C
operation. Ex new equipment £4.28, P&P
75p Total price inc VAT £5.40.

MINIATURE UNISELECTOR
12v 11 way 4 bank (3 non-bridging. 1 homing) £2.50 P&P 35p (€3.08
inc VAT & P}

MICRO SWITCHES

As illustrated but fitted with 1°* Lever 10 for €2.00 P&P 30p

3 \
280
! ~ . period up 10 12 hrs. ahead to switch on tor any y/‘s
:_Scz.aa inc VA;& P} , LL7144L €1.75 P&P 25p (£2.96 nc VAT & P) length of time. from 10 mins 10 6 hrs thenswitch ¢
cu;(r,nzmnalu\r/emngg;ss typev 41 1 10 for £2.50 P&P 30p 7hg 24vdc nonset £1.50 P&P 25p (£1.89 inc offAn additonal 60 min. audible tmer s also "'r d
(50'- Er;'% o ) £10.80 ETOE VAT & P) mncorporaled Ideal for Tape Recorders Lights e -— -
or .00 post pad (£10. nc VAT ) 6fig 24vdc resetable £3.00 P&P 25p (€3.51 Electric Blankets eic Altractive satin copper finish N\ 1

évgg 3 115M 906T 10 for €2.50 post paid (€2.70 inc VAT ne VAT & P) Size 135 mm x 130 mm x 60 mm Price £2.25. X /
Unimax USA 10 for €4.00 plus 50p P&P {min order 10) RN (ol VA G REICALLD
(£4.86 nc VAT & P BIG INCH

Tiny precision budt 3 rpm USA motor size only
NEW HEAVY DUTY SOLENOID— 1% 1100 volt AC op_supphed with resistor for I
Mfg by Magneuc Devices 240v AC 230 volt AC price €2.37 p&p 20p. 4 for £5.40
Operation approx 20ib. pull at 1.25" Price i 1 post pad
9
Tlws §

£7.00 P&P 75p (€8.37 inc VAT & P) hi i_:v. INSULATION TESTERS

Simvlar to above approx  10lb puil £3.50
—) (NEW

P&P B0p (£4.43 inc VAT & P) !
b est to |ELE spec Rugged metal construction

11

RHEOSTATS

New ceramic construction. wvireous enamel
embedded winding. heavy duty brush assembly.
continuously rated

230-250 VOLT A.C. SOLENOID sutable for bench or hield work constant speed
clutch Sizel 8in W 4in H 6 weight 6 1b
500 VOLTS 500 megohms

Similar in appearance 10 ilustration

Approximataly 1%1b. pull Size of feet 1% x 13/ 16"

€

=)

P 1.00 Post 2 .35 inc VAT& P 0 . R 25 WATT 10, 25. 100, 150. 250. 500. Tk. 1 Sk ohm €2.40 Post
rice £ 0st 25p (£1.35 inc &r) moovg&g f‘ggoirinoe;;wfn‘::oﬁ e Y & @ el 20p (€2.81 inc. VAT & ©) 50 WATT 100. 500 1k ohm €2.90 Post
y VAT WATT | 1 i
24 VOLT D.C. SOLENOIDS £46.00 Post 80p (E50.58 nc VAl & P) s e e 78 41 20512;5;)?35 oo
UNIT containing 1 heavy duty solenoid approx. 25 tb. pull at 1 in SAE fot leaflet VAT & Py g d
travel 2 solenoids of approx 1 1o puil at 2 in. travel 6 solenods of N —
P i o T ey 05, awsovure AT CURRENT RATE [l lf Iiseabisia I L
: BARGAIN ;
£1.001€£4.32nc VAT & P) MUST BE AODED .
240 A.C. SOLENOID OPERATED TO ALL OROERS 600 WATT DIMMER SWITCH —
&

FLUID VALVE

Rated 1 ps+ will handle up to 7 p.s. Forged brass
body, stainless steel core and spring 2 m b'sp inlet
outlet. Precision made British mig

PRICE €2.75 Post 50p (£3.57 inc VAT & P)

asiy hrted. Fully guaranteed by makers Wil control up o
600w of lighung except Huorescent at mains voltage
Complete with simple instructions £3.95 Post 25p (€4.53
nc. VAT & P} 1000 watt model £5.60 Post 25p (£6.32 inc |
VAT & P) 2000 watt model €9.75 Post 40p (€10.96 inc t
VAT & P}

B3 B FOR THE TOTAL VALUE OF GOOOS INCLUDING
I8 POSTAGE UNLESS OTHERWISE STATED
0 ACCOUNT CUSTOMERS MIN. ORDER £10.00

SERVICE TRADING CO.

SHOWROOMS NOW OPEN

ALL MAIL ORDERS, ALSO CALLERS AT

57 BRIDGMAN ROAD, CHISWICK,
LONDON. W4 5BB. Phone: 01-995 1560
Closed Saturdays.

9 LITTLE NEWPORT STREET,
LONDON, WC2H 74J.
Tel.: 01-437 0576

AMPLE PARKING
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BY POPULAR
REQUEST

Demand for reprints of Wireless World constructional projects for audio
equipment is so high that we have gathered 25 of the best of them
together in High Fidelity Designs. These are the ‘'most requested” articles
which you have asked for and all have been fully updated. Hurry for your
copy — it's likely to sell out fast!

igh fideli
esigns

Tape/disc/radio/amplifiers/speakers/headphones

A BOOK FROM WIRELESS WORLD

£2.50 from newsagents and bookshops or £2.75 by post from the publishers

Contents: @ FM tuner design e Novel stereo FM = TN Sm I SR G5 S5 S5 S5 S5 S5 S5 S5 S5 S5 Sn S = ==y
tuner @ Low-noise, low-cost cassette deck | |
e Wireless WorI‘d Dolby noise rgducero Wideband I To: General Sales Department, Room CP34 ]
compander design e High-quality o i Dorset House, Stamford Street, London SE1 9LU
compressor/limiter @ An automatic noise-limiter d
o Modular integrated circuit audio mixer e The | rlease send me copy/copies of !
‘walltenna’ e Electronic piano design I High Fidelity Designs at £2 75 each inclusive i
e Advanced preamplifier design e High quality | ! enciose remittance value £
tone control e Multu-chanpel tone control e (cheques payable to IPC Business Press Ltd ) -
Bailey-Burrows preamplifier @ 30-watt high | 4
fidelity amplifier @ 30-watt amplifier modification | F‘ﬁ“;‘si -
e Baxandall tone control revisited e Active [ P P
crossover networks e Electrostatic headphone ADDRESS
amplifier o Class A power amplifier ¢« An 1 C i
peak programme meter @ Horn loudspeaker | i
design e Horn loudspeaker e Transmission-line | |
|0Ud$peaker enclosure L4 CommerCiaI l Company registered i England No 677128 l
quadrophonlc systems l Reyd otlice Dorset House Stamford Steet London SE' SLU l
h-------------------‘
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—
i Its B[ TEXi§ C-mMO0S I.Cs OP. AMPS TRANSISTORS. DIODES
7400 16p 74107 36p CD4000AE 20p 1458 Dual Op Amp. Int. Comp 8 pin DIL 70p AC125 35p BFY50 22p | w2N292BG 12p | | ocnal
74H00 28p ‘74109 89p CD4001AE  20p 301A Ext. Comp 8 pin OIL 36p AC126 25p BFYS51 22p 2N3053 22p 0A47 %
3130 COSMOS/Bi-Polar MosFet 8 pin OIL 100p AC127 25p BFY&2 22p 2N3064 65p
74500 63p | 74110 55p CD400ZAE  20p CA3140 BIMOS 8 pin DIL 100p | aCi28  25p | BFvSD  120p | 2N3055  esp | OhBl 209
741500 30p 74111 90p CD4006AE 95p CA3160 Int. Comp 8 pin DIL 10p | aC141 20p | BRY39 asp | 2n3438  &7p | OA00 g"
7401 18p 74116 200p CD4007AE 20p LM318N  High speed 8 pin DIL 200p AC142 20p BSX19 20p 2N3442 140p 0A91 9"’
7402 18p | 74118 84p CD400BAE 107p | LM32iN Quad Op Amp l4pOL 120 | aci7e  28p | BSx0 20 | 42NIS6S 30 [ oass %
uad. Op. Amp. pin P AC187 5 1 *. p
OIS 20N 200 CDI00 I ERG 1T NES31V  High slew rate 8pin DIL 140p AC187K 3o= BU108  250p | #2N3644  48p 02200 B
7404 23p 74121 32p CD4010AE  60p LR G = o0 sy 00 || vy & waN3702  12p | 0A202 10p
36 74122 54 CDA011AE 20 er ; o B o IN914 4p
74H04 p P P 3900 Quad. Op. Amp. 14 pin DIL 70p AC188K 30p | *BU208 300p | #2N3703 12p IN916 P
7405 25p 74123 76p CD4012AE 20p 709 Ext. Comp. 8/14pinDiL  36p AD149 49p | «MJE340 65p | *2N3704 12p a8 49
7406 43p 74125 73p CD4013AE 55p 741 Int. Comp 8/14pnDIL  22p AD161 asp MJ481  175p | #2N3705  12p B
7407 43p 74126 70p CD4015AE  90p 747 Dual 741 14 pin DIL 70p AD162 45p MJ491 200p | *2N3706 12p
7408 25p 74128 75p CD4016AE 50p 748 Ext. Comp o th 14pin OIL  36p AF114 30p MJ2501  225p :%mg;gg :;p RECTIFIER
7409 27p | 74132 70p CDAO17AE 100p  |~amrmmn oS 20200 0P 270 22 D A e | e 1P | Wona0s  dze| *BY100 25
7410 18p 74136 75p CD4018AE 110p LINEAR I.C.s AF117 30p | MJ3001 226p | 2n3773 300p [ ¥BYI26 120
74H10 28p 74131 75p CD4019AE 52p #AY-1.0212  Tone Generator 16pnOIL  800R | ari27 25p | MJE30S5 70p | 2N3866  90p L ‘5’:
7411 24p | 74142320p | CDO20AE 120p | FERTCICA DT Lt Tonow sop | A38 43 | PSS 3P| BN3e0s e | mao2 s
7412 25p 74145 90p CD4022AE 100p #CA3048 Quad. Low Noise Amp 16pinDIL 200p | 8C107/8 9 | #MPSABG  32p | #2N3905  20p Ina0od ge
7413 36p | 74147 190p CDA4023AE 22p +CA3053 Diff. Cascade Amp 05 70p | BCi08/B  9p | #MPSUOS  62p | #2N3906  16p | N40OS B
7414 75p | 74148160p CD4024AE 80p CAJ0B0E  Op Tianscond Amp ShmDl 3% | 8C109/8 10p | avPSUSS  7Ep | a2NAOSE 15 faagy 195
7416 33p 74150 140p CD4025AE 22p *CA3089E FMIF System 16]pnfO} 5 | scroec  12p [ OC28 120p | #2N IN5404 18,
P
7417 36p | 74151 72p CD4026AE 170p $CA3099 EiglstsrediMuli{Oec JopnOIL 400 | a8C117  22p | OC35 90p [ A2N4060 130 | 0gi07  23p
7420 18 ICLAI08 Mxd 3% Digit OVM P €13 | waC147 ap | 0C36 90p | * 3 22p
7421 aop Tarsiaton CDA0IBAE g:: e T ve G 1B 2000 | mBC148 Sef grot SR &
P 1Y) N Vol. Quad. Comparator pin Dt p #BC149C 10, *R20088 2 *#2N4125 22p
7422 22p | 74155 90p CD4029AE 120p A Oual 2W Aud. Amp 14pnDIL 17% | 4scis5 11p | +r20108 Zo0p D D o
7423 37p 74156 90p CD4030AE 55p *HM udio Amp pin P [ «8C158 10p | #TIP29A  40p | #2N4 0P | 400mwW 9
*M3IB1 Stereo Preamp 14pin OIL  175p C159 1 #TIP29C 55 #2N4401 27p M) P
;2%? 3‘7’: ;:1155971%(;: gg:gig:g :llg:): +(M3IBIN Aud Amp +3Trs Avay  18pinOIL 180 ToCieec 130 | ViiP30a  a3p | w2N4s03 279 | YW 8p
LM3911N Temp. Controller pnDIL  150p | 48C17 1 *TIP30C 60, 2N4427 90p
7428 36p 74160 120p CD4042AE  90p *M252 Rhythm Generator 16pnDIL  80Op ec;73 13,‘; TIP31A 51,': *2N5087 27p
7430 18p 74161 120p CD4043AE 100p *MC1310P FM Stereo Dec 14pinDiL  190p BC178 17p TIPIC 52p | #2N5089 27p
7432 36p | 74162120p CDA04GAE 180p | wMCisoip  Le/Dot Audbreomp  14pnON 8% | BC179  18p | TIPI2A  s3p | 2No2%6 st BR(I:D(I;IE R
7437 36p 74163 120p CD4047AE 100p o A P P | *8C182 12p | TIP32C  82p | #2N5401  50p | RECTIFIERS
C1496L Ba! Mod/Demod 14pnDIL  100p TIP33A 9 2N6034 160
7438 36p 74164 120p CD4049AE  63p #MC3340P  Electronic Attenuator BpnDIL 160p | roc!83 }§,': T1P33C ng: 6107 S50 WJASOV 25
7440 19p 74165 220p CD4050AE 57p *AMC3360P %W Audio Amp 8pinOIL  160p | pCig7 30p | TIP34A 115p [ 2N6247 180p | 445 100V 275
7441 75p 74166 160p CD4054AE 120p NE5SS Timer BpinDIL  40p | 45C212 11p [ TIP34C  160p | (Comp 10 2N3055) | J1a200v  30p
7442 70p 74167 340p CD4055AE 140p NE556 Dual 555 14pinDIL 100p | 45713 10p | TIPISA  225p | 2NB254 130p | Liaoov  32p
7443 140p 74170 250p CD4056AE 135p NESE) R heMIDemed 16pinDIL  425p | 4nC29a 1p [ TiP35C  280p | 2N6292  65p | liaGoov  3ep
7444 140p | 74172720p CD4059AE 600p NESe2 PLL wiih VCO 198D 3e0h | Bcasi  36p | TiPdoa 270 | 40290 250 | Loasov  3op
in TIP36C 34
7445 120p 74173 160p CD4060AE 130p NE566 PLL Fun Gen BanDIL 200p | ocels 3:'.: AT ag: 40361 asp Ay &=
7446 100p | 74174120p CD4069AE 27p NE567 PLL Tone Dec 8omDIL 2000 | gcy71  22p | TIP418  70p | 40362 a5 | Aona00v  aen
7447 85p 74175 85p CD4071AE 27P g&:;?’o gﬁz(%ﬁe Convertor 1§p{n g:t 4ggp BCY72 18p TIPA1C 78p 40364 1%0;: *3A 200V 60p
N 1 ¥ ‘omparator pin ] b1 40409 5
7448 80p | 74176 120p gg:g;gﬁg §(7): #3N72733  Video Amp | 1apnDIL 120p | Bol2% 1:3: us 72: 40410 ssp SRR &
7450 18p | 74177 120p A #SN76003N  PwrAud AmpwithintHS  16pnDIL  205p | gpy3p  esp | TIP42C  B2p | 40411  300p | an A00v oo
7451 20p 74179 160p CD4081A 1p ASN76008 10W Amp in 4 ohms SpinPlsic  250p | 480135 asp | TIP2055 78p | 40636  130p ssoviR oo
7453 20p 74180 110p gg:gggﬁg g;p ASNTBOIIN . Pur Aud Amp with it HS 16 pin OIL 8% | 50136 s0p | #1593 30p | 40594 88 | ai00v  s6p
7454 18 74181 298, P N7601 IO Amalnlslohms SpnPlastc  250p | 450139 52 *ZTX108 10 40595 97p
7480 1 8: T CDAS02AE 138p | #N76023N  PwrAud AmpwininiHS  16pnOIL 180p | 130140 sep | azix300 135 | 40871  sop | S 290V 198
N N wr Aud Amp with i pin P BDY56 20 *ZTX500 15 4
205e 56 P CD4510AE 130p wSN76033 Pwr Aud A hint HS 16 pin OIL 230 op a 0872 845 | 0as00v 2708
p 74184 160p 511AE 160, #5PB515 Prescaler 450MHz+ 10 16pnOIL  675p | grq1s 22p | #2TX502  18p 254 400V 4000
7472 30p 74185 150p CD4a 16 160p *TAAG21A Aud Amp for TV ait 2250 | grig7 23p | 2n457a 190p | FETs
7473 34 74186 920, CD4516AE 112p *TAA6618 FM (F Amp-Limiter/Oet QIL 120p INGS7 22p | *BF2448  36p
p p BF170 23p P
7474 34p 74190 160p CD4518AE 130p #TBAB4 18 Audio Amp ai 250p 8F173 25p 2N698 asp | #8F2668B  70p
741LS74 56 74191 160, CD4520BE 100p +TBABS1 Tuner & IF Amp 16pinQIL  200p BF177 26p 2N706 20p | *MPF102 45p
et p CD4528AE 120p | *TBABOO 5W Audio Amp Qi %0p | pri7g zsn | 28708 20p | aMPF103  aop | TRIACS
;:;g ;GP 74192 120p CDa560BE 250 *TBAB10 7W Audio Amp aiL 100p | gry179 33p | 2N918  a0p | #MPFI04  40p | Plasuc
p 74193 160p LD *TBAB20 2W Audio Amp Qi 80p BF180 33p | 2N930 18p | *MPF105  40p | AmpVolis
7480 50p | 74194 120p MEMDRIES #TCA940 10W Audio Amp Qi 200p | ariga 22p | 2N1131  18p | #2N3819 25 | 3 400  &Sp
7481 95p 74195 95p 1702A 850p | *10A2020 20W Audio Amp QiL/ o 325p | 45F104 Top 2N1132  18p | #2N3820  s50p 6 400 99
7482 90 74196 120 2102 180p | *2N414 TRF Radio Receiver 10-18 110p | 4gr195 9p | 2N1304  7s5p | 2N3823  s7p 6 500 107p
7483 go: i 20: 2102.2 200p ZN425E 8 bi1 0/A Converter 16pinOIL  430p | 45r19g 1ap 2N1305  7Sp -gwggg; 40p :g ggg :igv
) *BF197 15 2N1306 75p 2N 40p p
-_llgg‘é : ;gp ;3 1 gg gggp gf: ?; 2 1 gggp BasiC data sheets on above at 20p each +S A.E 8F200 32: 2N1307 75p 'g:g:gg :gp :g ggg :::
P ! P : 2 PTO-ELECTRONICS ) ey el IR DD | 2
7486 34 74221160 2602 180 a BF258 36, 2N1309  75p | #2N5460  7yop | 40430 130p
7489 320:: 74251 140:: 5101-1 5503 OCP70 90p ORP12 90p BF259 45: 2N1613 25p | *2N5485 40p 40669 130p
7490 40p | 74265 90p | 6810A ao0p | OCP71 120p ORP6O 90p | BF337  30p | 2NMTI1 259 | yospETs Bmi00 30p
7491 85p | 74278290p | BOBOA 950p | 2N5777 45p ORP61 90 | dw | NI ey | iz sk
7492 §5p | 74279140p | 8212 200p | LEDS . e B 3276 son| 3ni0  esp
7493 40p | 74283190p | 8224 400p | TIL209 Red 16p 02" Red 18 | lRys  20p | a2z 20p Niey 1900 HEATSINK
7494 90p 74290 150p | 8228 700p | TIL211 Green 20p Green 20p | 4+8FRB0 30p | 2N2369  14p | Lnecd 83p | For T0-220 Vol
7495 70p | 74293150p | 8245 450p | TIL32 Infrared 75p _ Yellow S | B 300 | 2N3384/a 30| 40673 63p | Rogs ana Transis
7437 3a0n | 743883908 | oo 300 o 19, LT L A RIS el B A 8 v il Bl e
4 3015F 190, p FX84 30p N / o 0
74100 120p 74366 150p | AY-5-1013 600p 08704 Red 140p END 500/507 120p | BFX8S 30p | *2N2926R  7p | #TiS43 3p | CRYSTAL o
74104 65 -3-251 80 BFX86 30p | #2n29268 7p 2N2160  120p | *1MHz P
0 p | 74390200p | RO3-2513 0p | DL707 Red/Green 140p TIL311 600p | BIXSY 300 | wan292%60 10n | 2n26a6  asp
74105 65p 74393 225p X887 __1360p | p| 747 Red/Green 225p TIL321/322  130p BFX88 30p | *2N2926Y  12p *2N4871 54p
VOLTAGE REGULATORS — FIXED — PLASTIC Drivers: 75491 84p, 75492 96p; 9368/9370200p [~
1 Amp Positive 1 Amp Negative 5 C106D
5V 7802 ng 12& ;gog :gg;; 1§C?0JHTYOI§ISTOH7SOP 4A/400V  Piastic 63p WE WISH YOU A JOYOUS CHRISTMAS AND A VERY
12v. 781 ] 1 1A100V TOS 80 *MCR101 PROSPEROUS NEW YEAR
15V 7815 115p 15V 7915 160p 5 gop 05A/15V  T0D-92 35p | To mark the festive season, we are offering a large number of popular items
1A400V TO p p
18v 7818  115p 18V 7918 160p | 3,400V Stud 100p 2N3525 at specially reduced prices. Please send S A E. now as the offer closes on
24V 7824 115p 24y 7924 160p 7A100V TO5+HS 84p 5A/400V  TO-66120p | 21/1/78.
LM309K 1 Amp 5V TO3  140p LM323K 3A 5V 700p 7A400V TO5+HS 90p 2N4444 We stress the fact that we are totally quality conscious and do not offer
LM309H 100mA 5V TO5 75p 8A 50V Plastic  130p 8A/600V  Plastic 185p | substandard or rebranded items for sale
TBA6258 12V 0.56A TOS 120p 12A400V Plastic 160p *2N5060 k
VARIABLE VOLTAGE REGULATOR 16A100V Plastic 160p 0 8A/30V TO-92 34p e =
’.7’23_ 2_‘\;0({“3\2/5 1203?—‘&% pin DIL 45p 16A400V Piastic  180p *gNasoszoov s PLEASE SEND S.A £ FOR OUR CATALOGUE
REG R i 8A/1 - Al -
DAGE = 16V 100mA 16 o 1L 300p qeReoov Plastic  220p O e . 1092 3TP [ VAT RATES: All items at 8% EXCEPT where
(Adjustable by resistors from + 8V 1o + 20V) 147700V Stud 110p  0.8A/200V TO-92 40p | markedk which are at 12%2%.
LOW PROFILE DL SOCKETS BY TEXAS ™~ TRy SR TECHNOMATIC LTD.
P P P P B L5 LD p Govt,, Colleges, etc. orders accepted. 54 SANDHURST ROAD, LONDON, NW9

22 pin 40p., 24 pin 50p, 28 pin 60p, 40 pin 75p.

, ©iease add VAT to total Tel: 01-204 4333. Telex 922800

‘NEW IMPROVED

NEW ! AMERICAN STYLE CRADLE

HIGH QUALITY TELEPHONE AMPLIFIER

LOW DISTORTION
OSCILLATOR

An ideal instrument for testing
hi-fi systems.

Designed by Mr J. L. Linsley
Hood

ONLY

29.99

per pair
+ V.AT £375

Kit price, £19.50. Made and tested, £23 (+ tax at 3%') Latest transistorised Telephone Amplifier

Specification —

p-p. and insurance £1.00
Frequency range: 10 Hz-100 kHz in 4 steps
Output: 10mV—1 voit in 3 steps
Sine- and Square-wave forms: Dist below 02%
Attenuator: Powered by 9 V battery

Other instruments: MILLIVOLTMETER, FREQUENCY METERS, 60 V | A
REG P.S.U., F.M. SIG GEN., DISTORTION ANALYSER A/so. HI-Fl AMP
KITS 10-100 W F M. TUNERS
Linstey-Hood oscilator (WW, Sept.-Oct '77) at £36, including metal case
and front panel
SA.E for further information to.

KEF SPEAKER UNITS and the latest Mr

is completely automatic with detachable
plug-in speaker. Placing the receiver on
to the cradle activates a switch for
immediate two-way conversation with-
out holding the hand-set. Many people
can listen at a time. Increase efficiency
in office. shop. workshop. Perfect for
‘conference” calls: leaves the user's
hands free to make notes. consuit files.
No long waiting. On/Off switch. volume
control. Model with tape-recording
facility £16.95 + VAT £1.36. ¥ & P BYp
C.w O 10-day price refund guarantee

Made 10 High Safety and 1elecommunica-
tions Standards The modern way of instant
2-way communications. Suppiied with
3-core wire. Just plug into power socket
Ready for use Crystal clear communications

‘from office 1o office. Operates over :-mile

range on the same mains phase. On/oft
switch. Volume control  Useful as office
mtercom, surgery and homes, between
office and warehouse Full price refund it
returned in 10 days. Six months’ service
guarantee. P & P. 99p.

