Meterless transistor tester

Colour telephoto system
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~ Giveus
Just2 minutes

with your TF 2002 Signal Generator

and we’ll show you

what our new clip-on can do!

10 KHz

mr’

e

CX°X¢

— —————

QO ==

Go digital with the new
TF2170B synchroniser. Clips

on to your present TF2002
Series HF Signal Generator—cuts
warm up time taken to reach
frequency stability from

2-3 hours to 2-3 minutes.

Flat!

_And don’t confuse it with a lock box.
In function it couldn’t be less like one.
The required frequency is simply set up
on the decade dials (within 10Hz).

The signal generator then only needs to
be tuned approximately to this
frequency until the synchroniser
indicates that it is ‘locked-in’. And
locked-in it stays. The frequency

stability is 1 x 10-6 which will hold
from 10° to 35°C. Indefinitely. And
simply by switching the synchroniser
decade dials, bandwidth measurement
can be made within 1 % of the working
frequency.

Attached to your TF2002 Series,
the TF2170B offers a stability
performance comparable to a
frequency synthesiser with no risk of
generating spurious outputs at low
levels. The TF2170B can be supplied
separately or complete with the
TF2002B which still retains its existing
features including frequency coverage

WW—001 FOR FURTHER DETAILS
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Before you
even begin making
COMPBENISONS -Hote
tat this scale /s

[00-fimes up on 1he
one above !

from 10kHz to 8MHz a.m./f.m.

Have you got 2 minutes?

Contact us at St. Albans for a working
demonstration. At our place or yours.
Just 2 minutes — 3 at the outside.
Promise.

MARCONI INSTRUMENTS LIMITED
A GEC-Marconi Electronics Company.
Longacres, St. Albans, Herts AL4 0JN,
England

Tel: St. Albans 59292 Telex: 23350
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BRADLEY

| electronics )

ever changing

orldl.

There i}dne constant that you can rely
on —#ie continuing quality of Bradley
insfruments. The comprehensive range
'ncludes everything you need ta
measure, test and calibrate, from a new
generation 100MHz oscilloscope to a
complete, yet compact multimeter
calibration station.

They're all realistically priced and

. backed by Bradley's nationwide service

network. Most are available with our
own B.C.S. certificate.
You can see the Braaley range of

WW—004 FOR FURTHER DETAILS
wwwamericanradiohistorvy com

qBaljty instruments at the London /

Electrdmig Component Show on
Stand 758. ,}
Alternatively, yotrean.abtaindetails

from Ashley Stokes at the address
below. His telephone numberis
01-4507811, extension 113.

G & E BRADLEY LIMITED,
Electral House, Neasden Lane,
London, NW10 1RR Telex: 255683
A Lucas Company
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Teonex are
better known abroad...
because we don’t sell
in the U.K.

/A
AL

iy
1

Electronic valves (a reaily comprehensive
range), semi-conductors (a wide variety),
integrated circuits.

Teonex offers more than 3,000 devices.
They are competitively priced and they are
superlative in performance, because the company
imposes strict quality control. Teonex concentrates
entirely on export and now operates in more than
sixty countries, on Government or private contract.
All popular types in the Teonex range are nearly
always available for immediate delivery.
Write now for technical specifications and prices
to Teonex Limited, 2a Westbourne Grove Mews,
London W11 2RY, England.

Cables: Tosuply London W11. Telex: 262256

nnnnnnnnnnnnn

TEONEX _
eLecTRONIC vaLvEs + semi conouctors L || fOY Teonexport @ﬁiy
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LOW COST
TRANSISTOR TESTERS

VISIT US ON STAND 621 ATL.E.C.S.73
OLYMPIA, LONDON, 22-25 MAY

VOLTAGE UP TO 150V.
LEAKAGE DOWN TO 0-5nA.

Tests bipolar transistors, diodes
and zener diodes. Measures
leakage down to 0.5 nA at 2V to
150V. Current gains are checked
from 1pA to 100mA. Breakdown
voltages up to 100V are measured
at 10pA, 100pA and TmA.

- : Collector to emitter saturation

AT IR R L v voltage is measured at TmA,

Py PO Rty Y 10mA, 30mA and 100mA for
%% Rt DOl RS ¢/ g ratios of 10, 20 and 30. The
v ‘ o™ G instrument is powered by a 9V

battery and a transistor D.C. to
D.C. converter to produce 150V.

SR ERCTHONCS (70 smncse 15
Leopvens

TRANSISTOR RANGES (PNP OR NPN) DIODE & ZENER DIODE RANGES

lcgo & lggo:  10nA, 100nA, TpA, T0pA and 100pA f.s.d. acc. lpRr: As lgg o transistorranges.
+2%f.s.d. + 1% at voltages of 2V, 5V, 10V, . ;
20V, 30V, 40V, 50V, 60V, 80V, 100V, 120V, Vz: Breakdown ranges as BVcpgq for transistors.
and 150V acc. +3% +100mV upto 10pA VpE: 1Vfs.d. acc. ::20mVatlpg of TuA, 10uA,
with fall at 100pA <5%+250mV. 100uA, TmA, 10mA, 30mA and
Short circuit current limit TmA. 100mA acc. +1%.

10Vor100Vfs.d. acc | 2%fs.d. +1%at POWER SUPPLY

currents of 10pA, 100pA and TmA + 20%. One type PP9 battery, or A.C. mains when a
Open circuit voltage limit 150V. LEVELL Power Unitis fitted.

10nA, 100nA, TuA ... 10mAf.sd.acc. +2% SIZE & WEIGHT

f.5.d. + 1% atfixed Ig of 1TpA, 10pA, 100pA, 7”x101”"x51".81bs

1mA, 10mA, 30mA, and100mA acc. +1%.

Vcg=2V approx.

3 inverse scales of 2000 to 100, 400 to 30 and

100to 10 convert I into hgg readings. ) )

Acc.is + (24200 % of f.5.d.)%i.e. +-4% at NOTE: Ali prices subject to V.A.T.
fs.d.

1Vf.s.d. acc. +-20mV measured at conditions
on hgg test.
VcE(sat) © 1V f.s.d. acc. £20mV at collector currents of
1mA, 10mA. 30mA and 100mA with Ic/l type TM12
selected at 10, 20 or 30 acc. +20%.

Send for literature covering our full range of portable instruments.
LEVELL ELECTRONICS LTD. 7o/07 245 5058/420 gase - =° °SP

WW—006 FOR FURTHER DETAILS
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Z & | AERO SERVICES LTD.

Sole Distributors of
MASHPRIBOINTORG (USSR)— ELECTRONIC TEST EQUIPMENT and ELECTROTECHNIKA (USSR) - PASSIVE COMPONENTS |

INVITE WIRELESS WORLD READERS TO VISIT THEIR STAND No 751
AT THE OLYMPIA INTERNATIONAL LONDON ELECTRONIC COMPONENT SHOW

VARIABLE AUTOTRANSFORMER LATR-2M* SIX-DECADE 0.01 CLASS RESISTANCE BOX TYPE P327*

6 decades of 0.1-1-10-100-
1000-10,000 £ steps. Decades
and their respective wipers are
brought out to separate ter-

Bench mountedfullyshrouded. . minals.

Input: 120, 220 and 250V. I All-metal  construction,  fully

Output: 0-260V. r screened.

Max. load 2 Amps. ' Capacity: 0.3A for 0.1 and 1Q
decades; 0.1A for 10 decade,

0.03A for 100\) decade; 0.01A

for 1000€)decade and 0.003Afor

10,00042 decade.

£6.55

£65.00

1.H320-1 High speed 2.H320-3 High speed 3.H390 Multi-range AC/DC 4. H352 Portable single 5. H30 10-channel event g H3100 single channel
single channel three channel Recorder channel 1mA. recorder miniature 1mA recorder

OSCILLOSCOPES
1. Single beam C1-5, 10MHz
inexpensive instrument o
&£ 2 DoublebeamCi=t165MHz—
3. Single beam C1-19 1MHz
(D.C.) oscilloscope with
long afterglow screen
4. Single beam C1-37 1MHz
(D.C.) storage oscilloscope
5. Wide band C1-54 (20
MHz) oscilloscope
6. Solid State C1-49 5MHz
oscilloscope

ALSO CARBON AND METAL FILM RESISTORS, CERAMIC CAPACITORS ETC.
PLEASE WRITE FOR FULL TEST EQUIPMENT CATALOGUE -v.winusse

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON wW.2
Tel: 727-5641 Telex 261306

WW—007 FOR FURTHER DETAILS
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We'd like to give you some sound
advice. For headsets of any kind,look
to the specialists.. Amplivox. World

technological leaders in communica-

tions headsets, Amplivox offer equip-
mentthat meets any environmental
situation.
For high noise environments,
headsets incorporating the
brilliant innovatory noise-excluding
Sonovalve and Ampligard are finding
acceptance by the military and in
many commercial organisations.
Through to Minilite,a new light-

Nine sound reasons
for choosing Amplivox headsets

weightthetintroduces a comfort
revolution into conventional headset
design. Amplivox design leadership
not only makes Minilite super-efficient
but super-economic, too.

Just two examples from a range
thatincludes headsets for air-crew,
air traffic or radio controllersand
language laboratories. Teleccmmuni-
cations helmets fortank crews, ear
defenders,intercommunication
systems, miniature earphones and
microphones.

Just some of the reasons for

IRIA/CAIL |

The Electronics Group

talking to Amplivox. A headset foryour
particular application atan economic
price.And that has to make sound
5ense.
To: Racal- Amplivox
Communications Limited, I
Beresford Avenue, Wembley,
Middlesex. HAO 1RU.England. I
Telephone: 01-902 8991

Name l
1 Company

I Address I
I

I My headset requirement is

—r

WW—008 FOR FURTHER DETAILS
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50/70 WATT ALL SILICON AMPLIFIER
WITH BUILT-IN 4-WAY MIXER USING F.E.Ts.

.":m e

BASS TAEALE 6
OfF

56060686

VORTEXION 12 50/70/FET @

on

This 'is a high fidelity amplifier (0.3%
intermodulation distortion) using the
circuit of our 100% reliable 100 Watt
Amplifier with its elaborate protection
against short and overload, etc. To
this is allied our latest development of
F.E.T. Mixer Amplifier, again fully
protected against overload and com-
pletely free from radio breakthrough.