TELERADIO ELECTRONICS
325 FORE STREET, EDMONTON, LONDON, N.9
Telephone. 01-807 3719

WEST LONDON DIRECT SUPPLIES (W/W)
169 Kensington High Street, London W.8
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MULLARD UNILEX
A mains operated 4 + 4 stereo system
Rated one of the finest performers in
the stereo fheld this would make a
wonderful gift for almost any one 1n ‘((
<

easy-to-assemble modular form and
complete with a pair of Plasscy
speakers this should seli at about £30

- but due to a special bulk buy and as
an incentive for you to buy this month
we offer the system comptete at only
£14 including VAT and postage

ROOM THERMOSTAT
Famous Satchwell. elegant design. intended for wall
mounting Will switch up 10 20 amps at mains voltage. covers
the range 0 30 C Special smp this month £3.00. post and
VAT paid

WINDSCREEN
WIPER CONTROL

Vary speed of your wiper to suit conditions. All
parts and instructions to make £3.75 post and
VAT paid

MICRO SWITCH BARGAINS

Rated at 5 amps 250V. ideal to make a switch
panel lor a calculator and for dozens of other
applications  Parcel of 10 for €1 VAT and post
paid

RADIO STETHOSCOPE
Easiest way to tault find. traces signal from aensal
10 speaker when signal stops you've found the
fault Use 1t on Radio. TV. amplifier, anything. Kit
comprises transistors and parts nciuding probe
tube. twin stetho-set. £3.95 VAT and postage incl

MULTISPEED MOTORS

Six speeds are avalable 500, B50 and 1,100 rp.m
and 7.000. 9.000 and 11.000 rp.m Shaft is % in
diameter and approxsmately 1 jong 230/240V Its
speed may be further controlied with the use of our
Thyristor controller Very powerful and uselul motor size
approx 210 diz % 5in. long. Price £2 including post
and VAT

RECTANGULAR HOT PLATE

Aluminium panel with ridged top
and angled underneath to
strengthen it This is approx. 10" X
4'4" of flat plate. Beneath this is a
100w etement and sensor switch
which will maintain the surtace of
the plate just too hot to touch With
leads and tags. This 1s 1deai if you are
making up a food warmer or for an
airing cupboard. etc. Price £1.03.

HUMIDITY SWITCH

Amenican made by Ranco. their type Na. J11 The
action of this device depends upon the dampness
causing a membrane to stretch and trigger a
sensitive microswitch adjustable by a screw. quite
sensitive — breathing on it for instance will swiich
iton Micro 3 amp at 250V a.c. Overall size of the
device approx 3%in long, 1in. wide and ' %in
deep 75p.

MAINS RELAYS

With tnple 10 amp changeover contacts
operaung coil waund for 230V ac Chassis
mounting one screw fixing. ex unused equipment
80p each. post and VAT pad

MICRO AMPLIFIER

Ex behind the ear hearing aids

complete with volume control
s = £2.16.

MERCURY BATTERIES
Bank of 7 Mescury cells type 625 which
are approx ¥ein. dameter by Ymn thick
In plastic tube giving a total of 10.7V

Being in a plastic tube 1115 very easy to break up
1he battery into separate cells and use these for
radio control and similar equipment. Carton of
25 batteries £1.60.

PP3/PP9 REPLACEMENT
Japanese made 1n plastic container with leads size
2in X 1%an X VY30 . this s 1deal to power a
catculator or radio. it has a full wave rectifier and
smoothed output of 9V suitabte for loading of up to
100mA. £2.53.

SWITCH TRIGGER MATS

So thin 1s undetactable under carpet but will switch

on with shightest pressure. For burglar alarms

shop doors. etc 24in X 18in. £2.33. Post and

VAT 60p. 13in x 10in £1.85. Post and VAT iy
50p '

MAINS TRANSISTOR PACK

Designed 10 operale transistor sets and ampldiers. Adjustable output 6V
9V. 12V tor up 10 500maA {ciass D working). Takes the place of any of the
following baiteries PPt PP3. PP4 PPG, PP7, PPQ and others Kit

comprises main transformer rectiier, smoothing and 0ad resistor
condensers and instructions Real snip at only £1.50. VAT and postage
50p

GONTROL
DRILL

DRILL CONTROLLER
Electronically changes speed from app
roxrmately 10 revs to maximum  Full power
at all speeds by finger-tip control. Kit
includes ali parts. case, everything and tull
nstructions. £3.45 including post and VAT
Made-up model £1 extra

SOUND TO LIGHT UNIT

Add colour or white hght to your amplifier Wili
operate 1. 2 or 3 lamps (maximum 450W) Unitin
tox all ready 1o work £7.95 plus 95p VAT and
postage

8 POWERFUL
BATTERY MOTORS

For models. Meccanos. dnils. remote centrol
planes. boats, etc. £2.

ROTARY PUMP
Seif pnming portable, fits dil or electric
motor. pumps up to 200 gallons per hour
depending upon revs Virtually uncorrod-
abie. use to suck water. oil, petrol, fertihser
chermucals. anything hquid Hose connectors
each end £2 post pard

MULLARD AUDIO AMPLIFIERS

All (0 module form. each ready built complete with heat sinks and
connection tags. data supphed Model 1153 S500mW power output
£€1.50 including post & VAT

Model 1172 1W, power output £€1.85 n-
cluding post & VAT

Model EPO000 4 watt power oulput £2.90
including post & VAT EP 9001 win channel or
stereo pre-amp £2.90 including post & VAT

SHORTWAVE CRYSTAL SET

Although this uses no battery it gives really

amazing results. You will recewve an amazing

assortment of stat:ons over the 19, 25 29 31

metre bands. Kit contains chassis, front panel and Y .

all the parts £1.90 — crystal earphone 55p, - 3
including VAT and postage -~

BREAKDOWN PARCEL

Breakdown Parcel — four unused. made for compution
units g most useful p s and these
computers unlike those from most computer panels,
have wire end and usable length. The transistors lor
instance have leads over 1in. long — the diodes have
Y3 leads

List of major components 1s as follows 17 assorted transistors. 38
assorted diodes, B0 assorted resistors and condensers. 4 gold plated
plugs i units which can serve as muitipin plugs or as hook up boards for
experimental or quickly changed circuits (note we can supply the socket
boards which were made to receive these units). The price of this four
units parcel 1s £1 including VAT and post {considerably less than vaiue of
the transistor or diodes alone}. DON'T MISS THIS SPLENDID OFFER

FLUORESCENT TUBE
INVERTOR

For camping — car repairing — emergency iightng from a 12v battery
you can't beat fluorescent ighting. 1t will offer plenty of weli distr:buted
light and is economical We offer invertor for 21'" and 13 watt mimiature
tube for only £3.75 with wbe and tube holders as well

AMPLIFIER PANEL

6 photo sockels and d.p. changeover slide swiich all mounted on
insulating board Glossy black finish size 2'* X 8% '’ approx — silly price
35p, o7 £1 forsix

THIS MONTH'S SNIP

Don't miss this exceplional bargam.

Is 2 mlajalure seatad relay 12v dc oparated wilh two
sefs of changeover contacts The umgue feature of this
relay is ils beavy leed aut wires. Thess pravide
adequate support and Iherefore the relay needs no
fixing. On the other hand there is a llxing boll thraugh
one side so if you wish you ¢an fix the ralay and use its
very sirong lead outs 10 secure Circuit components —
an expensive refay, we are oflering them al only 87p

EXTRACTOR
FAN

Ex-computers made by Woods of Coi-
chester. ideal for fixing through panel
— reasonably guiet running — wvery
powerful 2500 rpm. Choice of wo
s1zes 5 or 63" dia €5 and £6.

PAPST MOTORS

Whrst German make these fine motors are noted for the:r performance and
relabsiity. Special features are the rotating heavy outer which acts as a
flywheel to eliminate wow and flutter and switchable reversing We have
four types in stock . all 1350 revs , including starting capacitor

{3) Ret same as above. 115 vohs 50HZ £3.30.
{4) Ref same as above. 110 volts 60HZ £3.30.

SPIT MOTOR WITH CARTER GEAR
BOX

Probably one ot the best spit motars made
Onginally intended 10 be used in very high priced
cookers. however this can be put (o plenty of other
uses for instance your garden barbeque or to drive
a wmbler for stone polishing n fact there are no
ends 10 its uses Normal mains operation, £4.32
including post & VAT

-
Do, Wi

LATCHING
RELAY

by Guardian Electric mains operated it (s 1n fact two retays mounted on a
metal base piate. The relays being mounted in such a way to ensure that
when one closes the other opens and vice versa thus when ciosed relay A
would remain locked unti manually released or electrically released by
energising relay B Each relay has 2 sets of 10 amp changeove: contacts
Should be ideal tor burgiar alarms and similar apphcations £2.11.

HONEYWELL P.B.
MICROSWITCH

-2 or 3 10 amp 250V change over microswitch thco
panel mounting by lock nuts 1'' dia black knob 1
switch 40p, 2 switch 55p, 3 switch 70p. %\

TERMS

Cash with order — delivery same day as arder recewved. Prices inciude VAT
and carrage uniess siated but Orders under £6 must add 50p to off-set
packing, etc

BULK ENQUIRIES WELCOMED

(1) Ret. No KLZ 20.50-4. 230 volts 50HZ £6.30.
2) Rel No KLZ 32.50-4. 230 volts 50HZ £7.28.

J. BULL (ELECTRICAL) LTD.
{Dept. WW)
103 TAMWORTH ROAD
CROYDON CR9 1SG

IT'S FREE!

Our monthly Advance Advert Bargains List gives details of
bargains arriving or just arrived — often bar
before our advertisement can appear. — It's a
free — just send S.A.E. Balow are a few of the Bargains still available
from previous lists.

FM Tuner and decodaer, 2 very well made (Japan) units. nce clear dial

excellent reproduction £9.98 the parr £1 25 VAT

12 Voit Heavy Duty Relay, plug in type has three pairs of 10 amp
changeover conlacts A transparent dust cover. price £1 + Bp. suntable 11
pinbase 27p + 2p

4 Changeover Mains Relay, upright mountng with perspex type dust
cover. the really interesting feature, is 4 sets of 10 amps changeover
contacts. price £1.62 + 12p

12 Vot Pump. Designed we beheve as a bilge pump. this s 12 volt AC/ DC
motor coupled by a tong enclosed shaft to 3 submersible pump Suitable tor
water or most any flusds. Price £1.70. Pos1 80p

Just arrived. Fruit machines. working order. very impressive choice of
several but very heavy so you must collect. £50.

High Load 24 Hour Ctock Switch, made by the famous AEG Company for
normal mains but with clockwork reserve has load capacity of 80 amps at
240V 50HZ. Therefore suttable for dealing with large loads of say shop
bghting. water heating. storage heatars etc etc Has triggers for on and of!
once per 24 hours but extra triggers wilt be available. Price £1.50 per pair

Size of ciock approximately 8 x 5 " x 5, 1otally encased but has hft up flap
for ease of altering switching times. Price, new and unused £10.65 or used
but guaranteed o k £6.50.

Enclosed 24 Hour Clock, with contacts for breaking 10-12 amps at 240
volts This ane has two sets of on/ otf per 24 hours. price £7.

Smiths 24 hr. Timers-Heart only, with over-nde similar 10 those used in
the auto setetc  £4.75 + 38p

Ditte but in grey plastic wall mounting case. with leads ready for attaching
o plug and socket, price £6.98.

Light Dimmer, our timer module with smail mods makes an excellent light
dimmer Contans a 4 amp 400V SCR so it should be suitable for loads
approaching VKW Price of module with variable resistor and mnsiructions
£2.25

Push Pu!l Solenoids, mains operated soienords which witl push as well as
or instead of pull. Very heavy duty. estimate this at 201bs push or puli. 1%
x3% x4 made Magnetic Devices Co. £7.50.

Flashing Lights, chasing lights, random flashes strobe effects etc etc. can
easily be achieved using our disco switches and with Christmas just around
the corner you can do something special for your home or business. These
switches are offered at approximately one-fifth of their proper price, are
ex-equipment but guaranteed pertect and supplied with an adaptor suitable
for mains working. To getl some idea of the loading number, each switch is
10 amp which 15 approx 2%:kw so the 6 swich model could handle over
12kw's For the hight pipe or Catherine Wheet effect we suggest 12 swiich
model. interconnecting the switches to give fastest speed 6 Switch model
£€5. 9 Switch Mode! £9.75. 12 Switch model £6.20 Also adds 50p post
per switch If you want the hght pipe diagram please request this.

Always in Stock. Turntables with pick up hft, 1deal for disco's at £11.95,
post £2 25 We are also expecting some professional belt drive type at £25
Call or rsing us lor more information

Reed Switches, standard 60 watl glass type Normal open contacts glass
lengths 2" diameter 3/16°° 10 for £1 + 8p. 100 for £8 + 64p 1000 for
£65 + £5 20

Flat Reed Switches, for stacking. greater quantity in confined space. Price
50p each + 4p.

Single Ended Types for jobs where it 1s not easy to bring a lead to each end
75p each All these switches are normally open but can be biased to a
normally closed posiion by fitting a rmagnet adjacent. The reed swiich
would then be opened by a magnet of opposile polarity being bought up 10

1"
Co-nmic Magnets suitable for operating reed switches. central fixing hole.
10 for £1.
Music Centre Transformer 12.0-12 at 1 amp and 9 volt at % amp
Normai primary, uprighting. impregnated and varmished for quiet
operation. Price £2.95. Post 54p
‘W’ Shaped Fluorescent Tubes for porch light. box signs or where you
want light evenly spaced over a confined area of approx 10" x 10" 30
walts, made by Philips price £1.60. Post 54p
Plinth for BSR Record Player st available at the record price of 95p +
12p. This 1s excellent value but uniforiunately bewng a bulky and dehcate
item the postage has to be £1.50 + 12p so this 1s obviously only a bargain
for callers.
2} A similar model also available at the same price this is somewhat larger
and has a cut out for an amplifier
OQur Smokey Cover can be used with the above plinths four smalt locating
pins are fitted to the motor board. Size approx 12':" X 14% " price £2.50
+ 32p Posi£200 + 16p.
Extension Speakers 8 ohm 4.5 watis handhing power We have 5 or 6
different models n stock cheapest being the Partytme at £3.98 each
again only really a bargain for cailers as postage s £1.50 per speaker
T.V. Monitors, an item for caliers, believed to be in good working order.
switchable thro' 405-525 & 625, 21°’ tube line systems. normal controls,
volume, brightness. contrast. width eic Price £16.20, 12" model £18,
suitable for conversion into special purpose scope. it
Auto Transformers for working Amernican tools and equipment
completely enclosed in sheet metal case with American type flat output
socket made for computer so obviously first class. 500 watts. With cang
handle. offered at about half price onty £16 + 80p. carriage £2 + 16p
These may be a bit soted but are fully guaranteed. Similar but 1000 watt
£29.50 or £6.48. Pos1 £1 62
Car Starter Charger Kit. New version We supply two 10 amp rectifiers,
250V transformer and the start charge switch with instructions, price £7.50
+ 60p Post£1 50p + 12p. This s probably one of the most useful pieces
of equipment you can have in your garage Sooner or faler you or someone
will leave something on and you will have a flat battery. this starter witl get
you away usually in less than 5 minutes

le Counter by Company. 230/ 240V mains operated.
Intended for surface mounting has a faung flange at the bottom Price
£2.16.
12V Drip proof Relay. Specially designed for going under the bonnet of 3
car. made by one of our big manufacturers, this reaily has a removable semt
hard rubber cover Contacts ook suitable for up to 10 amps so this could be
the right one il you are thinking about making an anti-thief device. Price £1
+ 8p
High Speed Uniselsctor. As many customers know, we have a very
comprehenstve Stock of umselectors as used n automatic telephone
exchanges. light flashing device etc. eic. Just arrived. however. is a high
speed model made by famous Plessey. this 1s 2 pole 32 way with make
before break wipers, overall size approx 4" x 3" X 24" price £3.50 +
28p Post40p + 4p
Air Compressor, with V' beltdrve pulley drive this by 2 h.p moior and
you have a compressor suitable for spraying. tyré pumping etc. eic. Price
£8.64 + 64p PostE2 16
Pneumatic Ram for lifting. thrusung. putling eic etc has 2% trave. looks
large enough 10 open doors. 1. staiwrcase. vennlators eic Price £7.00. Post
80,

3Ikw Tangeantial Heaters, standard model wilh elements suitable for 1.2 or
3kw and with salety thermostat 10 cut off heating if ar flow 1s impeded
Metal impelier £5.95. Post£1 50

by

Walt M g T modern di d white. will
switch to 20 amps at mains voltage. covers range 0-30c Price £3.
Solder Gun Bargain. The ETP this 15 100 wait solder gun. a very wolb
made 1ool with lamp to dluminate work has double (nsuiated mains
wansformer and 1s built inio the shockproo! thermoplastic case Comes
complete with spare ups Mains operated of course Price £3.50. Post
£108
Interested in Tape Contral. Amer:can made tape punches. really beautitul
units full ot sophisticated parts, designed we believe 10 automatically
aperate typewniers and they can of course be used to operate other punch
tape controiled machines Reterence number s NCR Class 461-2 relerence
205 HB R56 We believe these are B bit paper tape punches. powered from
115V 50HZ in very good condition with tape £16.00, carnage 1s £3.20
Memories. The memory units which work with these tape punches. again
by N C R aren very good condition and we behieve in working order Price
and delais on request
Tangential Blowars. 12’ long with powerful induction motor ideal for
biowing heaters or generai air exiraction or circulation, offered at low price
of £2.70. The motars are 1 10V so you will have 1o work them in pairs or
through a dropper or mains transformer Post£1 08 for one or two
Digial Panel made lor the G P O for incorporation we understand. in
push button diailing units. this has the usual 10 digits. each of which when
D a two pole g switch Really beautfully made
size approximately 4'' square Prce £3.78.
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Light on the scene. |
Local lighting just where

\G
you want it with Click’'s ¢
elegant, adjustable Spotlight

or snake-arm Reading Lamp

Tidy wires.

With Click you can hide all your

leads and wires inside the uprights._ §
with a neat, snap-in cover strip. .~

~

Keeping it steady. -~
With shelves fixed firmly to |
the wall, you eliminate floor |

vibration problems

Finding a level.
IChck brackets are &=

infinitely adjustable
{l forheight so you
gcen always get your
shelves level.

1

- =]
- Shelving for hi-fi.

1 We've solved the problems. |

| g€ Postthis ad. with your name and address for il
| | f“ al0-page leaflet to Click Shelving Ltd. |
B Lowmoor Rd, Kirkby in Ashfield, Notts, NG177LH &

T TR L R P A R R R RS T T
WW—072 FOR FURTHER DETAILS

11

FOR RESEARCH MACHINES 380Z COMPUTER SYSTEMS PLEASE SEND
FOR INFORMATION AND PRICES

N TEL

DATA BOOKS

we Memory Design Handbiook £5. 30
(ntel BOBL Micr scompatar System User » Manu o £5 25
11atel 8085 M rox omiputer System User s Mar £5.55
Motorola Booklel From the Computer 1o the MiCiagi o esse 11.80
Motorola McMOS Databook Vol § Seces B £3.50
Motoroio M6 .0 Microprocessar Applicatinn s Mar €12 05
Motorola M6 = 10 Progeamm ) Manc i £5.3%
Natonal 2C 5P Introk 1 User s Mari il EO 75
Natonal =C WP Tecnmical Descoption E1 Bi
Nat onal zem (onductor TTL Databook E2 10
RCA CMOS an¢t Limear IC Darabook ES 45
Texas Instcuments P o Conbguration Guid Av case o8 f s fssnmeny §od oo |
anout views of 7400 ICs p us many others (71 Mo ares O Anpe et £2.95 |
280 Assemby Languag: Proiy ammating Man £7.50
Zog =0 CPU Techmcal Manudl £5.60

Zilay “80 CTC Product Specd catons
Ziog 257 P10 Tec b al Manua €3.30
THE BEST OF BYTE Vol. 1. A selection of best arucles from the [ rst twelve issues of BY TE magazine

COMPONENTS

SOLDERCON CLOCK CHIPS OISPLAYS CRYSTALS MEKG80002  190.00
PINS AY51202 310 FNOS00 1.30 32 768KHz 3.50 MC6800 15.97
100 056 ay51224 250 T3zl 150 512MHz 3.60 MC5820 8.02
lo0¢ 408 MKS0253 560 TILIZZ 149 180 CPU 2844
3000 10 54 SLTOH 4,90 MEMORIES/ Ps 2804 CPY 36 m
210246 2.05 780 CTC 12 60
Free dala 15 availabie on some of Uhesa iems SENO FOR FREE CATALOGUE. 241244 290 780710 12
L0403 1.04-CD1031 2,30 COACAR .58 L0 023 Dduss 111
C03015  1.04 €003y 1,02 Cd 19 58 LUI0/Y 0.23:.D100 1 un
C0A016  0.58 CD4033  1.44 LOJ0H &581D1) 5 N23L0iW0 178
CDI01/7  1.04pa03s 197 CDA0L1 K94 DO n23 1510 141
Mainty RCA CDA018  1.03 CD403% 122 LDI0S) RO4LLIU/L ¥ 34LUINI) 1 12
CDIC19 0.8 CH1N%6 3,29 CDI0OHY 094 (03077 045101513 2 K
C0I000  0.17 COA020 1.28 D403/ 0,98 CDIUSY  1.20CDANTE  0.23 (D4 )1 37
CD3001 0.8 CDA02' 1,04 CD40G38 1,10 D 055 13IBCHANNT m23 His1e 140
CD4002 0.7 CD4a02. 0.94CD:039  3.20 CDI0SH  1.36 01 R 0:23 1 18 1LFhL
CDA0 ¥ 1.20 C04A023  0.23 CD3040 101 DI 1 4.93CDI0ASY 474D 20 118
Ch3fi! @18 (D30 3+ 0.80 LDINY 0.86 LDIO6D 195 D186 €L74(DIS /164
CDI0 L 1.00 (D 05 0.23C04040  0.86 COIOKY 113 40 1.60 D454 118
CD3014 . 058 CO3020  1.78CDI03 3 1.01 “DI0GL 1631 w30n ¢ 092 (Dahs5 0.8
CDa01: @58 CD1U2/  0.58 LD4044  0.96 ( 339 7 4.85:1.Diuyl  1.94 L.D1%56 09N
CDA011 @20 (DIN/Y  0.92 CDI045  1.45 CDIVAE  1.23 (04085  1.08 M( 14528 1.22
COI012  ©.23 CDA029 1.18 (DJ046  1.37 "Diuoy  123C40496  1.08 ML14553 4.68
CD4013 1h58 CDAU30 0.68 CD401/ 1.04 (030701 (kST DII}/ 3 8BS M6-0S  8.05
O #4100 e a1 209 Cowle, How Oxtord bu g ' s

FAST SERVICE. We guarantee that Telephone Orders for goods in stock. received by 4.15
p.m. {(Mon.-Fn) will be dispatched on the same day by 1st Class Post (some heavy items by
parcel post) and our stocking i3 good Private customers should telephone and pay by giving
their Access or Barclaycard number with a minimum order value of £5. Official orders no
munimum. Dfficial orders, Companies, Govt., Nats , Inds., and Univs

ORDERS. CW O wlival m 8 Wipigap TEEEELDNE Dot URDERS 1
VAT at 8 LISTRNTE-TH) i i ~ =t AN
SERVICE EXPORT ORDERS welcume o0 VAT twtad ) f D grmin I A M
W Fo Exp iy B Sug AN o

=3 SINTEL
N Is" PO BOX 75C OXFORD
Tel: 0865 49791

mcoorp-po mman M =] @ == ) zonozman

Good ||st‘emng begins with the right equipment—and the
Hi-Fi Year Book gives you the low down on just about everything
the market'has to offer. With separate illustrated sections for
every major category of equipment, it’s got descriptions, prices,
spectfications, who makes 1t, where to buy it —everything you
need to know. And all this information is backed by authoritative
articles on the latest hi-fi developments, including quadraphonic
recording.|But you'd better order your copy quickly —lots of
people will'be pricking up their ears at news of this latest edition.

HI-Fl YEAR BOOK 1978

Available direct from the publishers @ £3.40 inclusive

or from leading booksellers and newsagents price £3.00.
*To: IPC Business Press Ltd., Room CP34 ORDER FORM :
: Dorset House, Stamford Street, London SE1 9L U.
Please send me copy/copies of Hi Fi Year Book 1978 @

+£3 40 a copy inclusive. “emittance enclosed.

2Cheque/P.O. should be made payable to IPC Business Press Ltd
L]

[tesssssccsccsencaREREREl

 NAME

s (please pont)

® ADDRESS

: |

H

» Reqgistered in England No 677128

2 Regd Oflice Dorset House. Stamford Street London SE 1T OLU WW
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Scop x Instruments Limited, Pixmore Industrial Estate, Pixmore Avenue.
%Lexchwonh Herts. SG6 14J Letchworth 72771 (STD-046 26)
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WW—OSO FOR FURTHER DETAILS

TEN Goob REASONS FOR BUYING
THE NEW FLUKE 8020A DMM.

1. 26 ranges of AC/DC volts and amps, ohms
and conductance.
2.0.25% vdc accuracy over 10°C range for 1
year.
3.'High power ohms for diode testing.
4.'Low power ohms for in-circuit resistance
measurement.
5. Conductance ranges allow leakage
measurement to 10,000 M &2 .
6. 9v battery gives typically 200 hrs. life.
7. Protected to 250v dc or rms on any range,
any function.
8. Protects to 6kv for 10ps on any range, any
function.
9. 2 year warranty on parts and labour.
10. Large liquid crystal display.

Harlow(0279)29522

Y instrument services.

Edinburgh Way, Harlow, Essex. CM20 2DF. Telex: 81525
The only way to buy.

WW—010 FOR FURTHER DETAILS
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Tomorrow's Electronic Organ Kit is Here

GALAXY

The Flagship of the
WERSI range of
Organs

WERSI is the first kit producing
company applying the latest
achievements of the space age
technology.

This has decisive effects on the
technical and musical quality of
WERSI’s electronic organs for the
do-it-yourselfer.