The mixer is arranged for 2-30/60£2 balanced line microphones, 1-HiZ gram input and l-auxiliary input followed by
bass and treble controls. 100 volt balanced line output or 5/150 and 100 volt line.

50/70 WATT ALL SILICON AMPLIFIER WITH BUILT-IN 5-WAY MIXER USING F.E.T.s
This is similar to the 4-way version but with 5 inputs and bass cut controls on each of the three low impedance balanced
line microphone stages, and a high impedance (10 meg) gram stage with bass and treble controls plus the usual line or
tape input. All the input stages are protected against overload by back to back low noise, low intermodulation distortion
and freedom from radio breakthrough. A voltage stabilised supply is used for the pre-amplifiers making it independent
of mains supply fluctuations and another stabilised supply for the driver stages is arranged to cut off when the output is
overloaded or over temperature. The output is 75% efficient and 100V balanced line or 8-162 output are selected by
means of a rear panel switch which has a locking plate indicating the output impedance selected. The Mixer section has
an additional emitter follower output for driving a slave amplifier, phones or tape recorder, output .3V out on 600
ohms upwards.

100 WATT ALL SILICON AMPLIFIER. A high quality amplifier with 8 ohms-15 ohms or 100 volt line

output for A.C. Mains. Protection is given for short and open circuit output over driving and over temperature. Iflput
0.4V on 100K ohms.

THE 100 WATT MIXER AMPLIFIER with specification as above is here combined with a 4-channel F.E.T.
mixer, 2-30/60£2 balanced microphone inputs.1-HiZ gram input and l-auxiliary input with tone controls and mounted in a
standard robust stove enamelled steel case. A stabilised voltage supply feeds the tone controls and pre amps, compensating
for a mains voltage drop of over 25% and the output transistor biasing compensates for a wide range of voltage and
temperature. Also available in rack panel form.

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains and 12 volt battery operation, charging
its own battery and automatically going to battery if mains fail. Protected inputs, and overload and short circuit
protected outputs for 8 ohms-15 ohms and 100 volt line. Bass and treble controls fitted.

Models available with 1 gram and 2 low mic. inputs, 1 gram and 3 low mic. inputs or 4 low mic. inputs.

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 c/s-20 Kc/s
* 1 dB. Less than 0.2% distortion at 1 Kc/s. Can be used to drive mechanical devices for which power is over 120

watt on continuous sine wave. Input 1 mW 600 ohms. Output 100-120V or 200-240V. Additional matching transformers
for other impedances are available.

20/30 WATT MIXER AMPLIFIER. High fidelity all silicon model with F.E.T. input stages to reduce

intermodulation distortion to a fraction of normal transistor input circuits. The response is levet 20 to 20,000 cps
within 2 dB and over 30 times damping factor. At 20 watts output there is less than 0.2% intermodulation even over
the microphone stage at full gain with the treble and bass controls set level. Standard model 1-low mic. balanced and 1
auxiliary input.

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, S.W.19 1SF
Telephone: 01-542 2814 and 01-542 6242/3/4 Telegrams: “Vortexion, London S.W.19”

WW-—009 FOR FURTHER DETAILS
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SO

The simple truth abouthe |

Wayne KerrTM 30

The Testmatic TM 30 has been developed For more information phone Bognor Regis
for efficient circuit-board testing, in the light of (02433) 4501, or fill in the coupon.
operational experience with the TM 60. It is
designed to be worked by people who — whatever
other talents they may have — need not be e o - ———
qualified electronics engineers. In saving time

; I Please send details of the TM 30. 1
it thereby saves you money. " 1
It will tell the operator where there is a § Fortheattention of Mr "
fault, as well as indicating by how much the I Co I
value is high or low. And it can handle 30 tests— i PApanyHame i
in seconds. i and address I
| - i

WAYNE KERR : ;

b Post to Wayne Kerr (TM 30), Durban Road, 1

A member of the Wilmot Breeden group :- Bognor Regis, Sussex PO22 9RL WW/MAY -:

WW-—010 FOR FURTHER DETAILS
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“Q"M AX”

- METRIC RANGE

will be available
from May 1st 1973

10mm, 11Tmm, 12.5mm, 14mm, 15mm,
16.5mm, 17.5mm 19mm, 20mm,
21mm, 22.5mm, 25mm, 27.5mm,
29mm, 30mm, 31Tmm, 32.5mm,
34mm, 35mm, 37.5mm, 40mm, 45mm,

50mm, 556mm, 60mm, 65mm, 70mm.

® The "IMPERIAL" Range will be continued. @

Full Lists from:

“Q-MAX"” (ELECTRONICS) LTD.,

44 PENTON STREET, LONDON, N1 9QA Tel.: 01-278 2500

WW-—011 FOR FURTHER DETAILS
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Gentlemen-
we'd liketoupset

yourmarketing

We'll tell you why. We're now atle te
offer our complete range of Magneatic Heads
for tape decks at a price which coulz reduce
the prime cost of your decks by something
like 5—10%.

As aresuit of our new production line,
ycur leading bay is reached much cheaper
anrd quicker.

We believe that our cquality
remains unchallerged.

Delivery — we offer the most reliable
delivery in the Business.
Wed like to hear from you. (. “2 >

if the guantities you use i

are large enough, maybe we \ -

can upset your marketing plans

even more ! R
Pleese write to Ronald Gorion

- and ask him to tell you how.

DOSMARRIOTTEMAGNENICSILID

Penryn, Cornwall. Telephons: 032-67 2267
WW—012 FOR "URTHER DETAILS
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Cheap power supplies can be expensive
— but there's always an exception to the
rule. Here's ours.

These new miniature d.c. power supplies
are well engineered and compact. They're
suitable for either bench use or for in-
corporating into original equipment and
they feature good regulation, low ripple
and full protection.

Send for the leaflet (better still, try a unit)
and we think you'll agree—they are ex-
cellent units and surprisingly inexpensive.

Instant miniature power from :—

Units available

An exception to the rule

Wireless World, May 1973

*
PRICE
GROUP 1 UNITS : Dimensions (mm) 35H x 64W x 128D. Wt. 0.61kg  0-9 units
OUTPUT \
Model Adjust range (Vd.c.) Currentrating (mA) at T. amb.
min. max. 30°C 40°C 60°C
6/500P 4—6 500 500 250 £13
12/250P 6—12 250 250 125 £12
24/125P 12—24 125 125 62.5 £12
15/15/100P 12-17 0 12-17 100 100 50 £13.50
GROUP 2 UNITS: Dimensions (mm) 40H x 64W x 131.5D Wt. 0.51kg.
6/1P 4—6 1000 750 250 £15
12/500P 6—12 500 500 250 £14
24/250P 12— 24 250 250 125 £14
15/15/200P 12-17 0 12-17 200 200 100 £16
.. . ‘. * (Excludes VAT)
POWER SUPPLIES DIVISION
FARNELL INSTRUMENTS LTD - SANDBECK WAY - WETHERBY - YORKSHIRE LS22 4DH TELEPHONE 0937-3541 - TELEX 557294

LONDON OFFICE: TELEPHONE 01-802 5359

WW—013 FOR FURTHER DETAILS
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hmzscnpimn iz/mu‘able,

you déserve fo know who madeit.

It's easy to spend a lot more than £44 on a that is second to none. The 810 and 710 here,
turntable that isn't really made by the people who the finest turntables we’ve ever made.

all

are

put their name to it. We designed them to give you a freedom
At BSR, we believe in taking the trouble to  unequalled by most other turntables.
make all the vital components ourselves. Freedom from audible rumble. Freedom
And it pays. from wow and flutter.
Gradually, we've built 2 name for reliability Freedom from normal tracking error.
#
00
&
o &
0’ *{@
0‘$'§\z
0 ~
o

We'll explain all the finer datails when we send you our free illustrated
brochure. Or better stiil, when you join us on Stand 747 at the
London Electronic Camponent Show, Olympia, 22-25 May.

] 0’. B
00.;\\%\ O
@ Q*qﬁ\&
o XF
B
-9»&0 QPQQ/ /

)
McDONALD RO
o’ @’e‘\(&‘// /
We put more into R
o F S s
our turntables. o < ,.sj,’&’/

WWI1A
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LANCASTER RANGE 240°

B Models CS60 and CS80 with scale lengths of
4" and 5.5".

B S.A.E. styling in matt black moulded case.

Employed extensively for Tachometry, Simulator
and Marine applications.

B Availability from sensitivities of 200 microamps

MILL!AMEPERES

B Competitive prices. _ N )

Popular models and ranges are stocked in depth
while a specially equipped instrument depart-
ment enables swift production of non-standard
ranges and scales, to suit individual customer
requirements, in large or small quantities.

Anders provide what is probably the largest
range of meters available from a single source
in Europe: MC/MI, dynamometer, vibrating
reed, electrostatic, etc. in over 100 case styles
and sizes, a few of which are shown below.

Vuican Moving lron. 4
models, 1-5”, 1:8", 27",
3-7” scales. Voltmeters,
ammeters and motor
starting meters.

e

Kestrel Clear Front. 7
models, 1:3"—5-25"
scales. DC moving coil,
AC moving coil rectified,
AC moving iron.

Send for fully illustrated catalogue.

Profile 350 edgewise
4-3" scale.

DC moving coil and AC
moving coil rectified.
Horizontal or vertical
mounting.

Oxford Long Scale 240°.

2 models, 55", 8” scales.

DC moving coil and AC
moving coil rectified.

Stafford Long Scale 240
6 models, 3:-5"—11:5”
scales. DC moving coil,
AC moving coil rectified,
AC moving iron. Also 98
scale.

Solicontroller Moving Coil
Relay. DC moving coil
and AC moving coil
rectified. 1 or 2 adjustable
alarm controls.

Regal Range 100”
flattened arc. 2 models
2.5” and 3.2” scales. Taut
band. DC moving coil and
AC moving coil rectified.

nnnﬁﬂs ElEtIHnnlts llm“En 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 3092.

Manufacturers and distributors of Electrical Measuring Instruments. Sole U.K. distributors o
Meters and Tachometers. Manufacturers of purpose built electrical and e

WW—015 FOR FURTHER DETAILS
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News of the De

RESISTANCE
CAPACITANCE
INDUCTANCE

over 60different models

CONTACT US IF YOU. NEED MORE INFORMATION OR DEMONSTRATION

/
RESISTANCE CAPACITANCE
JJ 'Point-One’ Series Decades JJ Decade
Four-decade c3 100 pF 0.111 uF ik £23.50
R3 0-1.111 ochms Resomuun 0 1 ohm 0.1 £24.00 PC3 } 0.5° £33.25
R4  0-11.110 ohms 1 ohm 0.1% £24.50 ca 100 pF IRREIVS €37.00
R5  0-111.110 ohms 10 ohms 0.1% eSatoD pC4 | 0.5¢ £51.00
Five-decade ve4 50 pF 0.11115 4F £31.00
R7  0-1.111,100 ohms 10 ohms 0.1¢ - ves i BOIpE TIN5 uF i e
R9  0-111.110 chms 1 ohm 0.19 £29.76 FYES i e
R10  0-11 111 ohms 01 ohm 0.1¢ £30.25 P
RT1  0-11.111.000 ohms 100 ohms 0.1 £34.50 adedyocision Decades
Six-decade €500 50 pF 1.11108 pF 0.2% £150.00
R20  0-1.111.110 ohms 1 ohm 0.1% £36.00 SVES 50 pF 1 Uk 0.05% £249.00
R21 0-111.111 ohms 0.1 ohm 0.1 £36.50 )
R22  0-11.111.1 ohms 0.01 ohm 0.1 £40.00 Lr'Varisbles
Seven-decade A Spaced Capacitors
R30 0-11.111,110 chms 1 ohm 0.1% £46.00 ol \Olok 250,05 5 £12.75
R31 0-1.111.111 ohms 0.1 ohm 0 1% £42.50 vea 20/pF Tl50lpE 1 €23.50
R32 0-111.111.1 ohms 0.01 ohm 0.1% 3750 jon Aur-spaced Cap
Eight-decade PVC1 5-50 pF, 15-105 pF, 30-200 pF 0.5% £65.00
R41  0-11.111.111 ohms 0.1 ohm 0.1% £52.00 PVC1/S 20-120 pF 0.5 £36 00
R42  0-1.111.111.1 ohms 0.01 ohm 0.1% £49.00 pvez P R o E£50:00
. D . A Incremental Air-spaced Capacitor
JJ ‘"Hundred’ Series Precision Decades PVCa 0-1 pF. 0-10 pF 19 £38.00
Four-decade
R400 0-111,100 ohms 10 ohms 003% S i i
R40T 0-11,110 ohms 1 ohm 0.03¢ eaaing g e ”
RA402 0-1.111 ohms 0 1 ohm 0039 £47.00 et 0.1 wF-61 uF o £e200
R403 0-111 1 ohms 0.01 ohm 0.03% £50.00 gsop ! EAIL00
Six-decade ‘é}gg 1 uF-100 pF gg.gg
R600 0-11.111,100 ohms 10 ohms 0.03° £60.00 1 uF-140 pF I
R601 0-1,111,110 ohms 10hm 0.039 £61.00
R602 0-111.111 ohms 0.1 ohm 0.03% '£62.00 INDUCTANCE
R603 0-11.111.1 ohms 0.01 ohm 0.03% £65.00
Seven-decade JJ Decades
R701 0-11.111,110 ohms 1 ohm 0.03% £71.00 U 3 decade 1 mH 111H 5% £41.00
R702 0-1.111.111 ohms 0.1 ohm 0.03% £72.00 L2 2 decade 1 mH 110mH 5% £29.25
R703 0-111.111.1 ohms : 0.01 ohm 0.03% €75 00 L3 2 decade 10mH 11H 5 £33.00
JJ High Dissipation Decades Precision Decades
HD1 0-1.111,100 ohms 10 ohms 1% £52.00 L300 3 decade 1 mH 111H0.3¢ £150.00
HD1/L0-111.110 ohms : 0.1 ohm 1 £65.00 L400 4 decade 1 mH 11.11H 0.3% £200.00
G x
JJ ‘Junior’ Series
RESISTANCE Five-decade CAPACITANCE
Three decade J10-1.111.100 ohms 10 ohms 1 £1560  JC1 100 6f-11.100 pt 1% £12.90
J5 0 11.100 ohms Resolution 10 ohms 1% £9.95 J2 0- 111,110 ohms 1 ohm 1% £15.40 JC2 30pf-11.140 pf 1% €13.70
J6 0 1.110 ohms 1 ohm 19 £9.90 Six-decade
Four-decade J60 0-1.111,100 1 ohm 1 £18.90
J3 0-111.110 ohms 10 ohms 1 £12.40 Seven-decade
J4 0. 11.110 ohms . 1ohm 1% £12.20  J70 0-11.111.110 tohm 1 £22.50
|

Alltolerancesshown are nominal and refer to major decades at 20°C

LL.EE.CS.

b.A. IIOYd EXHIBITION

Instruments Limited | """

INSTRUVIENTS Brook Avenue, Warsash, Southampton SO3 6HP. Lo
Tel: Locks Heath 4221
WW-—016 FOR FURTHER DETAILS
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Thelatest colour TV tuner-

wWwWwW.americanradiohistorv.com

Mullard has a really
advanced range of vhf,
uhf and vht/uht electronic
tuners. The latest of these
is the ELC 1043/05
aricap’, designed to meet
the exacting requirements
of British transmission
standards up until the
late 19/0's.

Technically, the Varicap’
has many advantages;


www.americanradiohistory.com

now in quantity production
at Mullard, Thornaby

a considerably reduced Varicaps’ are coming
noise level; far greater off the production line at
reliability and it replaces the Mullard Thornaby plant
outdated electromechanical  at the rate of many
tuning systems. thousands a month.

For the stylist there are And increasing.
new freedoms; the tuner Thornaby-yet another
can be sited practically important ‘component’ in
anywhere on the set, it's a Mullard's massive
great deal smaller, and investment in colour
the buttons have a television, helping to
feather-like feel. increase an already

— www_americanradiohistorv com:

imposing export
performance. And helping
you to produce the finest,
most up-to-date, colour sets
in the world.

In quantity and quality.
For today and tomorrow
from Mullard Limited.

Mullard O ..
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Rogers Audio
Test Equipment.

A comprehensive, versatile range of test equipment primarily designed for the measurement of
high quality audio equipment, but with additional applications in the electronics industry in
general. The equipment is of particular interest to the professional audio engineer, recording
studios, broadcasting authorities, and educational establishments.

Type AM 324 AF Millivoltmeter. Designed for voltage measurements in the audio and

low R.F. ranges and, principally for measuring low level signals in high impedance
circuits. An additional application is as a pre-amplifier in conjunction with the DM344A
Distortion Factor Meter for the measurement of distortion of millivolt signals.

Voltage Range: ImV. to 300V. F.S.D. in 12 ranges. Frequency Response: 10 Hz to
500 kHz. Input Impedance: 10 megohms and 20 pF. for all ranges. Oscilloscope Output:
Nominal 1volt, output impedance 5K. Available for battery operation or with regulated
mains power unit. Supplied in chassis form for rack mounting or in free-standing bench
case. Recommended Selling Price: Chassis — £64.00. ¢/w Case — £70.00.

Type S324 Low Distortion Oscillator. Generates a pure sine wave and has been designed

as a general purpose low distortion signal source. The primary application, used in

conjunction with the DM 344A Distortion Factor Meter, is the measurement of distortion

on high quality audio amplifiers, recording and transmission equipment. Frequency
Range: 6 Hz to 60 kHz. in eight third-decade bands. Accuracy + 3% 20 Hz to 20 kHz.
Output Amplitude: Within + 0.5 dB 20 Hz to 20 kHz. Distortion: Less than .05%

100 Hz to 10 kHz. Less than .12% 20 Hz to 20 kHz. Available for battery operation

or with regulated mains power unit. Supplied in chassis form for rack mounting or in
free-standing bench case. Recommended Selling Price: Chassis — £56.50. ¢/w Case —

£62.50.

Type DM344A Distortion Factor Meter. Designed to make accurate
and rapid measurements of total harmonic distortion generated within
high quality audio amplifiers, recording and transmission equipment.
The instrument is direct reading and indicates the total harmonic content
of a complex waveform in R.M.S. values expressed as a percentage of
the total. Frequency Range: 20 Hz — 20 kHz for fundamental in six
third-decade bands. Total Harmonic Distortion Range: 100% F.S.D. to
0.1% F.S.D. in 7 switched ranges. Voltmeter Range: 30V — ImV F.S.D.

# in 10 ranges. Instrument Residual Distortion: Less than 0.01% 100 Hz
84 B to 10 kHz. Recommended Selling Price: Chassis — £132.50. ¢/w Case —

£140.00.

3 » Model A Noise Gererator. A portable
_ur - p battery operated unit designed for carrying
r N out listening tests on loudspeakers. “Pink”
or “White” noise can be selected and output
can be continuous or burst. Output is
continuously variable. Selling Price: £32.50.

-_-------m-—----“ﬂ

r------—------.- - 5

i Rogers Developments (Electronics) Limited. I
i 4/14 Barmeston Road, London, SE6 3BN. Telephone: 01- 698 7424/4340. £
] Please send me colour literature describing your complete range of Audio Test i
[ Equipment. |
B NAME oo e POSITION ....eeeiieeeeeeeaiaeeeenn :
B COMPANY . oeeeeeee e ettt i
i AD D RE S S ..ttt ettt et et J

o um s

WW—018 FOR FURTHER DETAILS
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First in the field

Get the best TV translators with our UHF Triodes and Tetrodes

Our ten years experience in the field of high e long life insuring an unbelievably low ope-
power UHF Triodes and Tetrodes allows us to rating cost

garantee significant advantages: From 10 W to 2 kW, up to 1000 MHz,

e high gain, up to 20 dB for solid-state drivers - see what we can offer and compare before
e simple circuits thanks to ultra-linearity your make a choice.

)\

THOMSON-CSF

THOMSON-CSF ELECTRONIC TUBES LTD / BILTON HOUSE, UXBRIDGE ROAD, EALING / LONDON W5 2TT
TEL. (01) 6791857 / TELEX 25 659

~e———-
e -
3=, f

iy 7,
"'“//«3%':”nmhlﬂuum-m i

n%,,,,,,,,,‘)mm‘ {
' ; X ,
i “"".F* i! {H,.
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11 COUD DO

CAN DO BETER!