The application of modern integrated
circuits, so-called IC’s, simplifies the
organ construction considerably. A
single IC may replace up to 10,000
conventional electronic components.

In addition, IC’s save a lot of space
and they are extremely reliable
devices.

WERSI, however, went a step farther
yet. IC’s which were not available on
the open market were developed for
specific purposes by WERSI
engineering. They are being produced
by the most highly reputed IC

manufacturers in the world. The result:

economical electronic organs with the
most up-to-date techniques and
unsurpassed musical capabilities.

T T T T T

POSSIBLY A NEW NAME TO YOU,
BUT KNOWN IN OVER 25 COUNT-
RIES FOR THE SUPERIOR IN-
STRUMENTS WHICH THIS GER-
MAN COMPANY PRODUCE.

il
il

USED BY WEST GERMAN
BROADCASTING SERVICE

PLAYED BY KLAUS WUNDER-
LICH AND OTHER FAMOUS
ORGANISTS

Without doubt, the most
comprehensive kits and the
most up-to-date designs
available today. Just consider a
few of the features

@ Precision Master Generator, using MOS-LSI.

@ Integrated electronic keying in 1L techno-
logy

@® Unique — All switch functions are program-
mable.

@ Even the smallest organ has drawbars in
addition to fixed stops.

@® Craftsman-made cabinets available in 5
veneers.

@® Ready-made wiring harnesses eliminate
errors.

Send now for the 104 page full colour cata-
logue and 16 page price list describing the 8
organs in the range, together with the com-
plementary kits which WERSI produce.

To: AURA Sounds, W1, Copthorne Bank, Crawley, West Sussex

I enclose £2.00, refundable against my first order to the value £25,
please send the Wersi Catalogue and price list.

www americanradiohistorv.com
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EMI. Decca (UK), BBC, Pink Floyd
Hawker Sldley, Metropohtan Pollce The Who,

Includmg

Queen, Thames TV, ITN, Capltal Radio,
Decca (France), Ministry of Defence, Birds
Eye, Rolls Royce, Crown Agents, Madame
Tussaud’s, Island Music, Chappells, Dick
James Musnc Neve, Ahce Israel Defence
Ministry, Yes Musm Umversuty of Bucharest,
Pye TVT, Avon Health Authority, Government
of Seychelles Philippines Radio, London
Broadcasting, Rolling Stones, Thin Lizzie,
British Railways, Natural History Museum,
Virgin Records, Kirilo Savic Institute of
Belgrade, all British Universities, London
Weekend TV, BOC, Wings, IBM, every Local
Radio Statlon Post Office Research Rank
Organlsatlon and many others.

ThatITA has more to offer:
®Location. In Central London -easy parking.

®Delivery. Large stockholding covering
500 versions for immediate delivery.

® Servicing By Revox factory trained staff.
Quickest turnaround time.Machines

supplied or rebuilt for special requirements.

@ Pricing.Check our prices-you will find
them Iowest ALWAYS.

REVOX

A wide range of two channel recorders
from this famous manufacturer. with
tape speeds from 15/ 16 ips to0 30 ips.
Options include variable speed and
sel-sync Models include A77. B77
and 3.77 with 3 speeds and editing
(designed and modified by ITA
specithically for professional appl
cations}

TEAC

Recorders for logging and studio use -
tape speeds from 1% to 15 ips. 2. 4 or
8 channel. A range of mixers is also
available

ITAM

4 and 8 channel recorders for studic
use Any tape speed from 1% ips for
logging and data recording.

-
)

Ay

QTARI

Duplicating equipment for high speed
cassette copying, including the
DP40S50 mode! — the world's finest
in-cassette copier, with 6 slave units

1-7 Harewood Avenue, Marylebone Road, London NW1. Tel: 01-724 2497.

WW - 081 FOR FURTHER DETAILS

Telex: 21879.

www americanradiohistorv. com
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If you still think
we're like this

Electronics
Weekly

Today's Electronics Weekly has more news. More new
products. Invaluable techniical teach-ins on major
innovations —the current series features
Microprocessors. A new feature, 'Perspective, which
turns a penetrating and impartial eye on leading topics
of the day. .. these are just some of the ways in which
itis constantly increasing its depth and scope. If you
haven't seen a copy for some time, find out how behind-
the-times your ideas about Electronics Weekly are.
Post this coupon now!

C e 3 1 1 1 1 I J ' 1 3 ' 7 1 1 ° J /I §B"3-79 J ]/

To Electronics Weekly |PC Electnicai- Electronics Press Ltd
Dorset House. Stamford Street London SE19LU

Piease send me Electronics Weekly for a year t enclose cheque p.o for £6
Annual subscription. inc. post and packing. Cheques should be made payable
to IPC Business Press Lid

Name

Address

Electronics Wee

Every Wednesday 10p b

moves as fast as the industry it serves

TRANSFORMERS

ALL EX-STOCK — SAME-DAY DESPATCH
MAINS ISOLATING VAT 8% 12 and/or 24-VOLT

PRI 120/240V SEC 120/240V
Centre Tapped and Screened

Ref. VA (Warts) £
07« 20 4.40
149 6.20
150 7.13
151 11.16
152 12.79
153 16.28
154 19.15
155 29.06
156 37.20
157 45.60
158 54.80
159 79.05
*115 or 240 sec onty

Separate 12v windings Pri 220-240 Volts
Am

1M1 0

2.2
2.64
3.4
4.03
5.35
6.98
7.67

8.99
10.39
13.18
17.05
26.82

50 VOLT RANGE

Primary 220-24

ov
SEC. TAPS O- 20 25-33-40-50Vv

VOLTAGES AVAILABLE

578 10 13 15 17 20

25-0-25 or 20-0 20

Ref. Amps £
102
103
104
105
106
107

3a
4.57
6.98
8.45
10.70
14.62
118 17.05
119 21.70

COPHBWN=O
cocoooow

33 10 SOV

30 VOLT RANGE
Prnmary 220-240v
SEC. TAPS 0-12-15-20-24-30V

VOLTAGES AVAILABLE

34668910 1215 18,20 24 30V or
120-120r 150 15V

Amps £

5 2.64

3.57

5.27

6.20

7.44

8.37

9.92

11.73

10.0 13.33

60 VOLT RANGE
Primary 220-240V
SEC TAPS 0-24-30-40-48-60V
VOLTAGES AVAILABLE
68 10.12 16 18 20 24, 30 36
40 48 60V or 24-0-24V or 30-0-30|
Ref. Amps £ P&P
124 3.88 96
1286 558 96
127 7.60 1.14
125 10.54 132
123 12.23 184

AUTO TRANSFORMERS
VA (Watts) TAPS

0-115-210-240v 248

C-115-210-240v 3.95

0-115-200-220-240v 5.35

7.75

10.99

18.76

23.36

34.82

48.00

40 13.95 164
120 1566 184
121 20.15 04!
122 24.03 0A
189 27.13 0A

OONPWN—=O
[=lejojole}olold]

~O
(=Nl

HIGH VOLTAGE
MAINS iSOLATING

Pri 200/220 or 400/440

Sec 100/120 or 200/240
Ref. £ P&P
243 5.89 132
247 1411 184
250 35.65 OA
252.  54.25 OA

SCREENED MINIATURES Primary 240v
Ref. mA ts £ P&P

238 200
212
13
235
207
208
236
239
214
221
206
203
204 5 27 5.39
S112 15202430 2.64

o8
w

a®®
© ©

Cooo0owe
So®EOO0 6
Poo 50
Poowo &

N
@

99
85
14
99
59
53
99
99

=p™!
Y
oSO
o
"’o
~
=}

1.
2.
2.
1.
2.
3.
1.
1.
2
3.
4q.
3.

56
a9
63
9

%)
o
~

9

NNo Ot

01
01
0-1

45p
55p
65p
80p
£1.05
£2.35
*P&P 29p VAT 12%:%
*VAT 8%

METERS
LAVO8 Mk. 5
AVO71
AVO73

€71.0Q
£29.00
£39.10
AVOMMS MINOR £24.00
WEE MEGGER £58.80
IAVO TT169 in-circuits transistor
tester £30.00
U4315 budget meter (42]
ranges) 20Km/vDC 1000V
AC/DC (9 ranges) 2.5A AC/DC
500Km resistance. in robust
steel case with leads and full
instructions £14.95
Avo Cases and Accessories
ex- stock
P&P £1 15VAT 8%

~EAC§;ED AUTO. TRANSFORMERS
USA 2.9 outiets 115V

15VA
7EVA
150vA
200VA
350vA
500va
750va
100Qva
1500vA

2000vA £37.65

HIGH QUALITY MODULES
10 watt RMS Amplifier
35 watt RMS Amplifier
25 watt RMS Amplifier
125 watt RMS Ampifier
Pre-Amp for 10w
Pre-Amp for 25w
Power Suppties for 10w
Power Supplies for 25w
Transformer for 10w
Transformer for 25w {one moduie
P&P Modules 35p. Trans 96p

VAT 12%% 'VAT 8%

OSCILLOSCOPE CL-5
10meg. 3inch. Tube
£55.00. Carriage £4 00
B% VAT

MINI-MULTIMETER

STEREO 30
Complete chassis. inc 7+ 7wr m.s amps. pre-amp,
power supply. front panel. knobs (needs mains
trans ), £19.05. Mains trans £3.57. Teak veneered
cab £5.25. P&P £1 02 VAT 12V % g

DC-1000V AC-1000V
AC/DC-1000Q/V
DC-100mA. Res — 150K
Bargain at £5.86
. VAT 8% P&P 62p

STEREO F.M. TUNER

BATTERY ELIMINATORS
"SAVE ON BATTERIES "
B12.3 45 7 9 12v500ma £5.32
STABILISED 3 6.7 5 9v a1 400ma £5.95

3300.6 75 9val3COMA plugs direct into 1 3A sacket {used) |
£3.3

VAT 12%% PRP 55p VAT 8% on P&P

Phase lock loop. 4 pre-selecied{
stations, wvaricap tuning,

'switched AFC LED Bearon

ANTEX SOLDERING IRONS
15W £3.75. 18W £3.75. 25W £3.40
Stand for above £1.40. P&P 46p. VAT 8%

£20.45
P&P 40p (VAT 1272 %)
Special offer. Trans. BE2 — Pri
0-90-110-200-220-240V Sec
0-110V0-20 24V 2 5A £2.25.
PR&P 95p VAT 8%

PLEASE ADD VAT AFTER P&P
SEMICONDUCTOR. RESISTOR CAPACITOR SEMI
CONDUCTOR AUDIO ACCESSORIES & BARGAIN
PAKS. SAVE PCSTAGE. CALLERS WELCOME

(MON-FRI). OR SEND 15p STAMP FOR LISTS
PRICES CORRECT AT 25/11/77

Barrie Electronics Ltd.
3,THE MINORIES,LONDONEC3N 1BJ
TELEPHONE: O1

NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST.

W—011 FOR FURTHER DETAILS
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GOOD CONDITION — £62.50 each As New £95 each.

FOR THE MICRO-PROCESSOR USER
A LINE PRINTER YOU CAN AFFORD

THE I.C.L. 667 BARREL PRINTER

150 Ipm x 96 characters. 64 ASCII Character repertoire; Format control: TTL input to hammers and TTL outputs from character and index infra red sensors. Standard
240V Single Phase motors. Attractive Fibreglass case. Size only 28 x 29% x 1 2"

Less Hammer Driver Electronics (hence size 13 x 2834 x 12'4"') £45 each.

WIRELESS WORLD, JANUARY 1978

Carriage all units £3.25

TEKTRONIX OSCILLOSCOPES

541A with G Plug-in £160. 545 with CA Plug-in £200. 547 Main
Frame 581A Main Frame 585 with 82 Plug-in £425. 661 with 4S1
£350.

Stocks of better oscilloscopes always changing. Enquiries please
Plug-in units not sold separately

SOLARTRON CD1740 DB-3d8 50MHz Solid State £375 each
TEKTRONIX 647 3dB 50MHz £450.

R&S Audio Freq. Spectrograph BN4B301 £650.

MARCONI Sweeper TF1099 £45 each

R & S POLYSCOP SWOB1 €450 ea

MARCONI OSCILLOSCOPE TF1330 15 MHZ £70 each
TELEQUIPMENT Oscilloscope D33R 6 MHZ €90 each

H.P. Oscilloscope type 1858 £100 each
ADVANCE MILLIVOLTMETER VM78 £50 each
TEKTRONIX OSCILLOSCOPE type 502 High
bandwidth £185 each

EX-MINISTRY X BAND SPECTRUM ANALYSER CTi152
(Marcon1 TF1035) 8 5GHZ to 9 7GHZ Power input 115/250V
45 .650HZ Pan-climatic £85 each

J.A.C. ELECTRONICS FREQUENCY METER type 331
GHZ In and Out £55 each

MARCONI! SIGNAL GENERATORS. freq
Type TFBO1D/t/S £260 each

MARCONI FM/AM MODULATION METER
only £950.

FM/AM SIGNAL GENERATOR
A20MHZ Limited quantity £300 each
HEWLEYTT PACKARD OSCILLOSCOPE 175A DC-50MHZ Double
Beam €190 with delay amp £220.

BRUEL & KJOER Automatic Vibration Exciter type 1016 Sine
Wave sweep from 5HZ to 10KHZ £125 each

AIRMEC WAVE ANALYSER type 248 £40 each

POLARAD RECEIVER Model FIM-B2 Complete 1-10GHZ €325.
MARCONI Wide Range Oscillator TF1370 Freq range 10HZ to
10MHZ. Sine Wave 10HZ to 100KHZ Square Wave High outputs
up to 31 .6V. Good value at £90 each

MARCONI ADAPTOR TM6113 for TF2700. TF1313 TF8668B
£20 each

AIRMEC 4 trace scope Type 279 Large screen £95.

MARCONI TF142F OISTORTION FACTOR METER gwving
percentage distortion on a directly calibrated dial and includes any
spurious components up to 30KHZ €29.50 ea

MARCONI PORTABLE FREQUENCY METER TF1026/11 100
10 160MHZ. Very fine condition £25. TF1026/4M 2-4GHZ £35 ea
COURTENAY MAJOR Mk. 2. 250 joules. 5 outputs. Can be
combined 1250 joules. No heads £30.

RHODE & SCHWARZ Turntable Indicating Amplifier UBM £75.
TEKTRONIX 180A Time Making Generator £55.

RHODE & SCHWARZ POWER METER. BNRD-BN 2412/50
£50.

MARCONI RF POWER METER. TF1020A/1 75 ohm £65.
RHODE & SCHWARZ Powesr Signai Generator BN41001
100KHZ to 30MHZ £325.

JERROLD SWEEP GENERATOR 900A £165.

TELONIC SWEEPER SM2000 — many plug-ins available — state
frequency required between O to 1000MHZ

MARCONI CT44 Watt Meter 0-6 watts £30 ea

MARCONI TF675F Wide Range Putse Gen. £18 ea

MARCONI TF987/ 1 Noise Generator £15 ea

EDWARDS HIGH VACUUM PUMPS 15C30 £50, ES35 £40.
H.P. MICROWAVE CONVERTER type 25908 £250.

R. & S. PHASEMETER BN1941 £45.

PRECISION AVOMETER Meeting section 6-BSS 89/1954 eg
+/— 0.3% £75 each

MARCONI Signal Generator TF8B018/3/S £185 each

R.&.S. FIELD STRENGTH METER BN1500 with Antennas 0.1
10 3 MHZ £250.

H.P. UHF GENERATOR Model 612A 450-1230 MHZ £350.
H.P. WAVE ANALYSER type 302A £150.

R. & S. SWEEP GENERATOR 8N4242 50KHZ-12MHZ £175
each

KAY SWEEPER 1 5MHZ-220MHZ CW or Sweep £120.
FURZEHILL Valve Voltmeter V200A £25 each

POWER UNIT 3KV Stabilised £25 each

FENLOW Low Freq Analyser O 3HZ 10 1KHZ £75.

REMSCOPE SO1 Basically working—tube good £75.

H.P. FREQ. CONVERTER type 5252B £50.

S.T.C. DISTORTION SET 742528 £65.

WANDEL & GOLTERMANN and SIEMANS EQUIPMENT
LEVEL OSCILLATOR 3wW518, SWEEP UNIT WZ-1. LEVEL
OSCILLATOR 3D335 RECEIVER LDE-1 SWEEP OSCILLATOR
3wW938b1a. TRANSMITTER LDS-1. LEVEL TRACER (Display)
3D346b1a. CARRIER FREQUENCY LEVEL METER TFPM-76
LEVEL TRANSMITTER TFPS-75. CRT INDICATOR with Plug-ins
SG-1. SWEEP CONVERTOR WU-1

Other units available Average price £120 per unit
quantity

FEED BACK LTD. Wave Form Gen Sin/Trap/Saw/Sq + DC
offset £80

BIRD WATTCHER. RF Power Monitor/Alarm Model 3128 2
meters presettabie 10W 10 500 Watts 19"’ rack £85.

H.P. VHF DETECTOR type 417A £75.

BROOKFIELD VISCOMETER Model RVT complete with 7 spindles
& stand For 230V 50HZ As new £275.

gain  Limited

HZ t0 3

range 10 470MHZ

TF2300S One

type AN/USM 16, 10 to

Reduction for

EX-MINISTRY OSCILLO-
SCOPE CT436
Double Beam DC-6 MHZ £120

NEW STOCK OF EX-MINISTRY
GENERATOR 0-20KHZ
Sinewave output. Metered. 600 Ohms.

MARCONI TF801D/8 /S
SIGNAL GENERATOR

Very good condition
£425 each

Size 16X 10X 9’ deep. Standard mains
now at £15 ea.

PICK-A-PACK —
90 PENGE A POUND

From our "'Pick-A-Pack’’ area
weigh up your own components.
No restrictions on what you take.

TRIPODS M\‘I\:E\?EN'
P&T HEAD
£22.50 each VOLTMETER
TF428B £15 ea.

DEC. MODULES

EX-DYNAMCO Oscilloscopes INVERTERS 30V Input
6KV Output. Size 2 x 4%z x 12", Complete with
circuit £10 each P&P £1

MINIATURE OXLEY PATCH PANELS BRAND NEW
E&-’DVNAMCO. 10 x 10 complete with pins £8 each P&P
5

+TELEPHONES. Post Office style 746, Black or two-tone
£6.50 ea Modern style 706 Black or two-tone grey £4.50
ea P&P 75p each. Old black style €1.50 each PRP £1
*HANDSETS only 706 style £1.75 each. older style £1.
P&P 75p

TELEPHONE EXCHANGES. Eg 15-way automatic
(exchange only) from £95.

M8357 M7264 M78478BJ

M8655 M7228 MMV 11

Prices and other Modules available on
application.

* TRANSISTORS/DIODES/ *
RECTIFIERS, ETC.

Guaranteed all full spec. devices Manufacturers Markings
At 5p each
BC147: 2N3707, 2N4403, BC172B: BC261
BC171A/8; BC413. D10. BC182: BC212.
BA102BE; BZX83: 2N4047 TIS61. 2N5040.
At 10p each
BFX85: 1N4733A SN7451N.; BYX10-1 5KV 0.36A

BC2518. BC3488B
BAX13, 1N937

SURPLUS — BRAND NEW — REPLACEMENT TUBES

FOR DYNAMCO 7100 SERIES OSCILLOSCOPES TYPE

BRIMAR D13-§1GH Mesh P D A Transistor Scan Wide

Bandwidth 60MHZ + Rectangular 6 X 10cm — 1kV EHT X

Sensitivity 15V/CM Y Sensitivity 6V/CM, standard heaters
Length 13%""

THIS IS A MUST AS A SPARE FOR THE DYNAMCO 7100
SCOPE OR IDEAL FOR THE HIGH-QUALITY TRANSISTOR
SCOPE BUILDER. At £65 each. Carnage £2 50
To Tube purchasers only. Numetal Shieids at £€2.50.

BYZ10 15p ea; LM733CN 20p ea. TIP30 20p ea: TIP34A — 50p
ea, BD538 — 40p ea, Heavy Duty Bridge Rectifier — 20p ea
TBAB10S — 75p ea; CA3123E — £1 ea; BDY55 — €1 ea; BU104
~ £1 ea; 2N3055 — 40p ea

TBAS60CO £2 ea: 1N4436T — TO3 Flat mount 10A 200pw €1 ea
2N5879 with 2N5881 Motorola 150W Comp pair £2 pr BD535
BD538 Comp. pair — 75p pr.

Linear Amp 709 — 25p ea

High Speed Voltage Comparator 710

15p ea
P&P Extra on all items

PAPST Model 240V availatile at £7.50 ea. P&P 75p
PHOTOMULTIPLIER Type 313A €4 ea P&P 75p. Other
types available

+BEEHIVE TRIMMERS 3/30pf. Brand New 10 off 40p
P&P 15p 100 off £3.50. P&P 75p 500 off £15, P&P
£1 25, 1.000 off £25, P&P £1 60

LARGE RANGE QF ELECTOSTATIC VOLTMETERS.
From 0-300V 2" £3, to 20KV Max General guide 5Kv 3%
£5. Thereafter €1 per KV. PEP 75p

DON'T FORGET YOUR MANUALS. S A E with
requirements.

E.H.T. TRANSFORMERS 20KV 2KVA £70 ea

240KV SINGLE PHASE 20KVA Output 2 X 2 5KV £85.
240V SINGLE PHASE 1KVA Output 40KV 25MA €175,
Many other EFT Transformers and EHT Capacitors available

FINNED HEAT SINK

single TO3 — Size 4% ' X 3" x 1%' 50p
ea. P&P 75p.

DESKS with Punch Reader. Printer and Keyboard. Some ASC
Various models from £200.

2'"' MAG TAPE

Approx. 2,000 it NOW 25p each. P&P 10p
Or 5for £1 carr. £2.75

FOR THE VDU BUILDER tube type CME 1220 24X 15cm at £9 ea
Base connections supplied

SUPURB PROFESSIONAL VDU CASES, size 23" X 16' x 15"

* SEMICONDUCTOR PACK
Guaranteed full spec. devices make up this pack
{No large quantities warrant individual
advertising)

50 devices for £1 P&P 40p
Highly Recommended

on stands Hammer grey. BRAND NEW SCHLUMBERGER Surplus
£20 each

TELETYPE ASR 33 from £450
TELETYPE KSR33 £325

NON-STANDARD KSR33 eg basic ASC11-20MA loop — but §
small print O to 9 above standard O to 9. some of the symbols having

*1.C. BOARD PACK

50 ¢ and other useful components for £1 P&P 7

been retocated. £250.

TELETYPE 35RO — nocases £120 each

TELETYPE 35RO cased £180 each

TELETYPE 35R0 cased — with remote electronic keyboard £370

MULLARD & BRIMAR OSCILLOSCOPE TUBES
BRAND NEW BOXED — ALL RECTANGULAR
D14-121 Green 50MHz Y 4 2V/CM £45 ea. As
above but P7 Phosphor £35 ea. D13 46GM P7
£35 ea. D10-210GH/32 £40 ea. Carriage all

tubes £1.75 ea.

each

VITRON PROCESSOR consisting of VDU twin cassette
information. £375. One only

MELCOM 83 System with information. £495.

BACK IN STOCK —

COSSOR OSCILLOSCOPE CAMERAS
Brand New Boxed with 4 film packs & Manual £12
each. Carriage £2 75

CREED 7B
TELEPRINTERS

SOLID STATE TIMEBASES
By LARGE BRITISH MANUFACTURERS
These are a Plug-in Modular Timebase covering
0.2 microsecs per cm to 5 secs per cm in 23 steps
Tunnel Diode tnggering 8 Front Panel Controls
37 Transistors/ FETs — all plug-in. Slver anodised
tront panel. Size 4 x 5% x 10%' deep
Guaranteed absolutely brand new in original
manufacturer’'s packaging. Complete with extre-
mely comprehensive copy of manual £17.50 ea.

P&P £2

THE CHEAPEST WAY OF GETTING A FULL
ALPHA/NUMERIC PRINTOUT FROM YOUR
MICRO
Large Ministry purchase enables us to offer these at

£25 each

In good working condition. Requwes 110 volts DC  Reqguires
ASC11/BAUDOT converter for coupling to your micro-processor
These units are Processor tested before dispatch Circuits inCluded
Adequately packed to guarantee safe arrival for £3 25

A LARGE QUANTITY OF MISCELLANEOUS TEST GEAR — CHASSIS UNITS, ETC.. on view at LOW COST

Minimum Mail Order £2. Excess posiage refunded. Unless stated — please add £2.75 carriage to all units
VALUE ADDED TAX not included in prices — Goods marked with * 122 % VAT, otherwise 8%
Official Orders Welcomed. Gov./ Educational Depts., Authorities, etc., otherwise Cash with Order.

Open 9 am 10530 pm. Mon to Sat

www americanradiohistorv com

AD |

7/9 ARTHUR ROAD, READING, BERKS {near Tet.:h. College, King’'s Road). Tel. Reading 582605
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Flectronic Bro
The Test Equipment People

MARCON!I INSTS

TF893A
A.F. POWER

METER

TEKTRONIX
A/10A2A/11 B2A
RUGGEDIZED
OSCILLOSCOPE

High quality. high
a performarnce Pluy,
dual trace and delay tme base modg;" oscilloscope of compact design with

647

20Hz to 35KHz

SPECIFICATION: NGE

Bandwidih DC 10 100 MHz FREQ. RA os TmW to 10W

Risetime 3.5 ng 5 power rang & ohms 10 20Kohms.