Several years ago, we decided that our next challenge would be to go
beyond the best there was. Our computers told us we had taken the
existing cartridge structure and stylus assembly of the V-15 Type Il Im-
proved as far as we could, and that hereafter, any improvement in one
performance parameter would be at the expense of performance in some
other parameter.

Therefore, over the past several years, a wholly new laminated cartridge
structure has been developed, as was an entirely new stylus assembly with
a 25% reduction in effective stylus mass! These developments have re-
sulted in optimum trackability at light tracking forces (3 — 1% grams), a
truly flat, unaccented frequency response, and more extended dynamic
range than was possible even with the Type Il Improved, without sacri-
ficing output level!

Further, because these factors are held in perfect equilibrium, wherein
each design parameter enhances every other parameter, the total audio
effect is greater than the sum of its individual engineering achievements.
Engineers call this effect a Synergistic Reaction; ergo, we call the Type I
the Synergistic Cartridge.

If you like its sound today, you will like it even more as time goes on. In
fact, to go back to any other cartridge after living with the Type Il for a
short while is simply unthinkable, so notable is its neutral, uncolored
sound.

INTRODUCING THE NEW

4
V-ISTYPE III
Super-Track “Plus” Phono Cartrldge

Shure Electronics Limited Name
Eccleston Road
Maidstone ME15 6AU, Department E

Address___

Please send me full details
of the new
Shure V15 Type 1)1 cartridge.

WW.—020 FOR FURTHER DETAILS
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CHANGE OF NAME

SHIBADEN(U.K.) LIMITED
IS NOW PART OF THE
WORLD FAMOUS HITACHI
ORGANISATION.

FROM MAY 11973

THE U.K.COMPANY WILL

BE KNOWN AS-~
Hitachi

(U.K.) LIMITED

THE ADDRESS AND
TELEPHONE NUMBER

REMAIN THE SAME.

and here are details of a single VTR that brings maximum
flexbility to any application —

SHIBADEHS
NEW '
TIME

RECORDER

called the SV612 E {K) this new unit will mix and match
recording and playback times —shortening one, lengthening
another or vice versa.

You have a choice of five recording and playback periods —
from 1, 6, 12, 24 and 48 hours which make itideal for a very
wide range of applications, such as flowers in bloom,
traffic control, the study of nervous diseases, sporting
events and security.

Write or telephone now for full technical information.

Hitachi

| SHIBADEN

(U.K.) LIMITED
BROADCAST & CCTV EGUIPMENT MANUFACTURERS
Lodge House Lodge Road Hendon Nw4 4DQ.

Telephone: 01-203 42426

WW—021 FOR FURTHER DETAILS
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NEW STANDARD CASES from OLSON

NEW SERVICE FROM STOCK — DESPATCHED BY RETURN OF POST

made from
20swg. zinc coated
m/s. Front & rear
panels 16swg. alum-
inium. Cases finished
in Olive green ham-
mertone with front
panels in light straw
shade 384. All cases
fitted with ventilated

Cases

rear panels anc a
very attractive
chrome plated re-

tractable leg can be

fitted as an optional

TYPE | WIDTH HEIGHT DEPTH FRONT PAN DIm. PRICE | LEGEXTRA extra.
21 61" a1 o 6"x4" £2.65 60p

22 gL 51 51 8"x5" £3.00 60p

23 102" 61" 61" 10"x6" £3.60 65p

24 121" 7L 7y 12x7" £3.90 ~ 65p SURS

Our Trade Counter is open for personal callers from 9 a.m. to 5.30 p.m. Monday-Friday

OLSON ELECTRONICS LTD., FACTORY NO. 8, 5-7 LONG ST., LONDON E2 8HJ.

TEL: 01-739 2343

WW-—022 FOR FURTHER DETAILS

wWwWwW.americanradiohistorv.com


www.americanradiohistory.com

Wireless World, May 1973 a2l

A(arrard deck-

- ask the manwho owns one

‘AP76 module: this superb deck offers
every modern feature you need for
Hi-Fiperformance. Thisisa

genuine transcription quality deck at
a moderate price

Fitted with 75/6/SM Shure cartridge.

AP9% module: the connoisseur’s
single playing transcription deck. It
is beautifully styled with precision
performance to match any Hi-Fi
system.

Fitted with 75/6/SM Shure cartridge.

Make no mistake—your deck
is the key unit in your Hi-Fi
equipment. All the latest
electronic refinementsin
amplifiers and speakers can be
wasted if the deck is not
precision-built and
mechanically reliable. Ask the
man who owns a Garrard. He
may take it for granted—but
that’s the way it should be.
You have no second thoughts,
no regrets once you’ve bought
Garrard. That’s why the

i i i SP25 Mk ITI module : this automatic
9verwhe1m1ng ,maJorlty of single play deck offers the refinements
package deals’ start witha of enthusiast Hi-Fi at a budget price.
Garrard. Hi-Fi dealers can’t Fitted with 75/6/SM Shure cartridge. = 2L L
afford after sales problems, so T — T ———P—— .
they go for Garrard. These Garrard ulnit;s a.trie s1tpll)lhed ZERO-100S module : the ultimate.
Go along with your dealer— complete with elegantly style Tangential pick-up arm virtually

bases and distinctive lift-off
go for Garrard. hinged covers, which can be closed

during playing. Ready-wired for greatest combination of advanced
quick and easy connection to features available today.

mains and amplifier. Fitted with M93/E Shure cartridge.

eliminates tracking error. The
transcription turntable with the

Complete the coupon and post it now!

Please send me more details on the Garrard range of modules and decks.

Name.
(Block letters)
Address

A PLESSEY QUALITY PRODUCT @
To: Garrard, Dept.WW, Newcastle Street, Swindon, Wiltshire.

WW-—023 FOR FURTHER DETAILS
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L ] »
RESEARCH COMMUNICATIONS

P MUK IR MATOHS RESEARCH COMMUNICATIONS

PHASE LOCK LOOP
SATELLITE RECEIVER

RF AMPLIFIER

PHASE LOCK LOOP RECEIVERS RF AMPLIFIERS

Type 1100 Satellite Band. 135-140 MHz. Type 1010 Low N(_)!SE_FET RF PREAMPLIFIERS

1.5 dB. Noise Factor. High system gain. Automatic search and lock facility tunes receiver to F”’quef‘cV:. As specified in the range 1 to 2560 MHz.

satellite transmission in range without manual adjustment and enables several satellites to Bapdwnd(h. . As specl!xed from 1% to 10% of centre frequency.

contribute to picture print-out without operator i b it over an ded period. Single No!se Factor: 1.5dB @ 150 MHz. .

channel or manual operation may also be selected. The unit is designed and rated for continuous ?3'": i ig\fvar\f)I;?EOR“:/T:AAB:J::I':I!’E';S. = - - B SR JpaEm .- £40
tori ice. . A . 1 ) ype

duty monitoring service. The output drives facsimile picture equipment directly £250 e 30 MHz.. 60 MHz.. or as specified in the range 1 to 150 MHz

Type 1200 Telemetry. 95-105 MHz. . i Bandwidth: As specified from 1% to 20% of centre frequency

AM, FM, multiptex FM. pulse. Automatic signal tracking and locking. § B A . £250 Noise Factor: 1.5 dB. @ 60 MHz.

Type 1201 410-420 Mz ) 2. : oz £330 Gain: 65 dB. max. Adjustable —60 dB. £60

Type 1300 Single or Mt AM. FM, FM, FSK. RTTY. Up to 250 MHz £240 TVPe 1040 WIDEBAND AMPLIFIER to 100 MHz

Type 1301 250-470 MHz . s - T B N T AR s : £320  Gain: 45dB.+ 1dB. 1 Hz to 100 MHz.

Type 1400 Radiometer. Type 1450 Interferometer. Gain Control: 120 dB. Manual or AGC.

Broadband r with i usable itivity. B1.5 MHz & 151.6 MHz . .. . ... .. £230 Noise Factor: 5 dB. @ 40 MHz. R . - . £50

The DC output drives Up to two pen recorders. 40B MHz . £300 Typas 1010 to 1040. Size: 33" x 11" x 14", Aluminium diecast case.

Receiver size: 43" x 34" x 14", Aluminium diecast case.

FREQUENCY CONVERTERS

Type 1050 Input frequency as specified in the range 1 to 250 MHz. . . £60

Typs 1060 Input frequenty as specified in the range 200 MHz. to 700 MHz. L £80

Size: 44" x 24" x 1}”. Aluminium diecast case.

V.A.T. applicable at the current rete excepting export orders.
For further information telephone Mr. P. H. Strudwick, Faversham 2064
llustrated brochure available on request.

RESEARCH COMMUNICATIONS
PEEL HOUSE, PORTERS LANE, OSPRINGE, FAVERSHAM, KENT.  ME13 ODR Telephone: Faversham 2064

WW—024 FOR FURTHER DETAILS
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Removes unwanted solder!
H5ﬂﬂ is flemovable plug for holder

PURPOSE DESIGNED NOT  — p° (hen cold)
oR ABOUT TWO MINUTES AN ADAPTION TO A
= SOLDERING IRON

NO AIR OR VACUUM LINES

ONE HAND OPERATION
ROBUST CONSTRUCTION

wowantiosomts | EASY TO USE

OVERALL DESIGN GIVES

Cool strong hendie giass filled nylon.

Trouble free metal

A sncased element.
CLEAR VISION OF WORK | ‘4“":".“0.““ ¢— ‘A’ frame support for idling position.
PIECE nozzle.
ADCOLA PRODUCTS LTD, ADCOLA HOUSE, DEPTWwAGAUDEN RO, CLAPHAM SW4 ILN.'
REG. No. 4427682 V.A.T. No. 235-8153-72
a:;ffﬁm:;"mss TROUBLE FREE D Please send immediately an R6500 De Soldering Instrument
ALL VOLTAGES AVA".ABI.E cheque enclosed for £6.72 plus 10% V.A.T. (postage paid U.K. only) l
D Please send further details.
(Tick appropriate box)
NAME
‘ Post now to ADDRESS..... .. . . .