Inbot vty 10mY 0 20V m impedance 23 ohced or unbalanced-
pedance 1 ' -

Vertical modes a1 er e Parallel by 20pF in 48 steps. libration 1n watts and dBm.

ch2, an chop, a
: 10nS 10 §S
Delay time hase ranges 1,S to SSC"::m
ng';igz;er (mlodes Auto. normal, DC, AC LF reject sing
ontal modes A. B, A intent b
y B. B del
Hiuminated graticule with 6x 10cm dlspla::ryeead o

Time base A ranges dd Invert on both chi and ch2 inputs. Direct ca

le shot
A x1 x10, ext X

AND
|SHED gpPEC.
REFCLLRL?BRATED TO
RE

|ST PRICE £26
NEW L

200 £155.00

LLECOND USER £ 1 ,200-00
/“:._:/j

[WIDE RANGE
MULTIMETER

um1 1BRAND NE

PRICE FOR
LY:
hinput \mpedance
38[r)?lng\7c?\x:h$50mv 10 1500V 1.8
* 100K Ohms /Y
« AC Volts 1 B
31 6KOhmS/ Vv
« DC. Current 10u
+ AC Current

d @
0 1500V sd @
Ato\5A‘5d

v:\gged taut-band su$

BRAND NEW FunCTION
GENERATORS

Specifnl Low Prices
for F'mited Period
while Stocks lagt

REEORE e ee |

8- 3 K
i (Hlustrated)
a5, i * Frequency 1 Hz ®
* MMz "% Output Sine

" wave 0-10V r m g
from 600 Square
wave 0 20y PP from
600. » 0-60 4B step
anenuaxo,

RMAL PRICE £39.50 6.432

PO

Supphed with pj

1X2and 1v2 Fua s

New condition

DC o 30MH,

Rise Time - 12ng

;r?’m\é div aiso x10 gain
vides Tmy

S div (10H.-

Comprehen
lay imebase
Fullspec on reques:

TODAY'S VALUE

UNUSED

£350.00
e ——

SIve sweep de-

+ Mirror scale aiode and Use NO *F

nsion, dB scale requency 1 Hz 1o 1 1 NORmMAL p

d and triangi Z *Sine, square RICE

L e wr et o @ GO | TR om0 s0ds fon e £95.00

d leather cary! ndent 600 outputs # p C 3

’- * ;r:nomhs warranty NORMAL PRICE ofset £ 5 9' 50
£115.00
Y
ARRANT
DYNAMCO MODEL 7190/ £79.50 swovm™™

——

ADVANCE INSTS DRM6
TRUE R.M.S. VOLTMETER

10mV to 1KV in 6 ranges. 100% overange
High stability preamplifier Non-thermal R.M.S. 4-digit LED

display.
TODAY'S VALUE £700.00

pITION
£475.00

FLUKE MULTIFU

NCTION

RACAL RA117
H.F. COMMUNI
RECEIVER

LIBRATION:
caAns in 10° provides check points at

A2 reception. 30% mod. b/w

Intermodulation 100dB dowT| o
means of a sefector switch. Full Sp!

recalibrated

TODAY'S V

SUPERB CONDITI

ALUE AT LEAST

CATIONS

100KHz wmervalsdB

s : b/w, 3KHz: 1V for 18dB sign
SENSITIVITY: Al reception s,

Selectivity 6 i f
¢ on request

COUNTER
1900A [

onding 1o 100KHz

8'' corresp
i llator accuracy 5

m 1MHz Xtal osct
al to noise ratio
tio

for 18dB signal to noise T3
6 bandwidths aré obtained by
Completely refurnished and

FREQ 5Hz 8OMH;
TOTALIZE 110 999999

SENSITIVITY 25mv typically 15my.-5H; 1o BOMH

» PRI
Autoranging 6 digit LED display. 101 attenuator 50

£199.00

£600.00 SULK p BRAND NEW
on £350.00 uncHAsE £175.00

ELECTRONIC BROKERS LIMITED

| = O

49-53 Pancras Road, London NW1 2QB VAT
Tel. 01-837 7781. Telex: 298694 YWEL

Hours of Business: 9 a.m.-5 p.m. Carriage and Packing charge extra on all 3
Mon.-Fri.: closed lunch =2 p.m. items unless otherwise stated.
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Fectronic

The Test Equipment People

SIGNAL SOURCES

ADVANCE

Signal Generator J4. 10Hz-100KHz 600
ohms impedance, Sine & Square Brand
new condition £135.00
V H F Square wave Generator SG21 10
KHz-100MHz Max. o/ p 2V £50.00
H1E Audio Signal Generator. Sine &
Square Wave 15Hz-560KHz. 200V te 20V
(Sine). Distortion 1% 1 4mV to 140V
(Square). Brand new condition  £75.00

Type PG59 Pulse Generator 2 Channel,
double pulse. Functions Frequency.
width, Rise & Fall Time, Amplitude
Offset, Delay, Prepulse & Gate. Repetition
Freq 1Hz to 10MHz (20 MHz in double
pulse mode) Delay & Width 25
nsecs/ 1sec. Full specification on request
£595.00
Type SG67A Wide Range Oscillator Freq
Range 1Hz-1MHz. Sine or Square Output
Amplitude up to 2.5V. Battery operated
£95.00
R.F Signal Generator BAB7 30KHz-
30MHz. Output Z — 75. Int. Mod
400H:z 0-80% . Provision for Ext. Mod
Audio o/ p 0-10V at 400 Hz. into 600Q)
£165
SG68A Low Distortion Oscillator, 1-5Hz-
150KHz c/w BE2 battery pack. New
condition £200.00
HEWLETT PACKARD
10515A Frequency Doubler £75.00
F.M./A M Signal Generator 202H F.M
AM CW & pulse coverage 54 to 216
MHz R.F o/p O 1pV-0.2V 500hms tm-
pedance £495.00
612A-U H.F Signal Generator 450-
1230MHz. 0 1pVv-0.5V (50ohms) A M
Internal & external. Pulse mod. facilities
SUPERB CONDITION £1250.00
MARCON! INSTRUMENTS
TF1060 U H.F. Signal Generator 450-
1250MHz. Sine wave and pulse a.m
£400.00
Signal Generator TF867. 15KHz-30MHz
0/p 0.4uV-4V. Int. & Ext. mod. Supplied
with Terminating unit . £185.00
Solid State Generator 60588 Freq range
8-12.5GHz Int. & Ext. mod. freq. Stab
0 003% 50Q) impedance £530.00
A M Signal Generator TFBO1D/1S
Mititary version 10-485Mhz
£450.00-£800.00
R.C Oscillator TF1370A 10Hz-10MHz
*Square Wave up to 100KHz High Outputs

upto31.6V £225.00
Phase/A.M. Signal Generator TF 2003
0.4-12MHz £150.00

A M. Signal Generator TFB01D/1 Freq
range 10-470MHz R.F output 0-14-1V
Piston attenuator. 50ohms Impedance.
Signal Generator TF144H/4  Later
models 1n super condition
£500.00 to £650.00
MARCONI-SANDERS
Microwave Sweep Generator type 6600A
c/w6619 plugin 1 7GHz-4 2GHz
£2.500.00
MUIRHEAD L.F Decade Oscillator
D88OA. 2-phase 0.01Hz-11 2KHz
£225.00
Decade Oscillator DB90D 1Hz-11 2KHz
£260.00
PHILIPS
PM5501 Colour bar generator. Extremely
light and compact instrument for mobile
maintenance, 5 different test patterns for
colour and black/white TV installation
and service. R F_output signal switchabte
VHF. 8and Il and UHF Band IV 1KHz
tone for sound performance checks (sine

wave) £165.00
50MHz Pulse Generator PM5712

£495.00
Pulse Generator PM5775 . £800.00
Pulse Generator PM5776 £900.00

L.F Generator PM5105. 10Hz-100KHz

DIGITAL VOLTMETERS
AND MULTIMETERS

AVO

Test leads £4.00
Muitiminor Mk 4 ¢/w carrying case and
leads £14.00
Model 7x £40.00
Heavy Duty Mk 5 (with case) £40.00
AVO Model ‘8X £53.00

AVO Model 9 or Test SetNo. 1 £55.00
DYNAMCO
Digital Voltmeter DM 2023 c/w DC
ranging unit C1 Scale 99999 0 001%
F.S.D. DC Accuracy 10pV-1Kv DC
£450.00
FLUKE
DC Digital Voltmeter 8200A 42 digit
60% overanging. autoranging. push
button range and function selection, full
guarding and a selectable nput filter
Many options can be obtained for expan-
ding the 8200A capabilities. . £595.00
HEWLETT PACKARD
DVM type 3430A 3 digit 5 ranges 100mv
to 100V FS input resistances 10Mohms
Overload protection £145.00
Digital Multimeter 34702A with Display
34740A 4 digit display. 4 ranges both
AC & DC plus 6 ranges of ohms AC func-
tion covers 45Hz to 100KHz. Ohms
ranges are 100ohms to 10Mohms FS LED
display New condition £400.00

PHILIPS

Electronic Analogue Multimeter PM2503
DC & AC Volts, 100mV-1KV f.s.d Resist-
ance 100 ohms-10M Ohms. DC & AC

Current 1pA-1Afsd . £90.00
SIGN/ROGERS

A F Voltmeter AM324 £50.00
SOLARTRON

A.C Converter LM1219 30mv—300V
mean reading. Freq range 10Hz—10KH
P.O.A.
DC Digital  Voltmeter LM1420.2
2 5uV—1Kv in 6 ranges. =0 05% DC
accuracy £235.00
DV.M. Type LM1420.2Ba DC. true
R.M.S and mean A.C sensing Accurate
measurement irrespective of harmonic
distortion accuracy *0.25% Freq
20Hz—20KHz £350.00
DVM Type LM 1440.2 10pv—2Kv DC. 5
ranges. Oven controlled zenerdiode. Acc-
uracy *0.033% FSD = 0.005% reading
0.A.
D V.M. LM1480 3 Autoranging version
of LM 14403 Max reading 39999
5uV—2KVv DC. Full spec. on request
P.O

D.VM. LM 1604 DC only 1pV sen-
sitivity 0.01% accuracy. Max reading
19999 1uV—1KV. Remote and Auto-
ranging. 110dB series mode reject on. No
common Mode error P.O.A.
D M.M 7050 (Autoranging) . £245.00

SCOPE TEST
EQUIPMENT

£275.00

Time Mark Generator 184

Snsec Pulse Generator Model 2101 c/w

Sine & Square Wave 2V(R M.S ) Stabil- loads and connectors £575.00
ised o/p. Low Distortion. <<0.8% (10Hz- Time Mark Generator 2901 £450.00
100KHz) £156.00 Pulse Generator Model 110 £95.00

London NW1 20B
Tel: 01-837 7781. Telex: 298694

WW — 082 FOR FURTHER DETAILS
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OSCILLOSCOPES

COSSOR

Dual Trace Scope 4000 50MHz 7nsec
Rise Time 3mV/cm sensitivity. Calibrated
sweep delay. Gated trigger. X-Y display 8
X 10cm display £495.00

200,V/cm.  Scope 130C 500KHz
bandwidth Identical X and Y amps X2 to
X50 sweep mag.

£205.00

DYNAMCO

Portable Scupe 7200 Plug Ins 7201 &
7212 Solid State. Capable of being pow-
ered from AC. or DC. DC-15MHz at
10mV/div. Dual Channel X10 Gain
Calibrated sweep delay £315.00
Precision TV Waveform Monitor 7060
Plug Ins 7174 & 7178 Full spec. on re-
quest £850.00
HEWLETT PACKARD »

Portable Oscilloscope 1 707A DC-76MHz
Dual channel 6 x 10cm display. Sen-
sitivity —10mV/ Div. Sweep delayed time
base £825.00
50MHz Oscilloscope 180A = Supplied
with Plug In Units 1801Aand 1821A 8 x
10cm display minimum  sensitivity
SmV/div. Dual channel. solid state
Sweep delayed time base £550.00
PHILIPS

PM6507 Transistor Curve Tracer Sohd
State CRT — 10 X 12cm. Full spec. on

request £475.00

PROBES

X1 Part No 90 £7.00

X10 Part No. 91 £9.00

X1 & X10 (switchable) Part No 95
£11.00

TEKTRONIX

DC30MHz Oscilloscope 545Ac/w CA &L

Plug-ins £445.00

Type-485 350MHz Portable, Dual Trace
5mV/div. tnsec/ div sweep rate. Delayed
sweep. Auto focus, variable trigger hold
off 50 ohms internal input protection
£3.250.00
Type 551 DC-27MHz. Main frame and
power supply. Various plug-in units avail-
able £450.00
Type 564B (Mainframe) Storage Oscillo-
scope. Various plug-in units available
£750.00
TELEQUIPMENT

Ve

Rack Mounting Scope S54AR. Fitted with
P7 long persistence CRT. Single trace
DC-10MHz. 10mV/em Unused con-
dition £205

ADD 8% VAT
TO ALL PRICES
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Brokers Lid

TRANSMISSION TEST
EQUIPMENT

AIRMEC/RACAL
Wave Analyser 24BA. 5-300MHz
£250.00-£300.00
Wave Analyser 24B Freq. range 5MHz-
300MHz £145.00
Modulation Meter 409 £295.00
Type 210A Modulation Meter. 2 5-
300MHz, AM Range 0-100% FM Range
010 * 100KHz in 4 ranges
£185.00-£245.00
GENERAL RADIO
Type 1900A Wave Analyser c/w Graphic
Level Recorder 1521B
Spec: 1900A. 20Hz-50KHz. 3 band-
widths 3, 10 and 50Hz Tracking averages
30mV-300V F S D. Input impedance 1M
ohm 3 meter speeds
Spec: 1521B 4 5Hz-200KHz 1 mV sen-
sitivity. Linear dB plot of r.m.s ac-voltage
level 20, 40 or BO dB range £2,000.00
HEWLETT PACKARD
Sweeping Local Osciltator 3595A Plug-in
for use with 3590A Wave Analyser Freq
range 20Hz to 620KHz £650.00
MARCONI INSTRUMENTS
Distortion Factor Meter TF142F Fun-
damental Freq. Range 100Hz 8KHz Dist
measunng ranges 0-5% 0-50% Meas-
ures ali spurious components up to 30KHz
£60.00-£80.00
RADIOMETER
Wave Analyser FRA 2 T3 Special version
of FRA 2 with facilities for Intermodulation
measurements and selective measure-
ments of frequency responses Freq. range
30Hz to 16KHz incremental freq. OHz to
-60Hz  Selectivity 3 curves with foll
owing 1dB points *1.25Hz =12 5Hz
+63Hz. Voltage range 100uV-1KV
Aunxitiary Oscillator Range OHz to 1 6KHz
and 15 to 1.6KHz o/p — 10V {(EMF)
continuously variable impedance 1
Kohms 16uF £275.00

BRIDGES

MARCONI INSTRUMENTS

TFT245 CCT Magn. Meter ¢/ w Oscillator
TF1246 £685.00
WAYNE KERR

COMPONENT BRIDGE B521 (CT375)
Resistance 10 ranges from 1M ohm to
1000M ohm. Capacitance 10 ranges
from 50kpfF to 500pF. Inductance 10
ranges from 1uF to 500 KH Capable of
measuring components in situ £105.00
Universal Bridge B221A (CT530) 01%
Accuracy. Measures R, G. C & L Mains

operated £275.00
Low Impedance Adaptor Q221A for use
with above £75.00

FREQUENCY
COUNTERS

ADVANCE

Counter TC16 5HzBOMH:z 5 digit
€110.00
Timer Counter TC14 9 digit. Display

storage. DC — 250MHz. Time limits
selectable 0 1,s-100s Muttiple period

average 10-10°.  Sensitivity 10mV.
100mV. 500mV Overload protected
£475.00

Timer Counter TC15 9 digit with storage
and plug-in capabiiity DC — 250MHz
Spec similarto TC14 £585.00
Plug-In Unit TC15 P1. 1MHz-500MHz
10mV-1V Fuil 500MH;z display with 1 Hz
resolution in only 2 secs £200.00
Timer Counter TC17A 6 digit. DC to
80MHz. Gate times 10yus to 10s in de-
cade steps. Sensitivity ngv {r.m.s) sine
wave. Overload protected £290.00
Timer Counter TC22. Measures —
frequency DC — 100MHz 6 digit Time,
period. period average, count. totalise
pulse width, ratio £300.00
Type TC18 Time Counter freq. mea-
surement 10Hz-512MHz 6 digit LED dis-
play UNUSED CONDITION £275.00
FLUKE

Industrial Counter Totaliser 1941A SHz-
40MHz 40mV sensitivity R.P.M. mea-
surement £€150.00
Communications Counter 1920A 5Hz-
520MHz. 15mV sensitivity 9 digit LED
Display £400.00

Carriage and packing

charge extra on all

items unless otherwise

stated

\ 49-53 Pancras Road,
London NW12Q8B
Tel: O1-837 7781

FREE

RACAL
Frequency Period Meter 5Hz-10MHz
9520 Period Average measurements
£€110.00
Universal Counter Timer 9838 Mea
suring functions — Frequency. Single
and multi period. Ratio and Multiple ratio
Time interval — single ine and double line
totalising 10 Hz to 100 MHz Frequency
MHz Frequency 10 Hz to 5 MHz Period
Ty Sto 10 “sec. Time change £285

BOONTON

R F Voitmeter 31 C Measurement range
1mV to 3V. Frequency range 20 KHz to
1200 MHz (with ‘T Adaptor supplied).
Supplies also with R F. probe and tip and
508 termination Weight 12 1bs. €455
BRUEL & KJOER

Heterodyne Voltmeter 2006 For mea-
surements of voltage, frequency and
modulation factor AM and FM. High
impedance FET probe 50 termination
and 60 dB attenuator included Sensitivity
500V — 50V F.S.D. 100 KHz to 230
MHz Built in reference voltage and
loudspeaker for :dentification £295
Electronic Voltmeter 2409 True RM S
Average and Peak 2Hz to 200KH:z
Sensitivity 10mV — 1kV £250
FLUKE

DC Ditferential Voltmeter 891 A Input
ranges, 1. 10. 100, 1000V, DC with
10% overanging. Infinite input resistance
0-1100V Absoiute accuracy+ 0.01% of
input. 1 mV full scale Null Sensitivity
Resolution 1 ppm of range £395
GENERAL RADIO

Electronic Voltmeter 1806A AC DC 9
Resistance * 2% accuracy Wide

- frequency range — up to 1500 MHz

€175
HEWLETT PACKARD
R.F Voltmeter 3406A 20pV sensitivity —
average response. 1 mV sensitivity. 1 mV
— 3VFS 8ranges. 10KHz — 1.2 GHz
€485
RHODE & SCHWARZ
Selective Microvoltmeter USVH BN
1521 TO KHz — 30 MHz 02V — IV

F.s d. of lowest range 1 V €675
MISCELLANEOUS
ADVANCE

Digital Panel Meters. DPM 102, 103,
112P, 201. 204, 301, 302. 303. 306.
343 Price and specs. on application
ADVANCE/HOUSTON
Omnigraphic Recorder 6520 Strip Chart
XY Recorder. Chart Speeds 2''/sec to
0.05'"/hour. Amplitude accuracy 0.15%
F.S. Repeatability 0.1% BY:'" x 11" re-
cord £625.00
BIRD
Coaxial Resistor 8053 10W RF coawal
load resistor £20.00
Wattmeter Termalhine 6835 3 ranges
0-120 / 0-600 / 0-1200W 30-500MHz
£425.00
Wattmeter Termaline 67 3 ranges 0-25 /
0-100 / 0-500W / 30-500MHz
£265.00
BRUEL & KJAER
Random Noise Generator 1402 €250.00
Automatic Vibration Exciter 1018
£495.00
CAMBRIDGE
AC/DC Resistance Box. 5 decade
£70.00
GENERAL RADIO
Standard Frequency Multiplier 1112A
Price & specs. on application
Standard Frequency Multipler 11128
Price & specs. on application
MARCONI INSTRUMENTS
R.F Power Meter TF1152/1 £75.00
R.F Power Meter TF1152A/1 £80.00
Coqr Gain and Delay Test Set TF2904
625 line £505.00
R F Power Meter TF2502 3 and 10 watt
ranges DC-1GHz £355.00
L F Extension Unit. TM6448 for use with
OA 1094 A series £€200.00

RHODE & SCHWARZ
Standard Stereodecoder MSDC BN4193

£850.00
Potyscop | £950.00
Selektomat USWV £800.00
Frequency Indicator FKN £475.00

Type MSDC Stiandard Sterecdecoder
30Hz-15KHz £850.00

Please note: All instruments offered
are secondhand and tested and
guaranteed 12 months unless

otherwise stated

New Catalogue just
out. Send for your

copy now — POST

VHF Field Strength Meter HFV 25-

300MHz in 1 band. Measurement range

100dB {pV} 50 ohm mpedance
£€1,750.00

Type MSC Stereocoder BN4192/2
€1,250.00

RECORD

Chart Recorder — 500 pA Movement 1in

& 61n. per hour £70.00

WAVETEK

Programmable Phase Meter 775
£795.00

CALIBRATORS
& STANDARDS

FLUKE
Meter Calibrator 760A Spec for DC
Voltmeters — 0 001V to 1KV. Accuracy
0 1% Resolution 100,V DC Ammeters
— 1TuAto 10A. Accuracy =0.25% Reso-
lution 1, A AC Voltmeters — 0.001V 1o
1KV OHz and 400Hz Accuracy
+0 25% Resolution 100,V AC Am-
meters — 1, A to 10A. 600Hz & 400Hz
Accuracy =0.25% Ohmeters — O to
10M ohms. =0.1% of setting +0 5M
ohms Resolution 1 ohm. Full spec on re-
quest €2150.00
Reference Divider 750A. Used for cahib-
ration of precision DC Voltmeters, Volt-
boxes, DC Calibrators, etc. The equipment
is @ 10ppm (0 001%) divider with
switched input taps ranging from 1100 to
1 1V & switched output taps ranging from
1100V to0 1V £980.00
Null Detector 845AB. All solid state
Designed for extremely high input imped-
ance, sensitivity and isolation Operates
trom either line or from built-in recharge-
able batteries 1,V through 100V DC end
scale in 19 ranges using X1 and X3
progression  Full spec on request

. £475.00
High Voltage Divider 80E-10. Provides a
highly stable, accurate means of mea-
suring voltages up to 10KV in conjune-
tion with differential voltmeters. d.v.m.s
and conventional potentiometers Accu-
racy ~0.01% £255.00

FREQUENCY
SYNTHESISERS

FLUKE
Frequency Synthesiser 6011A. Performs
functions of an oscillator. counter and
level meter 10Hz-11MHz Output
0.4mV-5V (rms) 7 diglé LED display
Accuracy *3 parts 1n 10 ° for one year
Freq. storage. Full Specification on requ-
est. £2650.00
Frequency Syntheiser 6160A/0X
4MHz-30MHz in 1Hz Steps. Output 1V
into 50 ohms. Stability + 1 part in 10 8in
24 hours. Full Spec. on request UN-
USED. BARGAIN PRICE £675.00

Hours of business: 9a.m.-5p.m. Mon.-Fri. Closed lunch 1-2p.m.
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WIRELESS WORLD. JANUARY 1978

75 1.00 TF 801D/1/S SIGNAL GENERATOR. Range 10-
PLUMBICON TUBES 75C1 0.80 485MHz in 5 ranges R F output 01 V-1V. Source RHODE & SCHWARZ
TYPE XQ.1020R 76 0.80 CM 500 output impedance internal modulation at T OTAGRSPH TYPE 20U 50-330MHz 500
78 0.75 1KHz at up to 90%
At065 1.25 €EL84 0.35 QQv03102.00 llard—£1 50 each b Oirectly measures multtermenal networks phase
ARS  0.60 E186 0.50 UUVOB-40A g B0 075 TF 8018/2. Spec_as for 8010 but minor circut diff shift, phase angle with complementary POWER
o a oo BAB7 060 6507 065 8542  0.75 erences Few only left A e AT OR TYRE SMLM high freq ro
ARP3  0.60 EL90 -50 : 6AC7  0.60 6V6GT 0.60 723A/8 9.00 TF 995A/1 or A/2 or A/2M or A5 SIGNAL
ATP4 0.50 EL91 1.60 QVO312 200 sotution, internal external mod up to 3v out
R19 080 BAHB 0.75  6x4 045 803 6.00 GENERATORS. Very high class AM/FM 1 5MHz to FREQUENCY SYNTHESIZER TYPE XUA
Bidn  &00 He8 80 Gak5 045 6X5G 045 805  18.00  220MAZ Detailed spec and price on application M g
DAF96 0.60 504 ©0.80 S104 1K 2.50 N 30Hz-30MHz with FREQUENCY INDICATOR
D O EL04 00 SCi’ao0 oo GAKE 040 EXSGT  0.85 807 100 TF 995/38 with addional ampliber 1o give extra bigh i, Sl
bros  '5.80 Emai 078 SCi/so ao0 PALE 030 Y6 098 813 850 ouputbewween | §and 6Mc/s UHF SIGNAL GENERATOR TYPE SMLM
0K96 0.80 EMB0 0.55 SP61 0.85 g5 1.60 6.30L2 0.90 832A 250 from 30 to 303MHz
DL92 ©0.50 EMB1 0.60 TV21 6.50 g m6 065 787 0.80 5A 2.80 TF 1400S DOUBLE PULSE GENERATOR WITH UHF SIGNAL GENERATOR TYPE SLSD from
DL96 ©0.70 EMB84 0.40 U25 100 ang 085 7va 080 oota 600 TM 8600/S SECONDARY PULSE UNIT. Rep freq 300 10 300-940MH2
0Y86,870.45 EMB7 1.00 U26 0.85 a5 050 902 0.60 0.50 10Hz to 100kHz. pulse width O V 1o 100, sec delay FREQUENCY INDICATOR TYPE FKM from 30
DY802 0.45 EY51 0.45 U27 1.00 08w 0.85 906 0.75 S 0.50 —1 510 +3000y sec . nse ime 30N sec to 1 000MHz
£B8CC/011.30 Evs1 0.45 U191 o5 AdW BR8 SO0 Tag 338 o UHF SIGNAL GENERATOR TYPE SDR from
£180CC1.30 £va6.870.50 UsD) 080 243 G88  Lix loeg 927 080 N SIONAL GENERATOR 550 (o ) QOOMH n B ramges
£182CC 330 EvBs 0.50 UABCBO 0.50 ST 048 1OX's 070 1g33 070  MIGH FREQUENCY SPECTRUM ANALYSER. e e ety
EBI1OF 6.00 240 0.60 UMAZ 875 caye 080 12476 045 3057 100  MARCONI TYPE 1094A/S Basc freq range 3 o 30
EAso  0.45 £z41  0.78 LBLO) 000 6AXSGT 0.0 12AT7 045 5753 2.00  Mcssand wih LF unit from 100z to 3MHZ Measures TEKTRONIX
A ol S IO oas Ubrsd  oso OAXSGT 100 12aU7 040 5933 300 el amniiodes ot O 5454, Bandwidth OC to 30MHz (308 down at 30MHz)
tofpogss i oy ve ex BUS LR ave a% K ol TUARRUTOIRTRIaws . . o s e s S
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Special offer of Data Dynamics
DD390 KSR Termnals. ASC11 Key-
board, Hard Copy. V 24 Interface,
Modern Style Acoustic Cover

Price £525.00
\—

("New Catalogue)

just out
send for
your

LARGE NEW STOCKS OF DEC PDP
MINIS

PDP8E Processors, 4K to 32K, various configurations
available prices from £2500

PDP81 8K Processor and TTY Interface £1750

PDP8L 4K Processor and TTY Interface £950

PDP8L Expander Box with 4K or BK Memory
enhancement from £750

PDP11-05 Processors, 10% '’ chassis 8K or 16K core
prices from £3250

PDP11/40 Processor, 28K core £8250

RK8E/RKOS5 Disk drive and controt £3950

RKO5 16-sector disk packs £30

PR11 High speed reader compiete with interface. £1750

SPECIAL OFFER — ONLY A FEW LEFT!
DF32 Disc drive and control. only £695.00
DS$32 Expander disk drive, only £495.00

DEC ADD-ON CORE:

MMBSBE 4K Memory stack £600

MMB8EJ Memory stack £1300

MCB8EJ 8K Memory extension £1500
MM11L 8K Memory stack £1000

MF11L 8K Memory and backplane £1500
DEC MODULES — PDPBE SERIES
KABE Positive | /0 Bus £275.00

KD8E Databreak £350.00

KL8E Senal Interface £250.00

KL8M Modem Control £275.00

KMB8E Memory extension £200.00

KP8E Power fail/ Auto restart £175.00
M8300 Major registers module £550.00
MB310 Regsters Control £285.00

M8320 Bus Loads module £82.00

M8330 Timing Generator £265.00

M8489 RFI Shield £20.00

MIBE Bootstrap £275.00

DEC MODULES PDP11 SERIES
BM873YA Restart loader £375.00

BM 792 YL Bootstrap loader £375.00
DC11AC Dual Asynchronous interface £750.00
DL11C Seral Interface £185.00

H720E Expander Power Supply £450.00

SAVE up to 45% on H

HAZELT' N E 1 000 Compact terminal pro-

viding 12 line by 80 character display {360 chs} fuli/ half Duplex
MOS shift register memory with constant refres Underline
cursor

New List Price £900
NEW LOW PRICE £495

Our Special Price £695.00

Printers and
Terminals

SUPER SAVINGS ON SPECIAL
PURCHASE OF PORTABLE TEXAS
SILENT 700 TERMINALS

Model 725 KSR ASCIt Keyboard Sitent high speed
operation up to 300 baud 5 x 7 dot matrix electronic
printhead Full or half duplex operation Built 1in acoustic
coupler Mounted in integral carrying case Gross weight
35lbs Dimensions 21% "' x 19" x 6% "

e g 3

%

Price £1900

e .
JUST RECEIVED — TE
STORAGE DISPLAYS
11" Storage Crt Verucal sensitivity 1V/ 16 2CM (sq format)
or IV/21CM (rect format) within 2% FSD Maximum input
voltage +/— 50V DC and peak AC Setthng tme 3 5
microsec/CM + 5 microsec Stored resolution 4000 clearly
legible characters (90 x 70mil matrix) viewing time 15
minutes or less recommended for specified resolution
FACIT PAPER TAPE PUNCHES
Special purchase of brand new surplus at big savings
FACIT 4070 75 CPS PUNCH.
Self-contained table mounting unit with integral drive
electronics plus tape supply and take-up spools
FACIT 4060 150 CPS PUNCH
with integral supply spool. complete with Facit 5107 controf unit
OUR BARGAIN PRICE FOR THESE TOP
QUALITY PUNCHES — £950.00 EACH
LARGE STOCKS OF ASR33 AND
KSR33 TELETYPE TERMINALS
+ ASC11 Keyboard
* Hard-copy unit {friction or sprocket paperfeed)
* Paper Tape punch and reader (ASR33 only}
+ Line Unit (20mA~/ 6V /80V)
Overhauled in our own workshops to the highest standards
and sold with 90-day warranty
Prices from £425 (KSR33) and £625 (ASR33)
DIABLO Hitype 1 daisy-wheel printer
30 cps (BRAND NEW. and offered complete with interface
module for Data General processor) PRICE 995.

IBM 731 and 735 INPUT/OUTPUT

WRITERS ,
10 pitch golfball, BCD or correspondence coding, 11in. or
15in. platen. Max. op. speed 15 cps PRICES FROM

£275.00.
World Leaders

AZELTINE "siomea.

HAZE LT' NE 1 200 All the features

of the Model 1000 but with double screen capacity of
1920 characters {24-hnes of B0} Reverse block image
cursor

New List Price £941
OUR PRICE £725

=
KTRONIX 611

KB8 REED-SWITCH KEYBOARD

* 78 Station ASC11 Keyboard including separate
numenc cluster, cursor control keys. and 6
special function keys

* Standard TTL logic

* Power requirements +5V @ 100mA and —12V @

4mA
* B-bit ASC11 code (including parity)
prowiding full 96-character set with upper and
lower case outputs
 negative strobe with 4 O ms delay
Overall dimensions 162 X 7% x 2'', supphed complete
with full technical data and circuit diagrams

»

t
i

&

-

!
In
H

55SW3-1 54.station BCD-coded 4-bank
alphanumeric keyboard. Hall-effect switches. input
+5VDC negative logic and strobed output two-key
roltover. Set in attractive panel incorporating 5 indicator
lamps and on/off switch Dimensions 15%2 X 5% X
2"

PRICE £39 50 + £2 P&P + 8% VAT (send £44 82)
18-KEY PUSH-BUTTON CALCULATOR

KEYBOARD
Numerals 0-9 decimal point CK + — X + = Mounted on
PCB overall dimensions 5% X 4% X 1% o

PRICE £4 00 + 50p P&P + 8% VAT (send £4 86)

A

HONEYWELL KEYBOARDS
4-bank alphanumeric ex-equipment keyboards 50
keystations. diode-encoded. 7-bit positive logic, positive
strobe TTL/DTL-compatible Power requirements 5V
100mA Layout similar to IBM 029 Price £25 00 + £1
P&P + 8% VAT (Send £28 08) .

*Teletype patible *12'' Diag I Screen *TTY Format

Keyboard %64 ASCII Character Set *5 x 7 Dot Matrix

*Switch-Selectable Tr issi Rate up to 9600 baud
Switch-S el Parity *Standard CCITT V.24 Interface

HAZELT'NE 2000 Superb buffered termenal

with full edit facilities 1998 character capacity (27 hnes of 74),
detachable ASCIl keyboard including 10-key numeric pad and 13

choster“Suiccnoi- New List Price £1649
OUR PRICE £895

transmussion, full/half
Duplex or batch

ALL UNITS FACTORY-REFURBISHED TO AS-NEW STANDARD AND COVERED BY 90-day warranty

ELECTRONIC BROKERS LIMITED

- 49-53 Pancras Road, London NW1 20QB. Tel. 01-837 7781. Telex: 298694
- Hours of business: ADD 8% VAT Carriage & Packing charge extra
9 a.m.-5 p.m. Mon.-Fri. Closed lunch *-2 p.m. TO ALL PRICES on all items unless otherwise stated

WW—084 FUR FURTHER DETAILS

www americanradiohistorv com
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As these circuits are capable of such an
excellent performance we feel that 1t 1s
not sensible to sacrifice this potential by
desigring a kit down to a price We have
therefore spent a Nittle more on
professional hardware allowing us to
design a very advanced modular system
This enables a more satisfactory electri-
cal layout 10 be achieved. particularly
around the very critical input areas of the
replay preamps These are totally stable
with this layout and require no extra
stabilsing components  Many other
advantages also come from this system
which "has separate record and replay
amps for each channel plugging In to a
master board with gold-plated sockets
The most obvious Is the reduction of
crosstalk and nteraction which could
cause trouble on a single plane board.
with our modular system the layout 15
compact but there is no component
crowding Testing 15 very easy with
separate identical modules and building
with the aid of our component-by-com-
ponent instructions 1s childhishly simple.
but the finished result 1s a unit designed
not to normal domestic standards but
tothe best professional practice

All printed carrcuits are of glassfibre
matenal. fully drilled with a tnned finish
tor easy and reliable soidering. Compon-
ent locations are printed on the reverse
side of the board and are arranged so that
all identification numbers are sull wisible
after assembly

71x Complete set of parts for Master
8oard. includes bias oscillator, relay.
controls, etc £9 83 + £1 23 VAT
72x Parts for Motor Speed and Solenoid
Control for Lenco CRV deck This s
the proper board layout as given 1n
the articles £3 52 + 44p VAT
73x Complete set of parts for stereo
Replay Amps. and VU Meter drive
£8 12 + £1 02 VAT
74x Complete set for stereo Record
Amps €6 74 + 84p VAT
Complete set of parts for Stabilised
Power Supply 1o circuit given in
Article This uses a special low hum
field transformer with better charac-
tenistics than the commonly used
torold £8.79 + £1.10 VAT

75

x

HART
ELEGTRONICS

The Only Firm for Quality Audio Kits

Are proud to offer the only
DESIGNER APPROVED kit for the

J. L. Linsley-Hood High Quality
Cassette Recorder

HHE

| S

i

A,‘.

1

700M2 Indwvidual High Qualty VU
Meters with excellent ballistics
€8 48 + £1 06 VAT. Per Pair

700C/ 2 High Qualty Custom built steel
Case Complete with: Brushed
aluminium front plate. mains switch,
record microswitch. turned record
level knob. plastic cabinet feet, all
bolts. nuts and mounting hardware
All necessary holes are punched and
all surfaces are electroplated
Complete step-by-step assembly
instructions are included The cover
1s fimshed in an attractive black
crackle surface £16 50 + £2.06
VAT.

LENCO CRV CASSETTE MECHAN-
ISM

High Quality. robust cassette transport for
Linsley-Hood recorder Features fast
forward, fast rewind. record. pause and
full auto stop and cassette ejection
facilities Fitted with Record / play and
erase heads and supphed complete with
Data and extra cassette ejection spring for
above horizontal use Price £21 60 +
£2 70 VAT

Total cost of all parts £83 58

Special offer for Complete Kits £81 50 +
£10 19 VAT

Optional extra sohd teak end cheeks. £3
parr + 38p VAT

Reprint of 3 Linsley-Hood Cassette
Recorder articles. 45p post and VAT free |

We also supply complete kits 10 make a
tully integrated 30 watt stereo amplifier
using the Baiey Power Amplifier circuit
and the Bailey / 8urrows Pre-amplifier
with the Quilter Tone control modifica-
tion

Printed circuits and components are
availble for the Stuart tape circuns. These
articles described a high quality tape hnk
circunt for use with a reel-to-reel deck
Reprints of the three articles are avaiable
from us price 40p Post Free (No VAT)

ALL PARTS ARE POST FREE

Please send 9 x 4 SAE for lists giving fuller details and Price breakdowns

Penylan Mill, Oswestry, Salop

Personal callers are always welcome
but please note we are closed all day Saturday

WIRELESS WORLD. JANUARY 1978
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SERVICES

SYNTHESIZED
F.M. TRANSCEIVER

(Wireless World November 1977)

We are offering a Component Kit which
comprises all resistors, variable resistors,
capacitors, transistors, diodes and inte-
grated circuits at an inclusive price of
£59.00. Part kits are also available.

Other component-kits include:

@® Low noise low distortion stereo preamplifier (VW Sept
77) £8.50

@ Low distortion oscillator (WW Oct 77) £11.50

@ Matrix H decoder (WW June 77) £20.00

@ Sensitive metal detector (WW April 77) £6.10

@® Electrolytic capacitor tester (WW May 77) £12.90

All prices are inclusive. Overseas orders add 50p P&P

For further details please send s.a.e. to

Circuit Services, 36 Hallowes Crescent
S. Oxhey, Watford, Herts.
(Mail Order only)

B

RADFORD HD250

High Definition Stereo Amplifier

A new standard
for sound reproduction in —~
the home! We believe that no other
amplifier in the world can match the overall
specification of the HD250.

h d

Rated power output: 50 watts av. i per i into any imp
from 4 to 8 ochms, both channels driven.

Maximum power output: 90 watts av. per channel into 5 ohms.

identified or dasitis

Distortion, preamplifier: Virtually zero ( be
below inherent circuit noise.)

Distortion, power amplifier: Typically 0.006 % at 25 watts, fess than 0.02% at
rated output (Typically 0.01% at T Khz)

Hum and noise: Disc,—83dBV measured fiat with noise band width 23 Khz {rof
5mV); —88dBV A" weighted (ref. 5mv)

Line —85 dBV measured flat (ref 100v)
—88d BV A" waighted (ref 100v)

Hear the HD250 at

SWIFT OF WILMSLOW

Dept. WW, 5 Swan Street, Wilmslow, Cheshire
(Tel: 26213)
Mai! Order and Personal Expon\enquirios: Wilmslow Audio. Swan Works, Bank
Square, Wilmslow (Tel. 29599)

Now available ZD 100 power Tamplifie_r and ZD22 pre-amplifier

WW-—044 FOR FURTHER DETAILS

www americanradiohistorvcom......
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Appointments

Advertisements accepted up
to 12 noon Wednesday, De-
cember 28, for the February
issue, subject to space being
available,

DISPLAYED APPOINTMENTS VACANT: £7.50 per single col. centimetre (min. 3¢m)
LINE advertisements (run on): £1.10 per line, minimum three lines

BOX NUMBERS: 50p extra. (Replies should be addressed to the Box Number in the
advertisement. c/o Wireless World, Dorset House, Stamford Street. London SEI 9LU.)
PHONE: Eddie Farrell on 01-261 8508

Classified Advertisement Rates are currently zero rated for the purpose of V.A.T

4 Opportunities in
Test Engineering

Our range of equipment has an international reputation for its reliability under the most demanding

operational conditions, and it is the responsibility of our Test Staff to sort out the bugs, actual and potential,
and make sure that we maintain the high standards we have set.

We're a world leader in the design, development and manufacture of advanced communications equipme_nt'
and systems, and at our Chelmsford establishment we are now looking for additional men and women to join
our Production Test teams who are carrying out testing and fault finding work on a wide range of UHF and
HF systems.

Youshould have experience of semi-conductor and integrated circuit technology, gained either in industry or
HM Forces, and preferably possess a City & Guilds (Full Tech. Cert.), ONC or HNC qualification.

We offer a good salary and working conditions together with excellent promotion prospects which can lead

AN

to career development within the Company.

Write giving details of your experience to R. S. Ransom, Personnel Department,
Marconi Communication Systems Limited. New Street, Chelmsford, Essex CM1 1PV
or telephone: Chelmsford 53221 Ext. 498.

A GEC-MarconiElectronics Company

NI

MARCO
COMMUNICATION
SYSTEMS

TECHNIGAL
SERVICE
ENGINEER

required by busy Audio Visual Company for
servicing and repair of high-speed cassette
duplicators and audio visual equipment
'Must be used to working under pressure
Age preferably 25-30 Salary negotiable
Apply in wnting to
Rodger Thompson
Sound & Vision Communications
23a St. Mark’s Crescent
London, N.W.1

All applications wtll be treated In total
confidence.

GREENWICH CABLEVISION LIMITED

requires a

CHIEF ENGINEER

The successiu} applicant will be required to
deal with all aspects of television and audio
technology as applied to Cable Television
Systems and will be expected to make a
strong contribution to our small
management team

Good salary akd car provided.

Apply in writing to
M. W. Townsend, Esq.
Greenwich Cablevision Ltd.
307 Plumstead High Street
London SE18 1JX

(Due to the continued expansion ISCA ELECTRONICS LTD.,\

has vacancies for a wide range of electronics engineers. The
Company’s activities are primarily associated with electronic
weighing machines, mini-computers, micro-processors and
digital systems. Excellent opportunities are available within the
ISCA group of Companies for further growth, overseas travel,
etc. The positions offer varied and interesting work in a modern
purpose built facility located in pleasant surroundings, seven
miles North of Newport, South Wales.

ELEGTRONIC PROJECT
ENGINEERS

Several vacancies exist in the projects and development
sections for engineers with experience of TTL or CMOS,
mini-computers or microprocessors. A current driving licence
is essential. The project’s positions will particularly appeal to
men or women seeking an opportunity to demonstrate both
technical ability and responsibility. Successful candidates will
be expected to make an immediate contribution to the
Company'’s activities.

PROGRAMMER

programmer is required with experience of DEC equipment
.at Assembler level and preferably a real-time applications
background, to undertake the software development of a
number of interesting products.

Isca Electronics Limited
Crosskeys
Newport, Gwent NP1 7PX

(7761)

\ Tel: Crosskeys (0495) 270671

(7770)j

www americanradiohistorv com

QUEEN MARY COLLEGE
{University of London)

RESEARCH
TECHNICIAN

(Grade V) required to |0tn a group working
on the development of receivers for the new
S.R C 3 8-metre telescope in Hawan The
appointment will be for a three-year period
Applicants should have had a wide technical
background with a distinct bias towards
electronics (H N.C. level preferred) Ver-
satihity and initrative will be encouraged The
work will be varied and interesting involving
some travel abroad Salary scale £2751-
£3207 p a . plus £465 p.a London
Weighting and an additional supplement
under Stage |l of the Government's pay
code Five-day week, four weeks annual
leave. plus a week at Christmas and Easter
which includes public holidays. Letters only
to Assistant Secretary (Establishment),
RS/PM. Queen Mary College. Mile End
Road. London, E1 4NS, stating age, ex-
perience and qualifications 7751

GAPITAL

APPOENTMENTS LTD.

FREE JOBS LIST

for
FIELD SERVICE ENGINEERS
BASIC SALARIES TO

£5,000 + CAR a0

30 Windmill Street, London, W1
01-637 5551
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Appointments
Development Engineers

Pye TVT Limited are major manufacturers of television and
radio systems and equipment. Notable success in worldwide markets
creates the need for additional Development Engineers to
work in Cambridge:

Senior Development Engineer - Audio
We require an engineer to work in our modern Studio Equipment Development
Laboratory on the design of circuitry for our audio equipment range. The
successful candidate will exercise full responsibility for circuit design in a wide
range of projects including audio mixing, assignment, communications and
digital applications. The position calls for previous experience of audio circuit
design, together with a desire to continue this design capability into new,
“state of the art”, economic products.

Development Engineers — Transmitters
Due to the continuing world wide success of our latest range of T.V. Trans-
mitters and the expansion of the associated design area, we require Develop-
ment Engineers for general circuit design, but with special reference to control
logic and low level solid state drive stages.
The successful candidates will work as part of a small team in our modern
Transmitter Development Laboratory and will be in close association with
people in many disciplines. They will preferably have had previous experience
in the design and development of television or sound broadcast transmitting

WIRELESS WORLD, JANUARY 1978

UNIVERSITY OF SHEFFIELD

RESEARCH
TECHNICIAN

{GRADE 5)

required for the Space Physics Group
within the Department of Physics for an
imitial period of 18 months from 1st
December 1977. The successful can-
didate would be primarily concerned with
the development and construction of
scientific payloads for use with
onospheric research sounding rockets.
Experience of design and/or construction
in one or more of the following areas
would be advantageous low noise ana-
logue circuitry (DC-100 KHZ), radio
trequency circuitry, 100 MHZ-1500
MHZ, ultra reliabie equipment for use in
extreme environments and/or prolonged
periods of unattended operation.

A current driving licence 1s essential and
duties may include some travel both
within the U.K. and abroad for periods up
1o several weeks.

Commencing salary will be either £2889
or £2983 p a Please write to the Deputy
Director of Services (Ref. S 846/WW)
The University, Sheffield, S10 2TN.
(7734)

THE POLYTECHNIC
OF CENTRAL LONDON

USING
MICRO-
PROCESSORS

Due to the heavy demand for the
November course, this course
will be run again on February
14-18, 1978.

Fee: £250, includes free
18080/5 based micro-
computer. (The self-contained
computer is available separately
for £150, including documen-
tation).

Course Director: Dr. G. R. Burke.

equipment, or possess qualifications to the standard of a Degree or HNC. All enquiries to: Jenny Hedley,

3 Short Course Unit, Polytechnic of
Benefits include those normally associated with a progressive company. Central London, 309 Regent

Generous relocation assistance is available in approved cases. Street, London W1R BAL. Tel.
01-580 2020 Ext. 220.

Please write or telephone for an application form to Dave Barnicoat, Closing date: 16th January. 7737
Personnel Officer, Pye TVT Limited. P.O. Box 41, Coldhams Lane. .

Cambridge CB1 3JU. Telephone Cambridge 45115
APPOINTMENTS

lqrg PyeTVT Limited | N

The Broadcast Company of Philips ELECTRONICS

Take your pick of the
A member of the Pye of Cambridye Group 7748 permanent posts in:

MISSILES  — MEDICAL
COMPUTERS — COMMS
MICROWAVE — MARINE
HARDWARE — SOFTWARE

= CALIBRATION
ENGINEER

An experienced Calibration Engineer is required to calibrate and
repair proprietary and special purpose test gear.

THE ROYAL FREE HOSPITAL

MEDICAL PHYSICS
TECHNICIAN GRADE Hl

For expert advice and immed:-
ate action on career improve-
ment, 'phone, ,or write to,
Mrke Gernat BSc

“lechnomark_

Engincering unid Technieal Recruitmen,

To maintain a range of Radiotherapy and
diagnostic equipment, prinCipally a newly
installed St 75 Linear Accelerator. but
including a computer-controlled cobalt umt
to be installed shortly. dosemeters, etc

11 Westbourne Grove
Londqn W2.01-2299239.

Applicants must hold an appropriate Science
Degree HNC/HND. ONC or Final City and
Guilds in electronics subjects and have had
at least three years' experience preferably in
maintenance work

Experience of microwave calibration, and qualifications to HNC
level or equivalent, is required.

ELECTRONICS
ENGINEER

required to start immediately.
Experience with electronic
musical equipment an advan-
tage. Excellent salary offered.

Tel. 01-459 7294/5
(7798) for appointment (N.W.2)

HFE B B EEEEEEEERN (7797

Salary £4,432 - £5.555 pa {including all

allowances and according to experience) If you are interested in the above vacancy please write or

telephone Mrs. L. Buckland, Personnel Officer, Kelvin Hughes,
New North Road, Hainault, llford, Essex. Tel. 01-500 1020,
ext. 524 or 327.

H# KELVIN HUGHES

A DIVISION OF SMITHS INODUSTRIES LIMITED

Application form trom the Personnel De-
partment, The Royal Free Hospital, 21 Pond
Street, tondon NW3 2PN Tel 01-794
0431 Please quoteref 1498

Camden and Islington Area Health Authonity
@M

(7785)

www americanradiohistorv com
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Comeandmake
headlines with us.

Headlines like these are only possible when you're acknowledged internationally
as one of the world's leaders in avionics. To keep us at the forefront we need highly
motivated design/development engineers keen to make their mark. And at Ferranti
there's plenty of opportunity to do just that. On projects like the Tornado, Sea Harrier,
Jaguar and Lynx.

And headlines like these also mean expansion. Which explains why we're
looking for more graduate mechanical and electronic engineers to join our airborne
radar and inertial navigation teams. They must have the design/development
experience to spearhead the progress of equipment from drawing board through to
production.

We are particularly interested in talking to engineers with backgrounds in the
design of:-

Digital/analogue circuitry. Advanced instruments.

Microwave and laser techniques.  Optics.

Small digital computers. Airborne structures and light mechanisms.

So if you're keen to make your mark on avionics, you'll find you're very much
on our wavelength.

Think about it. Then ask the family how they'd like living in Edinburgh, freely
acknowledged as one of Europe’s finest cities.

Salaries are negotiable and, of course, we operate a contributory
pension and life assurance scheme and pay realistic
relocation expenses.

For an application form, write to
John McPhee at the address below:

Ferranti Limited
Ferry Road
EDINBURGH EH5 2XS
Tel: 031-332 2411.

These posts are open to both
male and female candidates.

{7000)

www americanradiohistorv com
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Invest your future with us!