T0 EJECY OLD SOLDER
SHARPLY DEPRESS BULD

D00 R —

WW—025 FOR FURTHER DETAILS
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BIG BOOST
FORTHE
GARDNERS

RANGE

50Hz 300VA Square Wa\?e Inverters

Gardners inverters are designed to

drive any mains operated equipment
which is not unduly sensitive to the
difference between sine and square
waveforms. Incandescent lamps, TV sets,
electric drills are typical of a

wide field of possible applications . . .

Both the 107A and B models are rated
at 300VA (300W U.PF) and will
accommodate reasonable short term
overloads. Price £61 plus VAT.
Brochure GT 26 gladly sent on request.

If it's produced by Gardners it must

be something special, and it is!

Now available, models 107A and B are
precision built inverters providing

240 volts a.c. from 12 and 24 volt
battery systems.

Both models offer unusually high
output ratings enabling the user to
operate many conventional loads such
as lighting and small power tools in
situations where main power supplies
are not available.

@.rd r\e@

Specialists in Electronic Transformers

GARDNERS

TRANSFORMERS LIMITED

Gardners Transformers Limited Christchurch Hampshire BH23 3PN
Telephone 02-015 2284 TELEX 41276 GARDNERS XCH.

WW—026 FOR FURTHER DETAILS
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Metal

cabinets

Suppliedin kit form
for power supply units
voltage stabilizers and

electronic apparatus

There are
good reasons

AMTRON

=%
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Apart from the five items
195 Other indicated on the left, there are
another 195 Kkits to choose from

in the vast AMTRON range of

f b s clectronic kits.
Or uyln A few examples.of

equipment you can construct

electronic kits [t
Power supplics, preamplifiers,

amplifiers, L.F.instruments,
accessories for musical
instruments, amateur and radio
control transmitters and

receivers, battery chargers,
electronic car accessories,
psychedelic lighting equipment,
measuring instruments, tuners,
receivers and 1.C.digital equipment.

Only 1st class fully
guaranteed components are used—
solder being included with
every kit.

Prices range from £1.10 to
£80 and each kit is sold in a
protective blister pack containing
complete instructions.

A unique feature of
AMTRON Kkits is their ease of
construction which appeals to
both dabbler and expert alike.

Please send for brochure.

Should you expericnce any
difficulty in obtaining AMTRON
kits, please contact us direct.
Trade & Educational enquiries
welcome.

allliRop
T EL

AMTRON U.K. 4 & 7 Castle Street,
Hastings, Sussex, England. TN34 3DY.
Telephone: Hastings 2875.

WW—027 FOR FURTHER DETAILS
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What is TELEFI?

Telefi brings you for the first time real Hi-Fi results from your existing
625 line television

T.V. Studios transmit superb quality but skimping in the sound
section of the recevier means low-fi sound.

Celestion Telefi changes all this — simply coupied to most T.V.
receivers — the first T.V: music you hear through Telefi will convince
you the dramatic improvement is what you have been waiting for.

Telefi a remarkable innovation exclusive to Celestion for use in

Celestiorm

Wireless World, May 1973

canjunction with Hi-Fi and Audio systems for providing high quality
television sound reproduction. No direct connection to the T.V. is
required, the coupling being effected by an inductive pick-up.

Telefi is complete in a handsome natural teak veneered case 73" x
53" x 2% approx.

“The Telefi is a very worth while device and will give greater overall
enjoyment than the T.V. manufacturers normally provide.” John Gilbert
‘The Gramophone’.

Also send for details of the complete range of Celestion Loudspeakers

ROLA CELESTION LTD.

DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK 1P3 8JP

g

WW-—028 FOR FURTHER DETAILS
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PROBUCTION TESTING

POWER UNITS

NOW AVAILABLE WITH3
VARIABLE OUTPUTS

DEVELOPMENT

SERVICING

EDUCATION

Input 200-250V 50Hz
or 100-120V. 60Hz to order
Output 1:0-30V. 25A. D.C.
Output 2:0-70V. 10a. A.C.
Output 3:0-250V. 4A. A.C.

Type VRU/30/25 — £158.80 Ié

Other units are also available
with outputs of:
0-60V 12A.
0-120V 6A.
0-240V 3A.

ALL CONTINUQUSLY
VARIABLE

SEND FOR FURTHER DETAILS
OF THESE VERSATILE UNITS TO

...
va,l’lu.dl.o LIMITED, BROWELLSLANE.

FELTHAM,TW13 7EN, MIDDLESEX.
TELEPHONE 01890 4242

WW-—029 FOR FURTHER DETAILS

noMmbrex

MODEL 42
R.F. SIGNAL GENERATOR
Price £16.75

FROM APRIL 15t PLEASE ADD 10% ONTO PRICE FDRVALT.
Wide Range 150 KHz-300 MHz.
Accuracy 2%
R.F. Output 50 millivoits minimum
A.F. Output approximately 1 volit at 800 Hz
Fully transistorised circuitry
Powered by 9V battery
Provision for external supply
Trade and Export enquiries welcome
Send for full technical leafiets
Post and Packing 35p extra per unit

NOMBREX (1969) LTD., EXMOUTH, DEVON.
Tel: 03-952 3515

WW-—030 FOR FURTHER DETAILS
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Mastatic
System you
wouldn't knor

you were in a
 difficuit

reception area

The ‘Mastatic’ whip-type TheMastatic (AM)|
vertical rod aerial is made to be “ comesinthree |

fixed high above electrical ;:)onf(;lgu:ell\t;m;sg: ‘
interference. roduct iNo.

When it’s used with the gg?gc}tlltolrésﬁTotal
‘Antistatic’ system it returns Complete with
superb performance in difficult || chimney lashing kit.|
reception areas. Product No. 79a

The ‘Antistatic’ (AM) has a 3 sections. Total
frequency range covering all height 18 ft.
popular broadcast and short Complete with wall
wave bands. It consists of a MOUNAREISTCkELS,
weatherproofed aerial ;lz) ;ggtlilgxtlsN 91:(;7&11)
transformer connected by 60 ft. || hejght 12 ft.
of screened downlead to a | Complete with 2in.
compact receiver transformer. mast attachment

Product No. 80| ;bracketrs._/ll.
(I

when ordering.‘
|

-

) I
SN | For full information please
e __ |contact your local Aerialite |
3 === | Distribution Depot or write to: |

Aerialite AerialsLtd

Radnor Park Trading Estate, West Heath, Congleton, l

Cheshire CW124PX. Telephone: Congleton 3892/8
Telegrams: Aeriatheat, Congleton. Telex: 669640.

WW—031 FOR FURTHER DETAILS
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NEW

¢

.I_J HiS ‘ ca

M2B

FEECTRONIC VOETMETER

The M2B based on our well tried M2A has been completely
redesigned mechanically with a vertical construction that takes
only 5”x5” of bench space. The carrying handle sits neatly on
top of the instrument or may be used as a rest when operated in
a sloping position. The A.C. frequency range is now 10 Hz to
1 MHz with amplifier output having a maximum gain of 600
times. A feedback circuit linearises the scales and readings start
at 60 microvolts. Input impedance on A.C. and D.C. is 10
Megohms.

12AC.RANGES
10Hz to1MHz
1.2mV FSD to 400V
~70dBm to+54dBm.
SDC.RANGES
120mV FSD to 400V,

FOR

{+ V.AT.
where applicable).

Further details about the new Linstead voltmeter available

upon request.
V12774

means agood deal
in electronics

Linstead Electronics, Roslyn Works, Roslyn Road,
London N15 5B 'felephone: 01-802 5144

WW—032 FOR FURTHER DETAILS
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EC958

series of receivers
10kHz to 3S0MHz
in world-wide use

Professional high-stability receiver series for a
wide variety of applications. The standard
version can be used as a self-contained F.S.K.
terminal. or as a dual-diversity terminal with
common oscillator control. Variants are
available for Lincompex terminal use. for
specialized network monitoring surveillance
and for marine applications.

Simplicity Reliability
Economy

Your distributor’'s address and illustrated
brochure obtainable from:

Eddystone Radio Limited

Alvechurch Road, Birmingham B31 3PP
Telephone: 021-475 2231. Telex: 337081

A member of Marconi Communication Systems Limited
LTD/ED99

WW—033 FOR FURTHER DETAILS
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400 420
CYCLES®

resonant
reed
FREQUENGY L[t

used as standards in many industries

@ Accurateto +0.3% or +0.1% as FRAHM Resonant Reed

specified Frequency Meters are available
in plastic and hermetically
sealed cases to British and
U.S. Government approved
@ Unaffected by waveform errors, load,  specification. Ranges

power factor or phase shift 10-1700 Hz. Literature on

. ) these meters and Frahm

@ Operational on A.C., pulsating or Resonant Reed Tachometers

interrupted D.C., and superimposed available on request.

Circuits Manufacture and Distribution

@ Need only low input power of Efectrical Measuring )
Instruments and Electronic

Equipment. The largest stocks
in the U.K. for off-the-shelf delivery.

ANDERS ELECTROMICS LIMITED

48/56 Bayham Place, Bayham Street,
Anders means meters  London NW1. Tel: 01-387 9092

WW—034 FOR FURTHER DETAILS

Bench size
ultrasonic
cleaners from
American
Beauty

For example suitable for electronic components and assemblies,
intricate glassware, camera parts, lenses and other optical items.

@ Not sensitive to voltage or temperature
changes, within wide limits

& Compact and self-contained
# Rugged and dependable

Five new Ultrasonic cleaners
which will clean items and
assemblies that cannot be
cleaned any other way. Cleans in
minutes without scrubbing. rubbing or
disassembly.

Cleans by means of high frequency sound waves — 50-55,000 cycles per
second. Solid state circuitry. Completely self contained — NO

EXTERNAL GENERATOR required. Portable — the smallest is a 5" cube.
Largest capacity is 1 galton {US). Virtually indestructible transducer.

Long life — low cost.

Catalogue of cleaners, accessories and prices from:
Special Products Distributors Ltd., 81 Piccadilly. London W1V OHL
Telephone: 01-629 9556.

WW—035 FOR FURTHER DETAILS
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NOW you can cut your
production costs without

compromising quaility.

Before you put your name on a stereo
system, radiogram or other audio equipment,
you must know that both the quality and the
price are right. Mackar! can help.

With three Far East factories in volume
production, and a fourth rapidly nearing
completion, Mackarl is already able to deliver
20 different tuners, printed-circuit assemblies,
amplifiers, cartridge players and other chassis

to UK OEMs. Through Mackarl's new London
office, you can discuss your requirements with
European technical and marketing people with
decades of high-level experience in British
consumer electronics. Mackarl can provide you
with bits and pieces, or complete ready-to-sell
units with your own label, or almost anything

in between.