Working in Cambridge with Pye
Telecommunications Ltd, you will
benefit from a multi-million pound
investment in new laboratories and
headquarters. You'll be joining exciting
development projects with Europe'’s
largest exporter of two-way radio

Senior
Development
Engineers

Telecommunications development ex-
perience and familiarity with VHF/
UHF design or low medium capacity
multiplex radio links is essential.

Engineers with digital design experi-
ence are also required due to the

increasing influence of data and
signalling technology in two-way
radio.

You will join one of our teams develop-
ing fixed, portable and link products on
sub-units.

You should have BSc or HND in
Electronic or Electrical Engineering, and
have gained (at least 3 years) relevant
experience.

In either capacity, you will find
excellent company benefits, including a
good salary, a generous relocation
allowance and good career prospects.
You will have easy access to London

systems, receiving the technical back-
up that the resources of the Philips
international organisation can provide.

Expansion requires us to seek the follow-
ing enthusiastic, qualified men and
women. ’

Mechanical
Designers

These are senior posts, and wide
experience of electronically orientated
mechanical product design and medium
and high production methods s
essential, as is experience of design in
sheet metal, plastics, die-casting and
PWBs.

You will be expected to work on your
own initiative in a small team
atmosphere.

You should have attained HNC level
though ONC or C & G applicants will be
considered depending upon experience
gained.

and yet be able to enjoy the many
sporting, recreational and cultural
facilities that Cambridge offers, along
with a wide choice of reasonably
priced housing.

We offer success today and success tomorrow.
Success for you to share —

So apply now, quoting reference no.
WW /34 by phone or letter to Alan

Depauw, Pye Telecommunications

Ltd., Newmarket Road, Cambridge.
Tel: 0223 61222.

O

Pye Telecommunications Ltd

Newmarket Road Cambridge England CB5 8PD
Tel: Cambridge (0223) 61222 Telex: 81166 pveTeLecom CAMBGE

A e 1 ine Pre S Lomerege

(7758)
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UNIVERSITY OF LONDON
INSTITUTE OF EDUCATION

ELECTRONICS
TECHNIGIAN

Grade 5

The Department of Child Development and
Educational Psychology seeks a second
technician to develop and run a modern
electronics workshop in the Institute’s new
building. pleasant working conditions.
Expenence in maintaining psychological
and/or physiological equipment and in
general workshop practice desirable,
together with some ability to advise on and
contruct special purpose equipment as
needed. The appointment is to commence as
soon as possible.

Salary £3377-£3856 including London
allowance.

Further details and application forms from
The Secretary, University of London In-
stitute of Education. Bedford Way, London
WC1H QAL, quoting ref Tech/CDEP. Com-
pleted applications required NOT LATER
THAN 6 JANUARY, 1978.

(7796)

ROYAL COLLEGE
OF ART

Department of
Design Research

TECHNICIAN

with a sound knowledge of electronics
is required to help develop a new
workshop and simulation faboratory
and to service TV computing and
interface equipment. The appoint-
ment will initially be on a half-time
basis which, if successful will become
full-time. Salary to be agreed. Please
write giving details of age,
qualifications and experience to
Assistant Registrar (Staff). Royal Col-
lege of Art, Kensington Gore, London,
SW7 2EU. 7765

ELECTRONICS ENGINEER

required for research and development in
sound recording, portable power and ligh-
ting equipment for the Film and TV Indust-

nes

The Engineer will be responsible for
developing new 1deas — including his/her
own from circuit sketch to early production

Qualifications necessary will be an appro-
priate degree or HND with a minimum of two
years’ relevant experience

‘We are small but growing fast If you quabfy
for the job come and grow with us Ring
PAG Power Lid
01-542 1171 7793

TV STUDIO
MAINTENANCE
TECHNICIAN

$15,000 P.A.

To maintain cable television studio under
direction in Calgary, Western Canada. Must
have appropriate academic background.
practical experience with 3 tube colour
cameras, helical VTR and digital |.C
circuitry. We have a wide variety of modern
equipment and test apparatus. Attractive
fringe benefits package, including full family
health and dental care and travel assistance
are offered.

Send resume to Box (WW7763), c/o
Wireless World, Dorset House, Stam-
ford Street, London, SE1 9LU.

7753

CAPITAL APPTS.
FREE LISTS

101 Design/Development
and Test Jobs

Permanent and Contract

To £6,000

‘wopuey

Send detailed résumé to
Secretariat Recruitment Service

THE UNITED NATIONS

is seeking

CHIEF

for the Television and Film Unit

Qualifications: Advanced university degree in electrical /electronic en
gineering. plus 8 minimum of eight years’ expenience in broadcast television
wdeo tape and film equipment system design and operation, familiarity with
solid state device processing. digital circuits and integrated electronics
knowledge of telecommunication facilities desirable Fluency in English,
knowlege of French desirable
Salary: $34,385 gross per annum. generous leave and pension plans
Retirement age 1s 60
Important: The United Nations recruits its staff on as wide a geographical basis
as possible and. in this regard, will give preference to nationals of Member
States which are under-represented in the Secretariat

(Ref. 77-086-NY)

United Nations, New York, N.Y. 10017

(7791)

e
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CHRISTIE HOSPITAL AND HOLT
RADIUM INSTITUE. Regional De-
partment of Medical Physics and
Bioengineerin Medical Physics
Technician (Electronics) Grade III.
An Electronics Technician is re-
quired for this Department to be
employed on repair, planned pre-
ventive maintenance and calibra-
tion of patient-oriented and lab-
oratory equipment serviced by the
Department, and test gear used by
the Department; there may also be
some development work. After an
initial training period, technicians
will be required to work with
minimum supervision. Applicants
should hold ONC or HNC or higher
qualification and at least three
years' relevant experience since
qualifying, Starting salary £2,831
(plus £458 supplements) rising to
£3,843 (plus £504 supplements) by
7 annual increments. A higher
starting salary may be payable to
technicians having experience sub-
stantially above the minimum re-
quirements. Further details from
the Chief Technician, Technician
Services Unit, Mr K., A. Nelson.
Application forms obtainable from
the Sector Administrator, Christie
Hospital and Holt Radium In-
stitute, Wilmslow Road, Manchester
M20 9BX. Ref 77/51. (7780
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For further information, please telephone
Andree Trionfi on 01-432 4869 or write to her
at the following address: ETE Maritime Radio
Services Division (L690), ET17 1.2, Room 643,
Union House, St. Martins-le-Grand, London
EC1A 1AR

Post Office Telecommunications

Marconi

e TECHNICIANS

Opportunities for the experienced and some-
times inexperienced in St. Albans and Luton.
Work situations range from fault finding on PCB’s
and components, to batch product testing of
equipment that utilise very advanced technigues
including microprocessors and the repair/
calibration of all manner and types of test
instruments.

Attractive salaries and, where appropriate,
relocation are offered for the right candidates.
Further information may be obtained in confidence
from John Prodger

Marconi Instruments Limited,

Longacres, St. Albans, Herts. tel: St. Albans, 59292

& = &

% % & &b

A GEC-MARCONI ELECTRONICS COMPANY
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Appointments

WIRELESS WORLD. JANUARY 1978

RADIO
TECHNICIANS

Government Communications Headquarters has vacancies for Radio
Technicians. Applicants should be 19 or over.

Standards required call for a sound knowledge of the principles of
electricity and radio, together with 2 years experience of using and
maintaining radio and electronic test gear.

Duties cover highly skilled Telecommunications/electronic work,
including the construction, installation, maintenance and testing of
radio and radar telecommunications equipment and advanced
computer an analytic machinery.

Qualifications: Candidates must hold either the City and Guilds
Telecommunications Part | (Intermediate) Certificate or equivalent
HM Forces qualification.

Salary scale from £2,230 at 19 to £2,905 at 25 (highest pay on
entry), rising to £3,385 with opportunity for advancement to higher
grades up to £3,780 with a few posts carrying still higher salaries.
Pay supplements total between £443 and £522 per annum.

Annual Leave allowance is 4 weeks rising to 6 weeks after 27 years’
service.

Opportunities for service overseas.

Candidates must be UK residents.

Further particuiars and Application forms available from-

Recruitment Officer
Government Communications Headquarters
Oakley, Priors Road
CHELTENHAM, Glos GL52 5AJ
Tel. Cheltenham 21491 Ext. 2270
{STD 0242-21401)

(7741)

FOREIGN AND COMMONWEALTH OFFICE

has a vacancy for an experienced
PRINTED CIRCUIT BOARD DESIGN

DRAUGHTSMAN/
WOMAN

The works consists of the design and development
leading to the manufacture of Printed Circuit Boards
from prototype leading to batch production runs.

The successful applicant should have experience of the
techniques involved in single-side boards, plated
through-hole, flexible and micro-miniature circuitries. A
knowledge of associated hardware would be advan-
tageous.

Applicants should hold an ONC in Mechanical, Electrical
or, preferably Electronic Engineering or an equivalent
qualification.

Starting salary according to age, e.g. age 21 — £2425
per annum, age 25-—-£2785 per annum and age 27 or
over — £2970. The maximum of the scale is £3450 per
annum. In addition, all points on the salary scale attract
Pay Supplements of £313.20 per annum and 5% of
salary (minimum £10.88 per month — maximum
£17.40 per month).

Please apply to:
Recruitment Section
FOREIGN AND COMMONWEALTH OFFICE
Hanslope Park, Hanslope, Milton Keynes MK19
78H

(7756)

/" Electronics
Engineers

for HF communication systems development.
Marconi Communication Systems are world leaders in the design development
and manufacture of advanced communication systems and equipment. El.e(.:—
tronics Engineers, at Senior and Section Leader levels, are now required to join
teams working on a wide range of projects related to civil and naval defence
contracts covering amplifiers, Qrives, receivers, frequency synthesisers and

remote control equipment.

The continuing growth of the Company’s activities in the HF field and the recent
acquisition of £multi-million overseas contracts.for this type of equipment means
that there are excellent career opportunities available for both men and women at

the Company’s Chelmsford establishment.

Essential requirements are a degree or equi.valent .in elqctronics'engineering
together with knowledge of analogue or logic circuit design and ideally some

HF experience.

Competitive salaries will be offered and there are first Clags company benefits
including assistance with removal expenses where appropriate.

Write with details of experience and qualifications to Gordon Short,
Marconi Communication Systems Ltd., New Street, Chelmsford,

Essex. Tel. Chelmsford 53221.

MARCONI

CHELSEA COLLEGE

University of London

ELEGTRONIC
TECHNICIANS

Grades 5 and 3

required for interesting work in De-
partments of Electronics and Phar-
macy Work includes electronics pro-
totype design. development and con-
struction and servicing and mainte-
nance of electronic equipment.
Salaries {under review) Grade 5
£3377-£3856 per annum inclusive of
London Allowance and Supplements,
and Grade 3 £2930-£3276 per
annum inclusive. Further information
and application forms from Mr. M. E.
Cane (E.T.), Chelsea College, Pul-
ton Place, London SW6 5PR.

{7795)

THE UNIVERSITY OF MANCHES-
TER, Department of Physics. Elec-
tronics Technicians (2 posts). There
are two vacancies in the Depart-
ment of Physics for Electronics
Technicians. The first post is an
interesting one involving the de-
velopment and construction of pro-
totype apparatus and the main-
tenance of a wide range of elec-
tronics equipment. Applicants
should have at least nine years’
previous experience in electronics
and possess an ONC or equivalent
qualification. An HNC would be an
advantage. Preferenoe will be given
to applicants with digital exper-
ience. Salary on scale rising from
£2,889-£3,367 p.a. (under review).
The second post requires similar
experience and ualifications to
that shown above but also carries
(7790) supervisory responsibilities. This

COMMUNICATION
SYSTEMS

A GEC-MarconiElectronics Company

Bosilion is on a salary scale from
3,314-£3,950 p.a. (also under re-
view). Applications should be made
to the Superintendent, Departmen.
of Physics, Schuster Laboratory,
Brunswick Street Manchester MI3

L. (7754
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TESTERS

JOIN A WORLD LEADER IN AVIONICS

We are seeking Personnel wishing to work on sophisticated Navigation and Weapon Aiming
Systems using the latest Computer Technology.

If you have a qualification/experience in Electronics, Radio and T.V. servicing or fault
finding to component level on both Digital and analogue transistorized circuitry, fill in, cut
out and send the coupon to:

John Neate, Personnel Officer, Marconi-Elliott Avionic Systems Ltd., Airport Works,
Rochester, Kent (or telephone Medway (0634) 44400 Extension 52).

| am interested in joining Marconi-Eliott
Avionic Systems Ltd as a Tester

MARCONI
ELLIOTT
AVIONICS

A GEC-Marconi Electronics Company

Name . . ... .. ... ... . ... . Age . .. . |

o — —— — ——— ———

\

UNIVERSITY OF ABERDEEN
TELEVISION SERVICE

TELEVISION ENGINEER

Applications are invited for the post of Television Engineer in the University's
television service, which operates in colour to broadcast standards.

Applicants should be professional television engineers with experience of operations
and maintenance of colour television origination and recording equipment. Work will
be at the service’s studio centre, the colour mobile unit and at medical school.

Normal colour vision is a requirement for this post.

Salary on scale £2904-£481 1, with appropriate placing. Six weeks' annual holiday.

Further particulars from the Secretary, the University, Aberdeen, with whom
applications (2 copies) should be lodged by 12 January 1978.

7786
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Appointments®

BBC Research Dept.,
Kingswood Warren,
Tadworth, Surrey.

Dutics include ficld strength survey measuremernts of
existing VHEand UHF transmittersand assistingin the
planning and testing of sites for new transmitters.
Although based at Kingswood successful candidates
will be required to travel and work for periods any-
where in the UK. - this will include working some
weekends. .

Candidates. male or female. should possess an H.N.C.
or cquivalent qualification and have knowledge of the
use of radio frequencies as applied to the broadcasting
bands. Ability to drive essential. Good opportunitics
for promotion to Engineering Technician.

Starting salary according to experience in the range
£2.925 - £3.483 rising to £3.880 as a Scnior Laboratory
‘Technician. and ultimately to £4.792 as an Engineering
Technician. Salarics quoted include pay supplements
and an inerease above these levels is also due to be
implemented  with effect from Ist October 1977
Pensionable post.

Write for application form to Research Executive,
BBC Research Department, Kingswood Warren,
Tadworth, Surrey. KT20 6NP. quoting reference
696/] ME or telephone Mogador 2361

BRISTOL AEROJET
IS TAKING OFF

Against a background of long-term Government contracts we are
expanding our teams working on advanced projects and currently
have the following posts available . —

ELECTRONICS DESIGN ENGINEERS
ELECTRO-MECHANICAL

DESIGN ENGINEERS Ref: ESA/WTF
ELECTRONICS TECHNICIANS Ref: FJW/ESA

Applicants are required for interesting UNDERWATER PROJECTS,
ROCKET PROJECTS and PROCESS CONTROL PROJECTS. They
should have a knowledge of digital and analogue circuit techniques
and will join small enthusiastic teams.

For the senior posts applicants should be qualified to degree or HNC
standard; experience in working with aerodynamicists or hydro-
dynamicists would be an advantage, For the technicians vacancy
applicants should have practical experience and preferably ONC or
equivalent qualifications,

The company Is situated on the Avon/Somerset border a few minutes
drive from Junction 21 of M5. Working conditions are excellent and
salaries are negotiable, Please contact Ron Moir and state the position
and project in which you are interested

Ref: ESA/WTF

BRISTOL AEROJET LTD.,
BANWELL,
WESTON-SUPER-MARE.
AVON

7754

WIRELESS WORLD. JANUARY 1978

/CARDIAC RECORDERS\
"~ LIMITED

R&D ENGINEER

To take responsibility for Electro-Medical monitoring project.
Successful candidate will have degree in Electronics and
several years experience in analog and digital circuits.

Salary up to £56500.00p

TEST ENGINEER

End-of-line production testing, of analog and digital
equipment. Successful candidate will have minimum HNC and
experience.

Salary ¢ £4,500.00p.

Telephone Charles Cooper on 01-272 9212

Or write to him at:

CARDIAGC RECORDERS LIMITED

34 Scarborough Road, Finsbury Park,
LONDON N4

7777

Goodmans

The big name in British High Fidelity

Assistant Chief Engineer

Applications are invited from experienced design
engineers in the loudspeaker industry; they should
have at least 8 years experience in the design of
high fidelity speaker units and systems.

Established for over fifty years, Goodmans is
situated in pleasant surroundings on the south coast.
The successful applicant will be working in a large,
modern, well-equipped laboratory adjacent to the
manufacturing complex.

Write in the first instance, giving age, qualifications,
experience to date and present salary, to the Chief
Engineer,

Candidates of either sex will be considered.

Applications to: Goodmans Loudspeakers Limited,
Downley Road. Havant, Hampshire. PO9 2NL England

Telephone: Havant 6344 o

BROMPTON HOSPITAL

Senior Medical
Electronics Technician

to undertake work involving maintaining. installing, and developing
medical electronic equipment. A kibwledge of ultrasonics and micro-
computer based systems would be a distinct advantage.

Applicants should have a good general knowledge of efectronics and be
qualified to H.N.C. (Electrical and Electronic Engineering) standard or
equivalent.

Salary will be on the scale £3,776-£4,708 according to experience.

Further information from Physicistin charge. Mr. R. B. Logan-Sinclair, Tel.
01-352 8121, Ext. 4252.

Application forms and job descriptions from Miss J. A. Jenks, Personnel
Manager, Brompton Hospital, Fulham Road, London SW3 6HP. (Tel. as
above. Ext. 4357).

www americanradiohistorv com
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sophisticated computer system currentv built in °
Europe, which the team is evo
necds of the 1980s The work, i
tachcally new technologices, is creative: itis also
exciting and demanding,

You could be part of it. \With tf

SITUATIONS VA

ELECTRONICS/ELECTRICAL ENGINEERS
COMPUTER SCIENTISTS

~ PHYSICISTS

If you want to develop the computers

of the future...joinICL

LOGIC SYSTEMS DESIGNER
Ivingto mect the ®  BIPOLAR MOS LSIDISIGNER
neorporating & OQALNCINIIR

o  CIRCUIT DLSIGNER oxtension 2748 or 2776, (Reverse
Have you adegree or equivalent in electronics, the charges.) lcasc quol
he team's expansion, electrical engineering, physics or computer seienee referenc e WAVIOOY

International Compu

think computers-think IC

we have alarge numberof vacancies for men ancl
women. We can olter generous relocation

expenses where appropriate and planned career VoUWl
development navarietv ot roles, such as

£3500-£5500 Manchester or Kidsgrove

Weare oftering you an opportunity to join one
of the foremost computer development teams in
the world Its reputation has been buidt on the
successtul 2900 Senes, the most powertul and

(7784)

and post-graduate expenence mdigital electionics
semiconductor or process engimecnn

oxpenence mto practice we'dlike to see vou
ContacttohnDavies. CHD Personnel 1CL
WenlackWav, West Gorton, Manchester
MT2SDR. Telephone 061- 223 1301

ters

vour hru e

The Company:

The Job:

The Person:

The Reward:

The Base:

AMPEX

“"Ampex’ —world leaders in Magnetic Recording.

Due to expansion in the Support Engineering Group new
opportunities now exist for Engineers to join a professional and
dedicated team, working in the forefront of video recording
technology. The work will involve the whole range of broadcast
quadraplex and helical recorders, including the new and exciting
VPR-1. Suitable training will be provided for successful appli-

cants.

Depending on position applied for at least two years experience
int he field of television and a sound electronics background is
required. The more senior positions will require experience in
video recording and related technology.

Excellent salaries will be paid to the right people. A company car
will be provided, together with a comprehensive pension and life

assurance.

Please contact Mrs. J. R. Feaver, Personnel Manager, Ampex
Great Britain Limited, Acre Road, Reading, Berks. Telephone

Reading 85200.

ARTICLES FOR SALE

l VALVES RADIO — T.V.-Industrial-

MAGNETIC MICROPHONE
SPEAKERS

AT Inserts, deal for ali sound speaking and

listening applications. Very rugged. DC res. .20

ohms.

Size: 17 dia. %' deep

40p ea. + 10p P&P

6 for £2.20 + 20p P&P

12 tor £4.50. P&P free

S.A.E. for list. Many Other items.- Trade enquines

welcome.

B.B. SURPLIES, 141 Shalmsford Steet
Nr. CANTERBURY, Kent CT4 70

6792)

Transmitting. We dispatch vaives
to all parts of the world by return
of post air or sea mail. 2,700 types
in stock, 1930 to 1976. Obsolete
types a speciality. List 20p. Quota-
tion S.A.E. Open to callers Monday
to Saturday 9.30 to 5.00. Closed
Wednesday 1.00. We wish to pur-
chase all types of new and boxed
valves. Cox Radio (Sussex) Ltd.,
Dept WW, The Parade, East Witter-
ing, Sussex PO20 SBN. West
Wittering 2023 (STD Code 024366).

(5392

(7757)

“Res a1 20 C 250R 1K2 2K 20K 220K 1m4

ENAMELLED COPPER WIRE

s.w.g. 1ib reel Yalb reel
1010 19 £2.95 £1.60
20 10 29 £3.15 £1.80
3010.34 £3.45 £1.90
3510 40 £3.65 £2.10

All the above prices are}nclusuve of postage
and packing in UK

COPPER SUPPLIES
102 Parrswood Road, Withington,
Manchester 20
Telephone 061445 8753

] 60p (10p)
Mains latching relays 2p 80p (20p)
Humdity Switch. adjustable 50p (15p)
Air operated Switch, 0. 5 p.s.1.. 1A contacts

£1 (250}

wWwWw americanradiohistorv.com

IBM GOLFBALLWRITERS

735 Correspondence Version 10 pitch
input/output £175
G.E. Tape Readers PTR 661A
8-channel optical Asynchronous max step
ping speed 150c.p.s
£25+8% P&P £1.20
NCR 8-hole Paper Tape Punch £25 (£3)

HIGH PERFORMANCE
POWER SUPPLY KIT

ZERO-~30v 5mA—1.5A current hmit
O 'P resistance 1m(} (at board O/ P}
Noise /ripple<" 1mV Very sharp current
limit_ |deal lab standard PSU Generally idiot
proot
Kit of parts (F/G PCB tinned, transformer
controls. wire all components)
£114+8% VAT
Schools and Colleges €10+ 8%
P&P 70p. Built & Tested. £1.50 extra
Transformers
12v 10A £5 (90p). 24v 10A €6 (£1). 9v 3A
£1.60 (60p). 20v 1A toroid 3" dia x 1"
£2.25 (30p). 12v 100mA 60p (20p)
6-0-6v 250 mA €1.10 (20p). 6v 500Ma
€1.10 (20p). 19v 1 5A €1.40 (35p). 18v
2.5A £2.25 (35p). 12v 2A £1.60 (60p)
t Electrolytics
4700y 40v 60p (15p). 2200, 63v 40p
{15p). 15,000, 40v €1 {25p). 10 000,
100v £2.20 (50p). 1000, 63v axial 30p.
Paper Caps
125, 360v AC 60p, 2.5, 800v RMS 80p
(25p). 1, 600v. Ideal for electronic igmition
65p (15p)
Various
Papst fans ex. eqpt. 4z x 4% x 2in. 100
C.F.M £3.50 (65p)
Relay 12v coil B-pin octal £1(15p)
Relay 24v 8-pin octat £1(15p)
Relay Mains coil 3pc/e 11-pin octal

£0.80 (15p)
t MPU 131 Programmable unijunction

£25p (10p)
115v ians chassis, 2 for £2.50 (60p)

Bead Thermistors N.T C

Bulk ltems
PTFE single screened white ideal thermistor
probes £80,1000 yds
TXE /4 Reed Inserts 1A £15/1000
PVC egpt. wire 63/0.2mm, all colours
£30/45,1000m
P&P shown in brackets. min. order £2
Add 122 % VAT to items marked t
Others 8¢
KEYTRONICS
332 LEY STREET, ILFORD, ESSEX
Shop apen Mon -Sat 9 30-2 p.m
Telephone 553 1863 (7762)
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The position

production build-up
The Person

The Company

* Expanding and profitable.

Please contact:

This newly created and important position is unlikely to suit
any applicants currently earning less than £5,500.

* Answerable to Operations Director

+ Responsible for Managing the Test Department for high
capacity disc drives using patented "'interspersed servo:
track following techniques’’

% Personal involvement in testing units in the early stages of

* Qualified to HNC/HND standard in Electronics

* Current experience in both digital and analogue electronics

* Able to motivate and control test engineers

* Preferably possessing knowledge of disc products and
modern high volume test methods.