Ask Miss Sharpe at Mackarl, today.
MACKARL ELECTRONICS (LONDON) LTD
94-98 Petty France, London SW1H 9EA
Telephone: 01-222 2527

WW—036 FOR FURTHER DETAILS
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Junc!lon Box

s "of a complate packaging sy3tém. i -
® 80 standard sizas avsilabie from stock,
® Made from presision extruskons vrith -integral

board guide slcts.

@ Finned sides improve appearance and radiate heat. Ins!rumen! Case
® Parallel sides for ease of component mounting.

Subsidiaries and Agents

throughout the World.
umiﬂlum Vero Electronics Limited

Industrial Estate, Chandler's Ford,

Eastleigh, Hants. SO5 3ZR

Enclﬂsu W Tel: Chandler's Ford 2952
Telex: 47551

WW—037 FOR FURTHER DETAILS

DIOTESTOR IN-CIRCUIT TRANSISTOR TESTER

USED THROUGHOUT THE WORLD. SANWA'S
EXPERIENCE OF 30 YEARS ENSURES ACCURACY,
RELIABILITY. VERSATILITY. UNSURPASSED TESTER
PERFORMANCE COMES WITH EVERY SANWA

6 Months’ Guarantee Excellent Repair Service
Model P-2-8 £6.35 Modsl AT-45 £20.50
Modet JP-5D £7.62 Model 380-CE £20.81
Model 360-YTR £10.77 Meodet N-101 £24.20

Model U-50DX £10.89 Meodel 460-ED £28.31
Model A-303TRD £14.33 Model EM-700 £655.62

MODEL Model K-30THD £€16.38 Model R 1000CB £71.69
Model F-80TRD  £17.84 THESE PRICES ARE SUBJECT
U-5GDX TO AN ADDITIONAL CHARGE OF 10% FOR V.AT.

Cases extre, available for most meters, but not sold separately.
Please write for il usmned leaflet of these and other speclallsed Sanwa meters
SOLE IMPORTERS IN

QIIAI-I'I'Y ELECTRONICS LYD.

BRITEC LIMITED, 17 Devenshire Road. London SE23 3EN

Tel: (:1-599 8844 Telex: 896161 | 4765 HIGH STREET, KINGSTON-UPON-IHAMES, SURREY. KT11LP
i ) ' Tel:01-546 4585 ;
WW—038 FOR FURTHER DETALLS _____WW-—039 FOR FURTHER DETAILS
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YME QUEEN'S AWARD
TO INDUSTRY
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RECORDING
OSCILLOSCOPES

[mede.lec

RDER

Medelec Fibre Optic Oscilloscopes are top
quality general purpose units for industry or
research. They are based on the well proven
techniques developed by Medelec in the
exacting field of medical instrumentation.
@HIGH QUALITY, LOW COST
RECORDING
#SIMULTANEOUS RECORDING &
VIEWING
®SINGLE FRAME OR CONTINUOUS
RECORDS FROM A BUILT-IN CAMERA
You will want to know more about the
Medelec FOR-4 Fibre Optic Oscilloscopes—
please contact us for detailed information or
a personal demonstration.

Medelec Limited Woking Surrey

Tel: Woking (048 62) 70331
Telegrams: Medelec Woking /

WW-—041 FOR FURTHER DETAILS
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BULGIN
38 New Products

to be seen on

Stand No: 209

TWO HOLE
PANEL FIXING

By,

EARTH PIN MATES FIRST
DEMATES LAST

SOLDER TAG
CONNECTIONS

GLOSSY BLACK PHENOLIC CABLE SLEEVE
MOULDINGS SUPPLIED

P.580-581-585, pane! plug with
various sockets to CEE.22 spec.

=

F.396. extra-safe panel fuse-holder,
5 X 20mm fuses up to 6.3A.

S.800, re-designed miniature micro-
switch 5A. 250V, rating.

e

DF.827. illuminated panel fuse-
holder, 5 X 20mm fuses up to 6.3A. &

=

D.973-976, P.0. approved signal
lamps. LES or $.6/8 bulbs.

F.326-340, five base mounting
fuseholders 1" or 11" fuses.

g

[ D.926-7, matching signal lamp to
Y our 5 X 20mm panel fuseholders.

SM.910-920, economy SPMB and

SPCO switchies up to 3A. rating. K.680-581, two skirted knobs for

concentric shaft uses.

DSM.940-942, illuminated push
switches, various button styles.

SM.801-2. 14 push switches,
choice of styles & action.

CUSTOMERS CAN ALWAYS RELY ON
“THE HOUSE OF BULGIN" FOR SERVICE,
QUICK DESPATCH & GUARANTEED SUPPLIES

TECHNICAL LITERATURE AVAILABLE ON REQUEST. QUOTE: WW/2/73.

A. E BULGIN & CO. LTD.

ELECTRONIC COMPONENT MANUFACTURERS

BYE-PASS ROAD  BARKING ESSEX 1611 0AZ
TEL: 01 594 5588 (12 lines) PBX. TELEX : 897255

WW—042 FOR FURTHER DETAILS
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Next time you need instrument cases, cabinets or
consoles, made in wood talk it over with Whiteley. It
could be a very profitable discussion for you. Our new
woodworking plant is ready with the most up-to-date
machinery, to provide speed and quality in volume
production. We can wurk from your drawings, or design
to meet your needs. Tell us the problem. Our specialist
experience spans acoustics, heat dispersal and many
other problems met in instrument packaging—and it's
all at your service.

We can produce cases and cabinets of all kinds, acoustic
hoods, desk consoles, wall boards, loudspeaker enclo-
sures etc., in veneers to any specification, polished or
lacquered, and finishes in cellulose or melamine. We
can assemble the electronics in the case if you so desire.
In fact, we can provide as many facilities as you neec,
from instrument design to sheet metal work and plastics
moulding. Many of the big names in industry cure their
production headaches by calling in Whiteley. When can
we meet you’?

Whiteley

versatility...

STAND 405
ELECTRONIC & ELECTRICAL DESIGN

_LLEC. OLYMPIA

PRODUCTION CAPABILITY
CABINET MAKING

SHEET METAL FORMING/FINISHING

PLASTICS MOULDING
ENCAPSULATION

WHITELEY ELECTRICAL RADIO CO. LTD.

Mansfield, Notts, England. Tel. Mansfield 24762

London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074
WW—043 FOR FURTHER DETAILS
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IMO. PRECISION

CONTROLS LTD.

313 EDGWARE ROAD, LONDON W2 3BR.

telephone: 01 723 2231 Cab

telephone : 01

le : Omrontrols London.
723 2231 telex 28514

TIMERS
SWITCHES
TRANSFORMERS
VOLTAGE CONTROLS

FOR IMMEDIATE DELIVERY

a33

NOW AVAILABLE THE

> FROM STOCK

VARIABLE TRANSFORMERS

o FAMOUS “SLIDUP” &

“'SLIDTRANS"’ MODELS
1amp £7.00C. & P.37p

. =27  25amp £8.05 57p
= Z'  sampfii.is §7p
= =, 10 amp £22.50 75p

g 12 amp £23.60 75p

20 amp £49.00 95p

""OFF THE SHELF"" delivery of all types.
*Fully shrouded. *Bench Mounting.
*Panel Mounting. *Low Price.

*Input 240VAC. Output: 0-260VAC.

PANEL MOUNTING “'SYS"
SYNCHRONOUS TIMER

OMRON brand Syn-
chronous Motor driven
timer  with single
instantaneous  and

ELECTRONIC PLUG-IN SWITCH
FOR LIQUID LEVEL & ICE
BANK CONTROLS "“61FGP*
Electronic switch senses a
‘_w cthange in resistance using
- Stainless Steel probe assem-
bles or other conductive
probes.
Proven use in sewage. water
beer, milk ice in vending,
effluent, boilers and other industries.
£5.85 for ""one off”” £3.50 in quantity.

STAINLESS STEEL PROBE
ASSEMBLY "'PS31"

Length 1 metre, for use on ditferential and alarm
control of conductive liquids with “‘61FGP*" (illus-
trated above).

£1.60 ““one off”” £1 in quantity.

s N

two timed change-
over contacts,
MINIMUM guaran-
teed electrical
and mechanical
10,000,000  opera-
tions.

*Stocked in 110VAC 240VAC up to twenty eight
hours time range; 1% repeat accuracy.
£14.90 “‘one off"” £10 in quantity.

ELECTRONIC RECYCLING
TIMER FOR CONTINUOUS
ON/OFF OPERATION “TDA"

Electronic twin timer for con-
tinous recycling operations.
On/Off time control, 0-6secs
with 2% repeat accuracy
setting 0-Esec with transfer|
switch X10.

PNEUMATIC OMRON TIMER UP
TO 200 SECS DELAY—""ATS"’

- . Easily adjustable from delay on
3 energise to delay on de-energise.
The OMRON ATS works on an
air damped principle and can be
adjusted between 0.200 secs
with screwdriver adjustment. A
precision snap action switch
provides a 6A contact and
minimum 1,000,000 ops life.
""One off”” £8.10. In quantity

Stock ranga 110/240 VAC up to 28 hrs £12.50

AT LAST! +

Up to 72 mins £7.90 "“one off'* and £4 in quant

WORLD'S SMALLEST SYNCHRONOUS
MOTOR PLUG-IN TIMER STPNH

3% REPEAT ACCURACY IN A
MINIATURE PLUG-IN TIMER UP TO 28HRS.

Only OMRON could provide a timer of such unrivalled superiority over
all its competitors, anywhere in the world.

The STPNH is a synchronous motor driven timer with automatic reset
function. Both instantaneous and time limit contacts are fitted and the
timer is mounted on an international 8 pin octal base.

Time ranges start 0.6 secs and finish 0-28hrs with operating voltage
at 110VAC or 240VAC.

ity. Long time ranges around £8.

PFQ3 SUBMINIA-[1SATA  SUBMINIA-
TURE PUSHBUTTON|TURE TOGGLE MIiC-
SWITCH. ROSWITCH.
“"Push to 3
make’* switch| CSA approved
fs with black toggle switch
[ button 3 amps A ;it;vd 53: eij
m @ 40VAC in small uan-.
15p each per iti 4
1000. tities.