* Sales throughout Europe of £1.5M

Beryl Homan at Vermont Research Limited
Cleeve Road
Leatherhead

Surrey
Telephone: Leatherhead 76221

Classified P

SITUATIONS VACANT
oy |

Product Test Manager |

Moving — Head Disc Drives
Surrey

£££ +

Salary and Benefits to be negotatiated

UNIVERSITY OF BRADFORD

Educational Development Service—Television Unit

TECHNICIAN

Applications are invited for the post of Technician Grade 6 In the
Telewssion Unit of the University's Educational Development Service
The duties will include the operation and maintenance of a wide range of
monochrome and colour video-recording equipment and the superviston
of technical staff in the studio Applicants should have a minimum of
three years’ experience in television and appropriate educational
qualifications Suitable training will be provided where necessary. Salary
on scale £3314-£3950 p a. Application forms and further particulars
are availlable from the Personnel Office, University of Bradford

Richmond Road. Bradford 7, tel
quote ref. EDS/T6/R/WW

IMPERIAL COLLEGE, TECHNICAL
STAFF, Grade 5 electronics vacancy

for a competent technician in a
University computing department.
Candidates should have ONC or
City and Guilds Electrical Tech-
nicians Part 1 certificate or equiv-
alent and have experience with
construction and maintenance oOf
computing equipment and periph-
erals. Salary in the range £3377-
£3856 (Under review), inclusive of
London weighting and permitted
supplement. Five-day week: 9.00 t0
17.30 hours: Four weeks paid an-
nual leave plus additional days at
Christmas and Easter. Please ap-
ply in writing with full details of
qualifications and experience to Mr
M. D. Cripps. Department of Com-
puting and Control. Imperial Col-
lege, London SW7 2B7, as soon as
possible. (7794)

Bradford 33466 ext

RADIO - TELEPHONE ENGINEERS
Experienced in V.H.F. mobile
equipment. Top salaries for top
ability. We are a young progres-
sive company currently the busiest.
and fastest expanding radio-tele-
phone firm in London. Ring Lon-
don Communications on 01-328 5344
ask for Mike Rawlings or Bill
Clarke. (7356

252. Please
(7750)

ARTICLES FOR SALE

RESISTORS! iw 5 per cent carbon
film E24 series 1p each. 9p each
per ten. — J. Gordon, 23 Camber-
well Church Street, London, 5(5:756

9

T.Vv. TUBE REBUILDING PLANT.
Western-Whybrow Engineering can
supply all items of plant for
qualify rebuilding of Colour Tubes.
Complete  installation, training,
and all associated supplies.
Western-Whybrow Engineering,
WECO Works, Praa Sands Cross.
Penzance. Tel: (073 676) 2285.

(7781

VHF/UHF MONITOR RECEIVERS,
air, marine and business. bands, all
crystal controlled. from £50. Send
15p PO, not stamps. Radio Com-
munications Ltd. St Sampsons,
Guernsey, C.I. (7738

ELECTRONIC INSTRUMENTATION.
If you are interested in the buying
or " selling of good quality use
Electronic Test Instruments, ring
Reading 51074, Martin Associates
and converse with our Sheila
Hatech who will deal promptly
with your enquiry. (6578

WIRELESS WORLD, JANUARY 1978

Telecommunications
Engineering

—a consultancy role

The vacancy is in the Telecommunications Division of the
Central Computer Agency, London, which supplies a
consultancy service to Government Departments on all
technical aspects of the use and procurement of
non-telephony telecommunications equipment and services.
The work is concerned with providing technical advice on the
possible applications of audio and video teleconferencing,
facsimile, closed circuit television, radio telephones and word
processing. It includes liaison with manufacturers, product
evaluation, assistance with procurement and the supervision
of acceptance trials.

Candidates must have HNC in Electrical or Electronic
Engineering, or an equivalent or higher qualification, and
several years' relevant experience.

Starting salary between £4900 and £5700 depending on
qualifications and experience. Promotion prospects.
Non-contributory pension scheme.

Further details and an application form (to be returned by 11
January, 1978) write to Civil Service Commission, Alencon
Link, Basingstoke, Hants, RG21 1JB, of telephone
Basingstoke (0256 68551 (answering service operates
outside office hours). Please quote T/9607. .

CENTRAL COMPUTER AGENCY ;
(Civil Service Department)

(7759}

ARTICLES FOR SALE

S e <<:\‘\l:rystal
\\\ “\\ ACCURATE
@f \@mmsu

oo

©® FAST DELIVERY
® HIGH STARILITY
® TODEFE2N1A

%,
y

r:gi:?:” g Private enquiries. send ! 3p in stamps for brochure
MCKNIGHT THE QUARTZ CRYSTAL CO.LTO.

QL.C. WORKS, WELLINGTON CRESCENT
CRYSTAL Co. Ltd. NEW MALDEN, SURREY  01-842 0334 & 2988
HAROLEY INDUSTRIAL
ESTATE. HYTHE,

SOUTHAMPTON S04 87Y

EL HYTHE 848961
STD CODE 0703

(6044, ENAMELLED COPPER WIRE
swg 1 lb. 4oz. 202.
., 14.19 2.40 .69 gg
L . .82 .
ADVERT 032 26 ss ea
NIXIE TUBES 3540 2.85 1.04 .75
Ex Plessey GR1OM & GR10G £1.50 inclusive of p&p and VAT

ea

PO TYPE METERS (magnetic
counters) 24v. 4 x 5 Digit Types (not
resettable) £1 00 each.

PVC COVERED TINNED CU WIRE
25 SWG various colours. 10p per
10 metres

SAE brings Catalogue ot copper and
resistance wires in all coverings.
THE SCIENTIFIC WIRE COMPANY
PO Box 30, London E4 9BW  {7347)

60KHz MSF Rugby Receiver. BCD
TIME OF DAY OUTPUT. High per-

Add 25p for packing and postage formance, phase locked loop radio

receiver, 5V operation with
FISHER, 116 Dunyeats Road. Broad- second LED indliacam-on. Kit com-
stone, Dorset 7792 plete with tuned ferrite rod aerial
£14.08 (including  postage and

VAT). Assembled circuit and cased-

LAB CLEARANCE: Signal Genera- up version also available. Send
tors; Bridges; Waveform, transistor | for _details, ~Toolex, Sherborne
analysers: calibrators; standards: (4359), Dorset. 2l
rlg‘iﬁlllivoltmeters; dynamometers;

meters; oscilloscopes; record- | TIMESWITCHES. CH TIME-
ers; Thermal, sweep, low distor- SWlTCHES.HSangamo % amp ri.
tion, true RMS, audio, FR, devia- | conditioned. guaranteed for one
tion; Marconi, Wayne-Kerr, R & S, | year. Only £3.70. Also Electric

B & K, GR, BLP Plugins, refrigera-
tion equipment, etc. Tel: 040-
376236, (7789

Eyes. — Write, J. Donohoe, 1 Upper
Norfolk St., North Shields, Tyne &
Wear. = (7738
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ARTICLES FOR SALE

Standard board 204mm x 1 14mm
Double board 204mmm x 228mm
Quad board 408mm x 228mm
Giant’ board 610mm x 456mm

Plain Copper-clad Fibre-Glass
Appiox 3 18mm thick

Approx 2 00mm thick

Approx 1 Omm thick

G.FMILWARD

This is fiest-grade 116" board coated with positve resist The sensiused surlace is pr
making 1t possibie to handie boards 1n nromal lighting and to cut to exact size prior to exposure

SINGLE SIDED

Developer — 40p. Ferric Chlonde — -75p

FOTOLAK Light sensitive lacque

One can will coat 11

Positive 1esist in handy aerosol form Just spray board. allow to dry place
positive of required cicunt on sensiised surface. expose, develop and etch 1>SPEC'AL OFFER!!! Orders over £10
You can produce your own perfect circuits within munutes rather than weeks!
Widely accepted by industry as the perfect medium for ali prototype work
square metres of board £1.80 per can inclusive € This offer s for a imited period only! Order today!'

W D PPy

o~

ELECTRONIC
RESIST COATED FIBRE-GLASS BOARD

otected with removabie light-proof adhesive film

£1.50
£3.00
£6.00
£9.00

Single-sided £1.25 square foot
Double-sided £1.50 square foot
Single-sided £2.00 square foot
Doubte-sided £2,25 square foot
Single-sided £1.50 square foot
Doubie-sided £1.75 square foot

COMPONENTS

12 Volt Fluorescent Lighting
2" 8-watt Litings €3.75
21" 13-watt fitings £5.00
Complete with tube
nverter transformers £1.00

To ciear
500.000 controls
~ Pre-sets. Volume Wire

TEL. 021-327-2339 }

PRI N s B s
.

) £1 Credit voucher included for each £10 value of order
£15 Credit voucher included with £100 orders!t

N R N

wound. Convergence etc
Mixed bags of 100 Very
handy' £3.00 incl

PPN

POSTAGE AND VAT INCLUDED

NN N

e o o

|1 360 ALUM ROCK RD. B'HAM B8 3DR

1.C. TIMER
COOK BOOK

By W. G. Jung
Price: £7.50

ACTIVE FILTER COOK
BOOK by D. Lancaster
£10.85.
MICROPROCESSOR / M-
CROPROGRAMMING
HANDBOOK by B. Ward
Price £4.00
OPERATIONAL AM-
PLIFIERS DESIGN & APP-
LICATION by Burr-Brown.
£6.50

BUILT YOUR OWN WOR-
KING ROBOT by D..L. Heiser-
man. Price £3.70
MICROPROCESSORS &
SMALL DIGITAL cOM-
PUTER SYSTEMS by G. A.
Korn. Price £18.90

LOGIC DESIGN PROJECTS
USING STANDARD I.C.s by
J. S. Wakerley. £5.00
TOWER'S INTERNATIO-
NAL TRANSISTOR SELEC-
TOR by T. D. Towers 1977
Price £5.00

HYBRID MICROELEC-
TRONICS by T. D. Towers.
£8.00

* Prices include postage %

SIGNAL GEN No. 6 special purpose
unit used for testing sonarbouy
receivers 17 channel crystal con-
trolled unit covers 60 to 70Mc/s
will give CW, single or double
freq AM, FM or AF O/Ps, 4 step
O/P atten 10Uv to 250Mv, level
meter reqs ext P.U. with circs
etc fuller disc on list £25. SUB ASS
from Marconi Spectrum Analysers
all with valves & circ. Unit A 2
converts 3/30Mc/s to 3/6 Mc/s with
preselector dial unit and crystals
£10.80. Unit A.3 converts 3/6Mc/s
to 700Kc¢ with tuned filter., VFO.
dial ass ctc £8.50. A.3 Scanning unit
contains swept osc converts 700Kc
to 60Kc also contains timebase, X
& Y amp units etc £13.50. Filter
Units set of 3 filters center freq
60Ke bandpass at 3Db 6,30 & 150c/s
with IF amp £26 per set. SIGNAL
GENERATOR portable spot freq
unit used for testing VHF & UHF
DF equip gives spot freq O/ps with
provision for 1Kc mod at 105. 125
& 150Mc/s nom 50 mill/W & 230.300
& 390Mc/ nom 10 Mill/W all chan
crystal controlled, operates from
int 6v lead acid battery with ext
additional  battery to increase
operating time, as int battery
charger 115v, supplied with mount-
ing tripod, copy of circ etc and two
batteries new unused American
surplus. £65. Recorders 4 chan 12v
DC two speed with amp unit. P.U
ass some spares etc £30. U H.F. Rx
unit ground 225 to 400Mc/s single
channel double conversion ecrystal
controlled 230v with circ. £30] All
nrices include carr. & Vat. SAE
for list 18 A H. SUPPLIES, 122
Handsworth Road. Sheffield. S9
4AE. Ph 444278 (0742). (7736

THE MODERN BOOK CO.
SPECIALISTS IN SCIENTIFIC
& TECHNICAL BOOKS
19-21 PRAED STREET

TELEPHONE ANSWERING Machines
tor Sale. New £120. Answers and
Records. Plus 2-way Conversations
ana Dictation. Free Accessories and
guaranteed 1 year. Callsaver. —
C.R.V. Electronics Ltd., 01-249 0416,
01-580 1?00‘ 30 Goodge Street, Lon-

COMPONENTS BY RETURN

Semiconductors

8CY70/71/2 t3p
ACiI26/7/8  14p

BD13y1/2 40p

AD161/2 40p D139 d0p
BC107/8/9 8p  RpI40 42p
8C147/8/9  8p  BFI94/S \p
L BC1S7/8/9  10p  gFigh/7 13p
BC167/8/9  10p  grys50/5) 15p
8C177/8/9  12p  gFx29 25p
8C182/3/41 10p @rxp4 20

BC212/3/4L V1p My 2955 lﬂl:

MPF102 33p  ZN2646 50p Integrated carcuits
14916 5p  2N2904/5 15p 700 DIl 24p
184004 /2 4p  2N2926{R) Tp 741 01L 22p
1R4003/4 5p  2N2926(6) 10p 748 01L 33p
IN4D05/6 6p  2N3053 14p  CA3I30 89p
N4 148 3p  2K3055 38p  LM380 94p
ZN697 V2p  2N3702/3/4  8p LM38) 130p
2NT06 9p  2%3903/4/5 12p  IM3B2 5p
K171t 18p 285457 33p NESSS 35p
IN2219 1Bp  ZN5459 36p NESSE Bop

T1L Al tamous
7400 13p 7422 25p 7450 14p 7491
7401 13p 7423 25p 7451 14p 7492
7402 13p 7425 30p 7453 14p 7493
7403 14p 7426 32p 7454 14p 7492
7404 14p 7427 30p 74R0 14p 7495
7405 14p 7428 38p 7470 30p 7496
7406 29p 7430 14p 7472 25p
1407 29p 7432 26p 7473 30p
7408 14p 7433 46p 7474 30p
1409 14p 7437 30p 1415 36p
7410 13p 7438 30p 7476 33p

P Mit9
7414 55p 7443 108p 7483 92p 74121

ers. Quantity

25+ 10%. 100 + 15%. 1.000 + 20%. any mix.
65p 74145 6Bp 74182 B4p 4012 16p 4042 80p
45p 74150 t15p "74184 164p 4013 46p 4043 95p
40p 74151 74p 74180 14Bp 4014 85p 4044 95p
80p 74153 BOp 74191 132p 4015 80p 4045 142p
65p 74154 125p 74192 118p 4016 47p 3046 132p
78p 74155 75p 14193 116p 40i7 88p 4047 106p
97p 74156 75p 74195 93p 4020 95p 4049 48p

38p 74157 75p 74196 103p 4021 95p 4050 S2p
38p 74160 110p 74197 103p 4022 85p 4055 150p
32p 14161 110p gmos 4023 16p 4056 130p

50p 74162 110p s00p 15p 4024 72p 4069 20p
75p 14163 110p 4pp) 16p 4025 16p 4070 40p
S0p 74164 93p 40 1ep 4027 S52p 4071 22p
130p 74166 130p 4006 88p 4028 84p 4072 22p
30p 74175 90p 4007  16p 4030 Sop 4081 22p

P
7416 28p 7444 108p 7484 92p 74122 47p T4176 110p 400  B8p 403511\1: 4082 22p
7417 28p 7446 8Sp 7485 115p 14123 45p 74177 110p 4009 45p 4037 97p 4510 130p
7420 14p 7447 B5p 7486 30p 74136 75p T4IB0 105p 4010 45p 4040 95p 4511 ldop
742) 25p 7448 78p 7490 4lp 74141 71p 7418 190p 4011 16p 4041 Bop 4516 125p
4518 125p
:xlec'1|roldync Capacilors Dptocleciranics :2§g ! gg:
1t [eads LEDs  Red Graen i
XY 2BV B/ SV sy S0V D125 Tizee m;” ]V;levlz Clip 4585 118p
ooz 10 a7 2 02 RV VA0 AYaD 3p i ¥zockets
4 22 10 a7 w0p  21p  2ip Spn 11p
5 S I 5% s 7 }2’3“ :gn
- OL707 66p. 0L727 150p. OL747 130p. an P
Potentiometers 24 pin 30p
Cartion irack. Log + Linaar valuss.
5K-2M slngle gang 24p Zener Diodes
5K-2M single gang 0/P switch 52p BIYBS Sacies, 400mW 5% E24 series from 2,7-33V. Any seiection. mn
5K-ZM dual gang stereo 63p each. 6p 100+. 5.3p 1.000+

Polyester Capacitors

CZ80 Series 250V PC mounting 0.01, 0.015. 0.022,
0.033. 0.047. 4p: 0.068. 0.1, 4%p. 0.15, 0.22. 6p:
033, 0.47. 9p: 0.68. 12p: 1.0, 15p; 2 2uF. 24p.

Thynstors " 3 TA 108
Piy 200 3p 38p 58p 59p
400 38p 48p 65p 70p
600 52p 55p 75p 80p

Carbon Fibm Resistors

025W 5% Hestability €12 series 4.70-IM. Any
setechion 0.9p each. .8p100+.0.75p 1.000+
Speciat pack of 10 of each value 650 Resislors).
E5.10.

22 Tiverton Drive,

Orders sant by return of pest. Al components guaranteed braad new and full
sgecificatlon. Prices Include VAT. Please add 20p carriage |first ciass).
Otficial orders welcomed otherwise cash with order please. We will gladly
quale tar ilems not hisled. Ovarseas customers please yse thesa prices as
VAT exclusive carriage pard [mimmum €31 SAE for our Jatest Nist. (1769)

C. N.STEVENSON (WW1)

London SES 2BY, England

LONDON W2 1NP don. (7096
Phone 723 4185
Closed Sat. 1 p.m 44
ELECTRONIC EQUIPMENT
Have lable for Manufacturers and
distributors huge stocks of cabiles and
components, including:
SINGLE., TWINS, 3 CORES FROM £4
. 1000
SOWTER TRANSFORMERS MO%LTTCORES (9-68 WAY) FROM £180/
' 1000m

FOR SQUND RECORDING AND
REPRODUCING EQUIPMENT
We are 10 many 1-ki
studios and broadcasting authorities and were
established i 1941 Early deliveries. Competitive
prices. Large ~+ small quantities. Let us quote
SOWTER TYPE 3678
A recent release

Prumary windings tor 800 ohm, 200 ohm and 60"
ohm with Secondary loadings from 2K ohm to 10 K
ohm. Frequency response plus/minus % dB 20 Hz
10 25 KHz. Contained in well finished Mumetal bax
33mm diameter by 22mm high. with colour coded
and leads. low distortion DELIVERY (smait
quantities) EX-STOCK. HIGHLY COMPETITIVE
PRICE. FULL DETAILS ON REQUEST
E. A. SOWTER LTD.
Manut: and Desig
7 Dedham Place, Fore Street
Ipswich 1P4 1JP. Tel. 0473 52794 7269

MULTITAP MICROPHONE TRANSFORMER. -

R.F COAXIALS (50 ohm) FROM £20;
1000m

Components from our large range in-
clude:

RESISTORS FROM £4/1000
ELECTROLYTICS from £15,1000

PRESET CONTROLS FROM £20/ 1000
ALSO TRANSFORMERS, MOTORS
SOLENOIDS. ETC

TRADERS NOTE: We offer a selected
range of low-priced, pre-packed com-
ponents.

ELECTRONIC EQUIPMENT CO. LTD.
SPRINGFIELD HOUSE, TYSSEN ST.
LONDON, E.8. TEL. 01-249 5217

{7768)

MORSE CODE
RECEIVING AND SENDING

Receiving:
CASSETTE A

For Amateur Radio examination preparation Speed

slowly increasing from 1-12 w.p.m

CASSETTE B

For Professional examination preparation

Computer produced morse from 12-24 w.p.m
Including International procedure signs and symbols

Sending:

and their incorporation into messages

Morse Key and Buzzer Unit for sending practice and
own Tape preparation. Phone output

Prices: each cassette, including booklets, £4.50
Morse key and buzzer unit, £4.50

Prices include VAT, postage, etc. Overseas Airmail £1 extra

M. H.

ELECTRONICS

12 LONGSHORE WAY, MILTON, PORTSMOUTH PO4 8LS

www americanradiohistorv com
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RTICLES FOR-SALE

W
AUDIO

L_ The firm for Speakers

AUDAX
HD129D25
+=0:13DJ4
HO13D34H
HDO13D37
H[110D25AV
#D11P25BC
HD17B37
HD21B37
#D2082534
HD20B26H4
HIF13E &'
HiF21E 8"

CELESTION
HF1300 It
HF2000

COLES
4001
3000

EMI

350 4 OHM
12'"14A/1200
14" x 9" 14A770
13" x 8’ BASS

7.95
14.95
12.50

8.95

DALESFORD
D20/105 4" MID
D30/110 b'* BASS
D50/153 6'2 BASS
D50/200 8' BASS
D70/200 8" BASS
D100/200 8 BASS
D70/250 10’' BASS

9,95

9.95
10.95
10.95
21.75
23.50
24.95

D100/310 12’ BASS 30.95

FANE
13"x 8 138/10T 5.95
JORDAN WATTS MODULE
17.95
JORDAN WATTS HI FRE
QUENCY KIT 7.95

KEF

127 8.50
T15 10.75
BE110 10.95
B200 11.85
B139 24 .95
DN12 1.25
DN13 SP1106 4.95
DN13 SP1017 4,895
DN22 (104AB) 36.00

MOTOROLA
PIEZO HORN 8.50
TANNOY
HPD295A
HPD315A1
HPD385A

83.00
93.00
110.00

Everything in stock for the

speaker constructor! BAF
long fibre wool, foam, ftet
panels, crossovers and
components. Large selec-
tion of grille fabrics. Send
15p stamps for samples

Send 15p stamps for free
38-page catalogue ''choos-
ing a speaker

(76121

(e L
!EEHiHIIEIFLII|.I
[Eggiill [ﬂll] _1
L The firm for Speakers

A

Swan Works. Bank Square.
Wilmsiow, Cheshire

B l a Lightning service on

telephoned credit card orders'
Tel: Wilmslow 29599

COLOUR, UHF AND TV SPARES,
TELETEXT 77 IN COLOUR. MANOR
SUPPLIES ‘* EASY TO ASSEMBLE "
KIT. Including TEXAS Decoder.
Aerial Input, completely external
unit, no further connections to set.
Full facilities, mixed TV pro-
gramme and Teletext, Newsflash.
Update, and many special features
not found in other units. Demon-
stration model in operation at 172
write for further information,
NEW COMBINED COLOUR BAR
GENERATOR PLUS CROSS HATCH
KIT (Mk4) UHF Aerial input type.
Eight vertical colour bars plus R-Y,
B-Y. Luminance combinations, Grey
scale etc. Push button controls,
Battery operated. £35°, Case £2.40°,
Battery Holders 78p°*, p/p £1.
CROSS HATCH KIT, UHF Aerial
input type, also gives peak white
and, black levels, Battery operated,
£11° p/p 45p. Add-on Grey Scale
kit £2.90° p/p 35p. Add-on Colour
Bar Kit (Mk 3) £25°, Cases £1.40°
p/p 95p. Cross Hatch Unit, com-
plete and tested in De Luxe case
£18.00° p/p £1.

** Wireless World '~ TV Tuner and
FM Tuner Projects by D, C. Read.
Kits of parts available. CRT test
and reactivator kit for colour and
mono £18.80* p/p £1.20. UHF Signal
Strength Meter kit £18° p/p 90p.
625 TV IF Unit for Hi-i amps or
tape recording £6.80 p/p 70p. Decca
Colour TV Thyristor Power Supply
Unit, incl, H.T.. L.T., etc. Incl, cir-
cuits £3.80 p/p £120 Bush CTV 25
Power Supply Unit incl H.T,, L.T..
etc. £3.20 p/p £1.20. Bush CTV 25
Convergence Panel plus yoke, blue
jateral £3.60 p/p 90p. Philips Single
Standard Convergence Units com-
plete, incl. 16 controls £3.75 p/p
85p. Colour Scan Coils, Mullard or
Plessey, £6 p/p 90p, Mullard AT
1023/05 Converg. Yoke £2.50 p/p
75p. Mullard or Plessey Blue Later-
als 75p p/p 35p. BRC 3000 type
Scan Coilg £2 p/p 90p. Bush CTV
25 Scan Coils £2.50 p/p 90p, Delay:
Lines: DL20 £3.50, DL40 £1.50,
DL1E, DL1 85p p/p 45p. Lum,. de-
lay lines 50p p/p 40p. G8 Tripler
£6, BRC 300 Tripler £6.60 p/p 75p.
Others available. Philips G8 De-
coder part-complete £2.50 p/p 75p.
GEC 2040 Ex-Rental Panels, De-
coder £5.00. Time Base £5.00. p/p
90p. VARICAP TUNERS, UHF: ELC
1043 £4.50, ELC 1043/05 £5.50, VHF:
ELC 1042 £4.80, Philips VHF £3.80.
Salvaged UHF & VHF Varicaps
£1.50 p/p 35p. SPECIAL OFFERS:
6 Psn Varicap Control Unit £1, 7
Psn De Luxe Control Unit £2.50,
p/p 35p. UHF Transd. Tuners incl.
slow motion drive £3.80. 4 Psn and
6 Psn. Push button transd. £4.20
p/p 95p Helical Pots 100K, 4 for
£1.20 p/p 30p. Thorn 850 Dual Std.
Time Base panelg 50p. Philips 625
IF panel incl. cct. 50p p/p 70p.
VHF Turret Tuners AT 7650 for KB
Featherlight, Philips 19TG170, GEC
2010 etc. £2.50. ireball Tuners,
Ferguson, HMV, Marconi 80p. p/p
all tunerg 80p. Mullard Mono Scan
Colls for Philips. Stella, Pye. Ekco,
Ferranti, Invicta £2.00 p/p_85p.
Large selection LOPTs, FOPTs
available for most popular makes.
MANOR SUPPLIES, 172 WEST END
LANE, LONDON, N.w.6. Shop
Premises. Callers welcome. Thou-
sands of additional items available
not normally advertised. (Nos, 28,
159 Buses or West Hampstead-
Bakerloo Line and British Rail).
Mail Order: 64 Golders Manor
Drive. London. N.W.i1. Tel: 01-
7904 8751. V.A.T. Please ADD 123%
TO ALL PRICES (EXCEPT WHERE
MARKED* V.A.T, 8%) (60

EQUIPMENT | WANTED

BROADFIELDS AND

MAYCO DISPOSALS
21 Lodge Lane, N. Finchley
London, N12 8JG
Telephone:

01-445 2713

01-445 0749 01-958 7624 |

MAY WE ASSIST YOU TO
DISPOSE OF YOUR SURPLUS
AND REDUNDANT STOCKS

We will call anywhere in the
British Isles, and pay SPOT CASH
for Electronic Components and
Equipment.