OMRON LIMIT SWITCHES

a e

Dual voltage 110,240VAC £28.60
but down to £18 each in quantity.

PANEL MOUNTING ‘“NSY‘
SYNCHRONOUS TIMER

’New Square Dial”’
The OMROM timer type NSY
features the modern “"DIN"’
type square fixed dial. This
attractive package has two

Full range available with 15amp switching capacity.

Approved by CSA Authorities & guaranteed for
twelve months.

Interchangeable with other British and Continental
manufacturers typical price is around £3.50 for
the coil spring type.

time limit changeover con-
tacts.

“‘one off"" to £8 in quantity

£5 for T10V/240VAC types.

LOW COST PANEL MOUNTING
MINIATURE TIMER—"'STPYMH"’

Plug-in for  panel
mounting. Synchronous
Motor driven with auto-
reset facility. Instantaneous

timer

and time fimit contacts
rated at 5A. This timer
has fixed and moving
pointers.

£8.40 ““one off’”" £5 in
quantity.

HIGH ACCURACY SOLID STATE
PLUG-IN TIMER—""TDS"’

Genuine 1% repeat accuracy
with solid timing.

Life 50 million operatians
minimum, instantaneous &
time limit contacts,

Full time scales 0-1sec:

0-2sec, 0-5sec, 0-10sec;
0-30sec; 0-60sec;
0-180sec.

Dual Voltage 110/240VAC £18.50 to £13 each.

EXCLUSIVE SOCKETS FOR
OMRON TIMERS & FLOATLESS
SWITCHES

*Approvals fram: CSA; MIL; UL; SEVC; SAA;

OMRON MICROSWITCHES

*Interchangeable with all
& Continental Manufacturers

DEMKO ETC

British|

VOLTAGE STABILISER

Famous 1.M.0. Constant
Voltage Stabiliser still
only £12.50 each.
FEATURES:

*200 watt rating

*Input 240VAC +20%

=+ Output 240VAC+1%.

SOLID STATE VOLTAGE
CONTROLS 5AMP & 10AMP
MODELS

Full solid state
control over AC
voltages.

Input of 230VAC
variable on output
to 25-230VAC.
Miniature and
lightweight ~ with
finned aluminium
housing these units
can truly replace
wirewound trans-
formers.

VPOSC (SAMP) £9.90 ““one off*" £6 in quantity.
VPIOC (10AMP) £16.90 ““one off*" £10 in quantity

PHOTOELECTRIC SWITCHES

=
%

Reflective and  ““slot” type
photoelectric  switches.  Will
sense any material passing the
light beam wup to 3mm and
provide an output signal of
02AMPS at 240VAC. Reflective

distance up to 25mm on reflec-

\I?IRUURD;( DZI?\EEE tive surfaces, far longer with
SUPPLY. external light.

PRIOOR {Reflective) £7.50 **one off"* £4in quantity.
PRIOOC (slot) £7.50 “‘one off"" £4 in quantity.

VIC WITH AMP TERMINALS
Single Pole Changeover 15amp
switch 0.F. 400gm R.F. 114gm
M.D.0. 4mm. £1% per 100; £150
per 100; £700 per 5000.
VV-15-1A WITH SOLDER TERMS.
Single Pole Changeover 15amp
Switch O0.F. 230ym. R.F. 50gm.
M.D. Tmm. £19 per 100; £150 per
1000; £650 per 5000.

SIA SUBMINIATURE SWITCH
Cheaper than all its competitors.
Single pole changeaver S5amp switch
0.F. 200gm. R.F. 40gm. M.D. 0.1mm.
£23 per 100; £180 per 1000;
£850 per 5000.

SIAL WITH LEAF SPRING
Subminiature 5amp microswitch
of 56-180gm R.F. 14gm M.F.

AT LAST OMRON FRONT
CONNECTION SOCKETS—
NOW SUPPLIED FROM STOCK

These new miniature sockets
with screw terminal connec-
tions are only available
through 1.M.0. or authorised
stockists. Moulding is UL
approved and OMRON ““know
how'” brings al! the advanced
features of a modern product.
PF083 (8 pin) 44p each 1000
fots.

PF113 (11 pin) 58p each 1000
lots.

New range of open, enclosed
and plug in relays

mrelays

Approved by C.S.A., V.D.E. and
S.EV.

Very competitive and

delivery from stock.

prices

Bl

TECHNICAL LITERATURE

Full literature is available on all the products
illustrated here. Please telephone our sales office
on 01-723 2231.

0.8mm. £27 per 100; £220 per|
1000: £10C0 per 5000.

SIAL 2 WITH ROLLERACTUATOR
Subminiature Samp microswitch.
0.F. 56-180gms R.F. 14gms. M.D.
0.8mm. £33 per 100; £270 perf
1000; £1250 per 5900.

CCR-5 LOW TORQUE SWITCH
Low cost microswitch for coinf
operated or air vane applications.
0.7. 10gm. R.T. 13gm. M.D. 15°.
£31 per 100: £130 per 1000:

Screw terminals, with
clips to hold the timer
or switch firmly in
3 place where mounted.
> Type 8PF for STPNH. TDS, DTS
Type 8PFI for 61FGP & TDA

75p “one off”" and 50p each in quantity.

£800 per 5000.

ALL THE PRODUCTS ILLUSTRATED HERE ARE ALSO AVAILABLE

FROM THE FOLLOWING I.M.0,

FRANCHISED DISTRIBUTORS.

BIRMINGHAM H.T. Electrical Ltd tel: 0384 78136
BLACKBURN Wilson Automation Ltd tel: 0254 59921

BRISTOL Techniservices Ltd tel: 0272 30701
LEICESTER B.P.X. Ltd tel: 0533 64281

LEEDS Scattergood & Johnson Ltd tel: 0532 30203

LONDON (STH.) D.T.V. Group Ltd tel: 01 670 6166
LONDON (NTH.) J. N. Wade Ltd. tel: 01 458 3311
NEWCASTLE Gledson & Co Ltd tel: 0632 860955
SHEFFIELD John Riley & Son Ltd tel : 0742 49851

SLOUGH Blore Barton Ltd tel: Burnham (Bucks) 5524

VAQ4 PUSHBUTTON MICRO-

SWITCH.

15amp Microswitch with push-
n*‘q button actuator low operating
B 4 force and buttons in various|

colours. £49 per 100: £360 per
1000: £1750 per 5000.

1.M.0. TERMS OF TRADING

CASH WITH ORDER UNLESS A

BEEN ESTABLISHED. TELEPHONE:

NETT MONTHLY ACCOUNT HAS
01-723 2231.

WW 044 FOR FURTHER DETAILS
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Erie and Toshiba-
an active components
X partnership .

Take Erie

A leading supplier of passive components
now even more active with thick film
hybrids.

Custom-designed, pre-packaged assemblies
containing complete circuit functions.
Miniature special law Cermet potentiometer,
high voltage potentiometers and high power
resistor assemblies. Produced at speed to
exact specifications at competitive prices.

Take Toshiba

A world leader in power transistors — now
with an even more impressive line-up of
active components.

Giant Transistors up to 300 watts and 600
volts, high voltage devices up to 2200 volts.
New L.E.D.’s for panel circuit indicators -
advanced new devices featuring low drive
power, high brightness visible red light
emission, fast response time and a really
compact package. Voltage regulators.
Power thyristors and Trigger Diodes.

And behind Toshiba. Erie service: the most
comprehensive, and certainly the most
readily available, applications experience
in the business.

ma ERIE ELECTRONICS LTD.
South Denes, Great Yarmouth, Norfolk.
Telephone: 0493 56122. Telex: 97421.

WW—045 FOR FURTHER DETAILS
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EMI Colorline CATV

The multi-channel VHF system with 40-270 MHz bandwidth,
lower distortion - Increased Cascadeability

EMI Colorline Mark 1l Push-Pull CATV equipment offers full channel capacity,
lower distortion and greater system reach. é'\r:'eember offtge )
The push-pull amplifiers and their associated passive units have a band-width ,mem;?igﬂao, ,e:dr:;f’sames
of 40-270 MHz and are designed for systems distributing up to twenty channels, Electronics, Records,
where single octave operation is not acceptable. and Entertainment

VHF bands, 1,11, and 111 and areas of the VHF spectrum outside the normal
broadcast bands can be used. " "
Mark Il Colorline permits the planning and installation of networks having extremely EMI T I t

low cross-modulation, intermodulation and harmonic distortion. Allamplifiers have e ecommunlca Ions
full AC line power facilities. Telecommunications Group,
Amplifier/power units are readily interchangeable without disturbing cable con- EM! Sound & Vision Equipment Limited,

nections and are also mechanically compatible with EM! Mark | amplifiers. If 252 Blyth Road, Hayes, Middlesex, England.
you're planning a CATV system, you should know more about Colorline. Contact  1elephone: 01-573 3888 Telex 22417

EMI today. Cables: EMISOUND LONDON

WW—046 FOR FURTHER DETAILS
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NEW PRODUCTS FROM COLE ELECTRONICS LTD.

CIRELLT CORPORATION

" oen Y00

A. P. CIRCUIT NOTCH FILTER

A new range of active notch filter modules for printed cicuit board mounting. The 7-pin
plug-in modules are available in a wide number of notch frequencies spanning the audio range
within sharply defined limits. They eliminate line carrier and unwanted noise without
distorting desirable frequencies.

COLE ELECTRONICS LTD.

ELMI EVENT RECORDER

The Event Recorder ZTTK-10101 is a high-speed etectric pulse recording instrument for
simuitaneous monitoring of up to 30 channels of on/off. go/no-go and other two-state data
against time. The recorder produces a chart record of sequence, duration and time
relationship of events occurring in the different channels

COLE ELECTRONICS LTD.

WW—109 FOR FURTHER DETAILS
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HARTMANN
CODE SWITCHES

These switches have separate push-
buttons for forward or backward
setting and large easily legible
numerals which remain fully visible
during setting. The positive mech
anism ensures that mid-positions
and consequently falsely coded
read-outs cannot OcCcCur.

Available in 3 Figure
Sizes Front View Height
MHE (as Photo} 44 x 12mm 7.3mm
MICO 32 x 11mm 7.3mm
SMC 24 x 7.6mm 5.0mm

COLE ELECTRONICS LTD.