THE FABULOUS D2 5
MICROPROCESSOR EVALUATION
KIT FROM MOTOROLA
Featuning ‘24 key keyboard "Seven segment
display ‘Cassette interface "Erom & Ram
Expandable “Interface Capability ‘Full Do-
cumentation '5 Volt power supply required
'One year's FREE membership of The
Amateur Computer Club with every
purchase’ €176 + £1 50 P&P + 8% VAT.

ENAMELLED COPPER WIRE
oz

SWG ilb 8 oz 40z 2

14-19 260 140 .66 55
20.29 280 160 85 65
30-34 300 170 95 70

35-40 335 1.90 110 79
40-43 450 2 50 190 125
44-46 500 300 210 165
47 8 00 5.00 300 1.76
48 1500 9.00 600 330
Tinned Copper, Even Gauges 14-30 £3 per
Ib Multicore 60/40 Solder 18SWG £3 24
per Ib Prices include P&P and VAT.
SAE brings list of copper and resistance
Wires.

THE SCIENTIFIC WIRE COMPANY

EXCLUSIVE OFFER

HIGHEST QUALITY 19"
RACK MOUNTING CABINETS
Over 60 types avaslable from 12 10 90" tugh
Also twins mniples & cansoles Below are only a few
ypes Please send for fuil list

Ret H1”" Width'' Depth"’ Price
PE 10 21 13 £10.00
Lo 54 Fal 18 £20.00

64 25 26 £45.00
SiL Al 25 26 £50.00
PT 72 20 21 £€20.00
T 75 22 21 £20.00
ST 85 22 24 £70.00
Racal cabinets for RA-17 117 £30.00

PO Box 30 London E.4 {7771)

WE INVITE ENQUIRIES from any-
where in the world, We have in
stock several milllon carbon resis-
tors 4. 4, % and 1 watt, ¥ million
wire wound resistors 5 and 10 watt
— 1 million capacitors — 1 million
electrolytic condensers — % milllon
transistors and diodes, thousands
of potentiometers, and hosts of
other components. Write, phone or
call at our warehouse. — Broad.
.fields and Mayco Disposals Ltd.,
21 Lodge Lane, North Finchley
London. N.12. 01-445 0749, 445 2713,

(5907)

LINSLEY-HOOD 75 watt power amp
modules, fully built and tested.
from £13.50 each. Complete module
kit £10.50. Large range of spares
in stock. Linsley-Hood 75 watt
amps constructed and repaired.
SAE for details and list of Kits.
I. G. Bowman, 59 Fowey Avenue.
Torquay, S. Devon. (7776

SIGNAL GENERATOR: Audio (new)
£22. Advance RF.Ql. £39. Cossor
TV align't £30. Avo electronic
tester £39. — 01-802 4472. (7743

TV TUBE REBUILDING?, we
speclalise in supplying the widest
range of Electron Guns. Parts and
_ Tube components backed by the
fullest Technical advice on all
agpects of Rebuilding. Ask for our
literature, for competitive prices,
widest range, best service, —
Griftronic Emission Ltd 4 Bishop-

ton Lane, Stratford-upon-Avon.
Warks. 'Phone 0789-66831. (7693
COMPONENT CLEARANCE. New/
used Transistors, ICs Capacitors.
Ferrites. Units, Valves, 8 pages,
700 items. Lists. — stamps apprec-
iated. Box No. WW 7723, (7723}

BOOKS

THE DALESFORD SPEAKER BOOK
BY R.F. C. STEPHENS

This book is a must for the keen home

constructor. Latest technology DIY speaker

designs. Contains foll plans for infimte baffle

and reflex designs for 10-100 watts. also

unusual centre-bass system for those who

want Hifi tc be “"heard and not seen’". £1.95

{£2 20 post pad $5 Overseas )

VAN KAREN PUBLISHING
5 SWAN STREET, WILMSLOW

CHESHIRE (7506)

TV REPAIRS SIMPLIFIED. Full re-
pair instructions any British TV
for £4.50. Circuit Diagram on re-
guest; details unique books e.g.
bLvery mono British TV circ. diag./

layout £9.50. Also colour. Aus +
WW, 76 Church Street. Larkhall,
Lanarks. (7214

‘“ VINTAGE CRYSTAL SETS, 1922-
1927.” Just published by Wireless
Wworld, containsg 128 pages. Chap-
ters on the first days of broadcast-
ing, The Crystal Set. Vintage Wire-

less Trademarks. Also catalogue
sections listing and describing
crystal sets together with their

original prices in £:5:d. A book for
the collector or those interested in
nostalgia. Available from main
bookshops or direct from us. Please
send £2.80 inclusive to 1PC_ Busi-
ness Press Ltd., Room 11, Dorset
.House, Stamford Street, London,

SE1 9LU. (6125

www americanradiohistorv com

AUDIO AND INSTRUMENTATION-
TAPE RECORDER-REPRODUCERS

Plessey 1D33 Digital Unit, 7 track Og
Plessey M5500 l)iéual Unit. 7 tracks 427
Ampex FR-1100 6 speeds. stereo e
Ampex FR600 4 speeds. 7 tracks '2”

DRI RM! 4speeds, 4 tracks 's”

£MI TRY0 2 speeds. 1 track '2”

EMI BTRI. 1 speed. | track 's”
EMIRJ0IG. 2 wpeeds, 2 tracks 's”

Nhncom CMP-100, 6 speeds. 7 tracks %, ‘2. 17
Leevers Rich DA-2P, 2 speeds. 2 tracks 1%’
Leevers Rich Cansole 2 track '+, 2 speeds

Prices of above £70 to £500

Also Transpart Decks only avalable

R R R R R RN

We have o large quantity of "bits and pleces” we
canniot st — please send us your requirements, we
can probably help — all enquiries answered.

All our aerial equipment is
professional MOD quality

* Wireless World Vol 1. No | to date P.U.R.
* Racal MA-79 Universal Dnve Unus £450.00
= Racul RA-19L Recewvers . . . £350.00
% Racal RA-19P Receivers (new) ... £950.00
« Tone Coded Voice Freguency Teleprinters . P.UR.

Rhiude & Schwarz ESM Tunable VHF Receivers
30 NROM s I . .. £285.00
« Rhode & Schwarz HFH Field Strength HE Loop
Aeriais o a °o o £140.00
w Narda ¥H Freq. meters 200,500 M /¢ . £45.00
« Cussor CT4534 Electronic Volt ahm meters . £50.00
» B&K 2409 Electromic Mulumeters .. ... £55.00
# Sieigh & Chester Multi-purpose Trolleys with Jacks
917 . 5o .... El16.00
» Racal RA-17L Receivers . g oo £325.00
* Rhode & Schwarz libreglass HA Diversity D|p£11|;;

*

lon o 00
w Jun pump power supplv. EHT. . . £44.00
» SF4 2BCRTS . . . £16.00
# SE3 2A CRT~ o0 o0 ... . E£i6.00
* 3AZP 2{DMN 9 1) CRTs . . £18.00
« EM1 Documents CCTV Ouifit ... £250.00
* Adviance 3KVA CV Transformers . £150.00
» Grainger HF Log Aperiodic Aerial 000 P.U.R.
« Metal ¥ DU Tables 307 x 36" x 307 ... E24.00
# Duvian Logie Testers o .. £20.00
* General Radio Strobotacs e

MANUALS

We have a quantity of Technical Manuals of

Electronic Fquipment, not photostats, 1940 to

1960 Britnh and American No hists. Enquiries'

invited

Data Effictency Respoolers 240v - .. . £28.00
Belling Lee 100 Amp Interference Filters £76.00
Armec 201 Sig. Gen 30 KC3 30MCS .. .. £70.00
Oscilloscopes Gen. purpose 37 . . £35.00
Arrmec 702 $1ig Gen 30 300KCS se o £35.00
R-216 Power Supply Units T Eisoe
Oworlloscope Trolleys from .. ... . - £12.00
1.B.M Video Display Units 4 col
Autophon VHF Receivers 20 120mes .
Solartron CD 524 Osciltoscopes ... . . - -
AVO VT Voltmeters CT-471A .
Racal MA197B pre-Selectors .. .. . £65.00

Collins 500 watt 2. 18 mcs Transmitters . £1000.00
Collins KWT6 SSB 500w Transcervers .. £1250.00
Collins KWT6 200 m/w AM Transceivers £750.00
STC Rx5 2725 mcs Receivers Diversity £140.00

Rack Mounting Operator Tables B
Gaumant Kalee 564 Flutter Meters P
Hewlett Packard 618B Sig. Gen. 3.8/7 2 GHz  £120.00
Rohn 95ft masts lattice 12" vides P.

3001 Lattice Masts, 147 sides o
15ft Latuice Mast sections. 12" sides
120ft Latuice Masts. 15”7 sides ...
75:90ft Skv Towers, self-supporting
Heavy Aenai Rolalors boo
75ft Aluminium Lattice Mast sides ..
Rhode & Schwarz SBR sig gen. 1.6:2.4 gmc  £470.00
Large Aerial Turming Umits ... . ... P.U.
45 feet Uniradio 4 Co-ax 50 ohms .
Bajuns Professional Extenor 600/75 chms .. E6.00
Addo 5/8 Track Tape Punches . .. .... £4
Quality Weather Vanes 8 contacls (unused)  £25.00
Raca) MA-17518 B. Modulators (new) ...
Imshde Cabinet Shell Sliders ... ... £3.00
Tally 58 Track Tape Readers 60 cps .. . EA8.00
Tally 5 8 Track Tape Readers Track Spooling £65.00

Y s s N A N R R A R R i

We have a guantity of Power Transformers 250
watts 10 IBKVA al voltages up to 4DKV. Best
quility at Yow prices, Lists available.

» Rucal RA-63 SSB Adaptors.new . .. . E£70.00

« Rucal RA-237 L-W Converters, new .. .. E70.00

« Racal RA-298 L..B Transistorised Converters
(new) P 50 oo o o0oo © . £120.00

We have a varied assortment of industnal and
professional Cathode Ray Tubes avallable Liston
request

PLEASE ADD CARRIAGE AND
V.AT

P. HARRIS

ORGANFORD
DORSET
BH16 6BR

BOURNEMOUTH (0202) 765051
(7670



www.americanradiohistory.com

WIRELESS WORLD, JANUARY 1978

ARTICLES WANTED

WANTED
for immediate cash
ALL MAKES OF

OLD RADIOS AND

GRAMOPHONES
PRIOR TO 1940

Offers with details and photos (re-
tumed) to:
Wallfass. P.O. Box 1244
D-4050 Moenchengladbach
W Germany (7357)

* MINICOMPUTERS
* PERIPHERALS
* INSTRUMENTATION

For fastest, best CASH offer, phone

COMPUTER APPRECIATION
Godstone (088 384) 3221
7677

WE PURCHASE ALL FORMS
OF ELECTRONIC
EQUIPMENT AND
COMPONENTS, ETC.
SPOT CASH

CHILTMEAD LTD.
7.9, 11 Arthur Road
b Reading, Berks.

Tel. (0734) 582 605

CA.R. Sinclair |

Electronic Stockholders
Stevenage 812193

We purchase all types of
Mechanical and Electronic

Equipment and Surplus stocks.
L (7607)

MINICOMPUTERS
PERIPHERALS
INSTRUMENTATION

For fastest, better CASH offer
Phone:

CHILTMEAD LTD.
Reading (0734) 586419

WE PURCHASE, FOR CASH the
following: R. F. Power Transistors.
Varactor Diodes, and all special
components normally used in VHF/
UHF Transmittin equipment.
MODULAR ELECTRONICS, 95 High
Street, Selsey Sussex. P020-0QL.
Tel. Selsey 2916. (7696

WILL BUY ANYTHING, any quan-

tity if price is right. Ring Stan
Willetts, West Bromwich. 021-553
01886. (8815

TURN YOUR SUPLUS Capacitors,
transistors, etc., into cash. Contact
COLES-HARDING & Co., 103 South
‘Brink, Wisbech, Cambs. 0945-4188.
Immediate settlement, We also wel-
come the opportunity to quote for
complete factory clearance. (7439

WANTED, all types of communica-
tions receivers and test e?ul ment.
Details tc R. T. & I. Electronics
Ltd., Ashville Old Hall, Ashville
Rd., London, E.11. Ley 4688. (83

B.D. ELECTRONICS offer prompt
settlemen for surplus electronic
components, t.v./audio spares are
of particular interest. Contact Miss
Hughes, 9 Westhawe, Bretton,
Peterborough. Tel 265219. (7632

EDUCATIONAL ,

C AND G EXAM

STORAGE SPACE is expensive, why
store redundant and obsolete
equipment? For fast and efficient
clearance of all test gear, power
supplies, PC boards, components,
etc. regardless of condition or
quantity call 01-771 9413. (7414

RADIO WANTED, must receive most

European stations, suggest
Panasonic or Tanberg. — ovey
Tracey 833 055. (7752

WANTED. All types of test equip-
ment and instrumentation, to
rices paid, details to: E.LA, 80
heatland Lane, Wallasey, Mersey-
side. (7748

COLOUR TV SERVICING
Make the most of the current boom! Leam the
techniques of servicing Colour and Mono TV
sets through new home study courses.

P by lesding

TECHNICAL T"Ré.INING

Home study courses ctronics end
E Radio, TV,
and U]

Audio, C i

ming. Also self-build radio kits,
Get the qualifications You nesd 10 succeed. Free
detsils from:

[ Schools, Dept.
2B0P, intertext House, London SW8 4UJ. Or
phone 01-822 9911.

7787

CAPACITY AVAILABLE

AIRTRONICS LTD. for coil winding
Large or small/ production runs.
Bobbin — Layer — Wave — Bifilar
— Miniature Toroidals, Airtronies
Limited, Gardner Industrial Estate,
Kent House Lane, Beckenham,
Kent BR3 1UG. Tel. 01-659 11;177.58
1

PCBs/WIRING/ASSEMBLY. Design,
artwork, manufacture, assembly,
wiring of small batches of boards,
panels etc. to high standards.
Quick turnround and competitive
prices. Contact us first: HAMILL
ELECTRONICS LTD, 492 Kingston
Road, London SW20. 01-542 9203.

BATCH Production Wiring and As-
sembly to sample or drawings.
McDeane Electricals, 19B Station
Parade Ealing Common, London,
W.5. Tel: 01-992 9876, (7531

SPARE CAPACITY — Quick Turn-
around Specialist wiring assembly
of large and small items cable
forms, P.C.B. Wire wrapplng},
panels, etc. Lewco, Wellingboroug:

(0933) 877781. (7698

SKILLED HAND agsembly, one.
offs and small batch runs. Bowman
Electronics, 58 Fowey Avenue
Torquay, S. Devon. (7700

SMALL BATCH PRODUCTIONS wir-
ing assembly to sample or draw-
ings. Specialist in printed circuits
assembly. Rock Electronics, Har-
low, Essex. 0279 33018. (7674

RAMTEK LYD for PCB assembly
using flow solderin; techniques.
Try us for competitive quotations
against your own internal costs.
No job too small rapid turn.
around, Capacity also available for
wire cutting, stripping and loom
manufacture. Call us today on
0242 38858. Lansdown Industrial
Estate, Cheltenham, Glos. (7690

PRINTED CIRCUITS. Ultra fast
turnaround. Very competitive
prices paper or glass. Punched or
drilled. Single or double sided.
Also prototypes, artwork, photo-
graphy. Kibmore Circuits Ltd., 120
Garlands Road, Redhill, Surrey
RH1 6NZ. Phone Redhill 68850.7283
(

138

COURSES

-

microminiature equipment.

The Decca College

Microminiature Electronics
Courses in Practical Techniques

Short courses on the microminiature practical techniques
required in the Aviation Industry are available.

The standard course lasts for three days (Tuesday to
Thursday) and is approved by the Civil Aviation Authority.
The course is designed for experienced avionics or
electronics personnel and aims to train them to carry out
practical repairs, modifications and overhauls on

Details of these and other courses from: The Principal,
The Decca College, New Road, Brixham, Devon
\TQS 8NQ. Telephone: 08045-3409.

~

7767 /

RECEIVERS AND AMPLIFIERS

0 Rx5s, etc., AR88, CR100,
BRT400 G209, S640, etc., etc. in
stock. R. T. & I. Electronics, Ltd,
Ashville Old Hali, Ashville Rd..
London, Ell. Ley 4886. (65

SIGNAL Generators, Oscilloscopes,
Output Meters, Wave Voltmeters,
Frequency Meters Multi - range
Meter, etc., etc., in stock. R. %‘
& {. Blectronics Ltd, Ashville 0ld
Hall, Ashville Rd., London  E.1l1.
Ley 4988. (84

CAPACITY AVAILAB

ELECTRONIC ASSEMBLY
AND WIRING
CAPACITY AVAILABLE

M.0.D. approved

J.N. Electronic Supplies
Osiers Road, London, SW18
Tel. 01-874 6162 7447

HIGHWAY ELECTRONICS. Logic
design, PCB Artwork, Assembly,
Testing, Custom built electronics.
— Write to Unit 12, Pontnewynydd
Ind., Est., Pontypool, Gwent. NP4
6PD. (7742

PRINTED CIRCUITS, Small catch-
wiring, electrical testing, minicom-
puters undertaken by Wandtronics
Ltd. Skilled ex Philips workers.
Phone or write for details: Wand-
tronics Limited, Wandly Wharf,
Frogmore. Wandsworth, London
SW18 1HW. Tel. 01-870 6585.(
7755

A COMPLETE and efficient PCB
Service from layout through to as-
sembly. Incorporating quality re-
liability and price. No' order too
large or too small. Also mechanical
detailing is undertaken. For de-
tails and free estimates please con-
tact: J. S. Roberts on 01-553 2577
H.R.C. Artwork Design 45 High
Street, Maldon, Essex. (7731

SMALL BATCH PRODUCTIONS wir-
-ing assembly to sample or draw-
ings. Specialist in printed circuits

assembly. Rock Electronics. 42
Bishopfield, Harlow, Essex. 027¢
33018. (19

www americanradiohistorv com

RADIO and Radar M.P.T. and
C.G.L.I Courses Write: Principal,
Nautical College, Fleetwood, FY7
8JZ (25

RADIO AMATEURS EXAMINATION
CITY & GUILDS. Pass the impor-
tant Examination and obtain your
G8 licence with an RRC Home-study
course. For details of this and other
courses (GCE, professional exam.
inations etc), write or phone: The
Rapid Results College, Dept: JWI,
Tuition House, London SW19 4DS.
Careers Advisory Service, 01-947
7272 or ring 01-946 1102 for prospec-
tus only (24hr answering service).

(7530

RVICES

EURD CIRCUITS

Printed Circuit Boards — Master
layouts — Photography — lLegend
prinuing — Roller tinming —  Gold
plating — Flexible films — Convention
al fibre glass — No order too large or too

small — Fast turnround on prototvpes

All ar part service available NOW |
EURD CIRCUITS TO.
eld House
Wes! Kingsdown
Hr. Sevenoaks, Kenl,

7669

WKZ344

LABELS, NAMEPLATES, FASCIAS
on aluminium or plastic, Speedy
delivery G.S.M, Graphic Arts
Ltd., 1-5 Rectory Lane, Guis-
borough (02873-4443), Yorks, U.K.

(5305)

AMATEUR ELECT. CLUB

THE BRITISH AMATEUR ELEC-
TRONICS CLUB for all interested
in electronics. Four Newsletters a
year with help and special offers
for members. Major projects spon-
sored by the B.A.E.C. designed
and made by members, currently
the B.A.E.C. Z-80. Computer. Mem-
bership fee for 1978 £3.50 U.K.
overseas £4.50 surface and £5.50
airmail payable in sterling. S.A.E.
for details and application form
to the Hon. Sec. J. G. Margetts,
42 0ld Vicarage Green., Keynsham.
Bristol. (7780

7

CAPACITY AVAILABLE

CITRONICS for design, manufac-
ture and assembly of P.C.B. we
are used to the wanted yester-
day situation in small or large
batch quantities. We have other
services available. Contact us first:
36 Coles Road, Milton,

(7788)

Citronics,
Cambridge.
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TWICE

The I.C.E. range of multimeters provides an

unrivalled combination of maximum performance- within minimum dimensions, at a truly

uE the information

1.C.E. MULTIMETERS

in HALF the sizg .

low cost. Plus, a complete range of add-on

Maintenance Manual.

Now available from selected stockists Write of phone for list or for details of direct mail-order service

‘Supertester 680R Supertester 680G

(illustrated) 20Kk2/V - 2% fsd on d ¢
20k/V s 1% fsdondc 4k YV, 2% tsd onac
Ak /V. - 2% fsdonac 48 Ranges -- 10 Functions

109 x 113 x 37mm
£19.95 + VAT

‘80 Ranges — 10 Functicns
*140 x 105 x 55mm
£25.25 + VAT

(For Mail Order add 80p PP}

—w =

Electronic Brokers Ltd.

Tel. 01-837 7781

ies for more rang

All 1.C E multimeters are supplied complete with unbreakable plastic carrying
case. test leads, etc , and a 50-plus page. fully detailed and illustrated Operating and

(For Mail Order add 80p P&P)

49-53 Pancras Road, London NW1 2QB

more f

Microtest 80

20k M/V. = 2% fsdondc
ak YV +*2% fsdonac
40 Ranges — 8 Functions
Complete with case —
only 93 x 95 x 23mm

£14.95 + VAT
{For Mail Order add 80p P&P)
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One of the world's smallest
dynamic-element lavalier
microphones is designed to be
heard, not seen. Other mini-mics
may be O.K. at first, but, as you
know, there have been problems
with sudden failures. . . sometimeson
the airl The new Shure SM11 lavalier
solves the problem with an unusually
high quality dynamic element that
delivers all the reliability of a desk
microphone—yet it weighs less than
a third of an ounce.

Rugged, all-around durability and a

field-serviceable design keeps this
new breed of lavalier on the air
when you need it most. Withour
batteries or unnecessary wiring. And
withour a big price tag either.

The 5M11 has everything: size,
performance, durability, price. That's
not just smnall ralk!

Shure Electronics Limited
Eccleston Road,
Maidstone ME15 6AU

TECHNICORNER

Frequency Response: 50 to 15,000 Hz
Polar Partern: Omnidirectional
Impedance: 150 ohms (200 ohms

acrual) for connection to microphone
inputs rared ar 25 to 200 ohms

Hum Pickup: Lessthan 35.3 dB
equivalent SPLin a 1 millioersted field
Accessories Supplied: Specially designed
lavalier assembly; clip-on clasp: tie-tack
cssembly; connector belr clip.

Telephone: Maidstone (0622) 59881 .40

WW-—002 FOR FURTHER DETAILS
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gets it together...

| Savbit Dispenser

Contains Ersin Multicore Savbit
solder whichincreases life of
l copper bits by 10 times.

| Size5 58p \'i,:% .
iy, 12
| ‘ﬁ,:g':’,’;_ﬁf
l t gy e
PR — i [P S —
| | . - - —
Toolbox Reels
| | |
Three solders that cover all your l l Solder Cream
electrical appiications
40/60Tin/Lead size 3 I I Ez;i’i::geg;césltdr:::als I
saniaitee  g216each | ,
J cannot penetrate.
- eem e sen e e == — Not suitable for
l electrical l
- o s s s om o —ql I connections I
Wem'S FINEST SOuoER i
Economy Pack | - I Size7 99p - |
This convenient dispenser l Handy Dispensers l l
I e”|°“9;‘ general Size19A All electrical work 63p
g;’é?:sg,sq c:erSO(tak:I:uft 200 Size PC115 For small compol.ents 69p I |
o1 elegtrijge':T s :' aplelion Size SV130 Use with copper bits and wires  £1.08p
WO l Size AR140 Metal repairs 86p l l
., Size AL150 Aluminium 76p
Size 6 37p | | sizessi60 Stainless Stee \

- ems ooe ome ome Sme ome e——

Universal !
Tape Head I
Maintenance Kit I

Includes everything necessary
for cleaning heads, capstan l
and pinchwheel on ail types

of recorders.

Ref99 £2.48 J

Y e —

Cassette |
Editing & Splicing Kit |
Make editing simple with Bib splicer, tape cutters, tape piercer.

splicing tape and tape winder/remover. Patent Pending Spllcer ' e e - - = —

British Pat. No 1258280 22 as i
(Method of Splicing) -
-———— = = - —d | ;" Tape Care Kit

' Combined editing/splicing/
cleaning kit with splicer. tape,
' cutters. marker, cleaning fluid

| Ref111 £3.38
|

Patent Pending

p— e emm e em e e == " oan ean mm emn San omm eem

—————— e ——————

- Bib
| Bib Groov- Stat | Groov-Kleen
' Statlc Reducer I Supplied with two bases to
Neutralises in seconds the static charge that attracts harmful b ! A
dusttorecord surfaces. Safeand simple to use. I ' suitall modern single play

cleans records while they

Ref100A £5.98 l ' decks, the Bib Gropv-Kleen

— e e e aan S e S e e e S e uf

play.
Send S.A.E. for free copy of colour I Ref zoooslp

. catalogue detailing complete range. I £3.48 Reg. Des.No 967842
Bib Hi-Fi Accessories Limited, | ,
Kelsey House, Wood Lane End, e o o o o o o o e e o
Hemel Hempstead, Herts.,HP2 4RQ. All prices shown are recommendedretail. inc. VAT,
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