S ¥ |

RAF 1 CONTACTLESS SWITCHES

LATEST DESIGN USES HALL EFFECT INTEGRATED CIRCUIT. OPERATING ON 4.5V — 30V
D.C.. MAKING IT SUITABLE FOR MATCHING ALL TYPES OF LOGIC CIRCUITRY

RAF. 1 ARE ABLE YO SUPPLY ALL TYPES OF COMPLETE KEYBOARDS WITH ANY
ESTABLISHED CODE STRUCTURE.

COLE ELECTRONICS LTD.

CHURCH ROAD, CROYDON CRO 1SG
TEL: 01-686 7581 TELEX: 262346

WW—111 FOR FURTHER DETAILS
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F M TU N E R NELSON-JONES

Approved parts for this outstanding design (W.W. April 1971/2).
Featurlng 0:75 1V sensitivity. Mosfet front end.

Ceramic L.F. strlp. Tripie gang tuning, ;V r.m.s.

output level, suitable for phase locked decoder,

as below. Desligner’'s own P.C.B.

THOUSANDS
NOW IN USE

FURTHER PRICE REDUCTIONS
Basic Tuner Parts with Screening Box.
NOW LESS THAN £11°50. Piease send S.A.E. lists.

NEW ALIGNMENT SERVICE
Details on request.

SOLID STATE TUNING INDICATOR

(W.W. Aprii '72). Tuning is indicated by the balance of two light emitting diodes. The kit
includes, LED's, high gain transistors, P.C.B., resistors, mounting kit and instruction booklet.
Order T041. Price £1-72 pius P. & P. 10p. with two LED’s (or £1-98 with extra LED for "'sterec”
lamp-see decoder}.

DIAL CHASSIS KIT

Now availabie—includes all dial drive components, dial plate, decoder mounting bracket:
tuning scales, decoder-tuner tagstrips, etc., 4-way 2/3 pole rotary switch and instruction booklet.
Price £2-15 plus P. & P. 17p (Note: may be purchased without dial drive components.)

PHASE-LOCKED STEREO DECODER KIT

Now with free LED “'stereo on'' light—complementing this superb decoder (W.W. Sept. '70).
Suilable for wide varlety of tuners Iincluding the NELSON-JONES TUNER.

Complete kit ONLY £7-68. P. & P, 16p.
NEW IC Stabilised PSU. S/C, overload protected, low ripple. £3-55. P. & P. 19p.

LIGHT EMITTING DIODES (Red)

Improved efficiency type, mech. identical to HP LED, panel or PCB mounting with
free mounting clip—clear or black—please state. Order LED1A. Please add postage.

e PCB ting with radial leads.
Order LED2. Please add postage.
NOW ONLY 35p each with connection dsta.

TEXAN AMP.

Piease enquire about delivery.

AERIALS—3 ELEMENT VHF/FM (Outdoor)
A good aerial is essential for optimum Slereo Radio reception.

ONLY £260. P. & P, 40p.
Coax 5p/metre. (Masts and Fixing kits avaliabie).

INTEGREX LIMITED, P.O. Box 45, Derby, DE1 1TTW

7 SEGMENT LED Displays.

Lowest cost.

0-325" characters. Continuous segments

(not dotted) 0 0
GaP high efficiency Red Light Emission
TTL compatible. 0 0

Common anode and common cathode

. 0 0
types available.
LOW COST 0 0
Prices: )
Common anode type £2-46 each 0 o
£1-97 25+
Common cathode £2-33 each
£1-83 25+
% dig. common anode £2-33 each

7447 decoder driver (for C.A.) £1-30 each
All devices available from stock.

V.A.T.

FROM APRIL 1st ADD V.A.T. AT 10%
TO ALL PRICES

SPECIAL OFFER

4 function 8 digit display calculator with CONSTANT
KEY, fixed or FLOATING DECIMAL, clear last entry key.

Complete with BUILT IN RECHARGEABLE CELLS,
mains charging unit, AND carrying case. Fuli 12 months
guarantee.

ONLY £45'00 p. & p. 50p.
Phone Repton (028389) 3580

www.americanradiohistorv. com
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NOT ALL THE BEST THINGS
IN LIFE ARE FREE

And that most certainly applies to,the compsehensive range of Rohde
& Schwarz electronic instrumentation. Over 250 instruments including
Frequency Time Standard, Frequency Counters, Automatic Test Systems,
Data Collection and Reduction for Integrated Circuits and R.F. Measure-
ment. TV Transmitter Test Equipment. Component Measuring Equipment,
Synthesizers, Standard and Programmable Systems and a range of general
Laboratory Measuring Equipment, is available. Femember: It's never free,
It's not always cheapest, But it is Rohde & Schwarz. A reply to this
advertisement will secure a current Rohde & Schwarz instrument cata-
logue and specific data on the representaive items shown here.
Telephone enquiries should be directed to our Instrument Marketing
Manager Ext 32.

Transistor and Diode Tester Semitest V from
Rohde & Schwarz for use in service, laboratory
and test department.

- e
,.__._—-::-‘:'"‘._._.” e

o “'—W‘P
pres L o
LA -

r d and
SF for weighted @
Meter T;’:antj: on TV transmission

ith program
Atic Logic Tester Type |i\: with p
AUt\.;)tw\‘/'|a punched cards and tapes.
i Video Noise
unweighted measur
from 40Hz 10 10 MHz.

% o - PR AR FXA50 PASSNL AT s
ot ¢

"X X K.

tor DPVP from Rohde &
nge of 140 dB adjustable
B for frequencies up 1o

Programmable Att‘enua
Schwarz. Attenuation ra
in increments of 0.1 d
1000 MHz.

AVELEY ELECTRIC LTD.

Roebuck Road Tel: 01-397 8771
Chessington, Surrey Telex: Avel London 928479
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Magnetic
shielding

TELCON offers these simple answers

Standard shields

Telcon Metals offer an extensive standard range of
high efficiency Mumetal shields, which fit most
cathode ray, photo multiplier and radar tubes,
together with a selection of boxes and cans for
microphones pick-ups, transistors and transformers.
These are normally supplied stove enamelled in
hammer grey externally and matt black internally.
Other finishes can be supplied by arrangement.

Fabricated shields

Telcon Metals offer complete facilities for fabricating
special shields in Mumetal and composite shields in
Mumetal/Radiometal to customers’ individual re-
quirements. All Telcon shields are made to close
tolerances and have excellent finish and appearance.
For the highest efficiency and extra close fitting
tolerances, the ‘Telform’ technique is recommended.
These shields can be produced in complex shapes
with a minimum of welded seams and very close
uniformity throughout batches. A comprehensive

design/advice service is available to assist all customers.

'Telshield’ wrap around foil

‘Telshield’ is an easy to use, ferromagnetic shielding
foil, which can be cut with scissors, wound into
cylinders, cones, etc., and fixed with adhesive tape,
clips or spot welds, to provide a permanent efficient
shield. It is economical to use, especially for
research, development and short-run applications
which do not merit the tooling involved in the
production of fully fabricated shields. ‘Telshield’

is supplied'in a standard thickness of 0-05 mm. in
widths of 150, 50 and 25 mm in convenient packs
costing approximately £5, Other thicknesses and
widths are available by arrangement.

Telcon Metals Ltd

Manor Royal, Crawley, Sussex
= Crawley: 28800

WW—048 FOR FURTHER DETAILS
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THERMOCOUPLE
POTENTIOMETER

TYPE P4/E
FOR

TEMPERATURE MEASUREMENT
RECORDER CALIBRATION

WITH
ELECTRONIC
NULL
DETECTOR

EX-STOCK

This is a robust portable instrument suitable for
temperature measurement with all thermocouples

and for calibrating the indicating instruments that
are used with thermocouples.

Two ranges are provided: 0-105mV for use with
base metal couples, and 0-21 mV for precious
metal couples.

An auxiliary potential divider included provides
an adjustable potential which can be injected into
external instruments for calibration purposes.

CROYDON PRECISION

INSTRUMENT CO.

HAMPTON ROAD, CROYDON
CR9 2RU
Telephone: 01-684 4025 and 4094

WW—049 FOR FURTHER DETAILS
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:

L

< INTERFACE 73

is aTexas
Instruments Technical
Seminar

L

Enough said ! So note the dates in your diary
Tuesday June 12th, Wednesday June 13th,
Thursday June 14th. Send this coupon now for
the full INTERFACE 73 story and invitation. . .
... To Texas Instruments Ltd., Seminar Centre
MS21, Manton Lane Bedford MK41 7PA

TEXAS INSTRUMENTS ~
r T T

Name

Company
Full Address

1
I

{0

WW—050 FOR FURTHER DETAILS
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Would you spend
an houraday

to earn more money
in Electronics-
Television-Radio?

If you’re willing to give up one hour or more a day
we can help you get into the lucrative growth industries of
electronics, television, radio.

And if you’re already in, we can help you get on!

With our know-how and our wide experience in teach-
ing, plus your determination to study, we can turn your
interest into the technical knowledge you need for success.
Once you’ve got the qualifications you need, you’ll be in a
good position to take full advantage of the opportunities
which exist today in all fields of electronics - in television
(colour and black/white) and in radio. (We teach you the
theory and practice of valve and transistor portable cir-
cuits while you build your own § valve receiver, transistor
portable and high grade test instruments).

With ICS you study at home - at your own pace, when
you choose, in the time you’ve got available. Your ICS
tutors will give you all the help and encouragement you
need to pass any exams you want to take.

Don’t waste another day. Take your first step now
towards a better paid, more assured future. Send for your
FREE Careers Guide today.

your key to the door
of opportunity

Tick or state subject of interest and post to:
International Correspondence Schools, Dept. 234 H-
Intertext House, Stewarts Road, London SWS8 4U]J.

Subject of interest

l:] Society of Engineers Graduateship (Electrical Engineering)
[] C & G Telecommunications Technicians Certificates

[[] C & G Electrical Installation Work

[[] C& G Certificate in Technical Communication Techniques
l:] MPT General Certificate in Radio Telegraphy

l:] Audio, Radio & TV Engineering & Servicing

|

i

f

|

|

|

|

|

| ace s T R e
I [ ] Electronic Engineering, Maintenance, Engineering
|

|

|

|

|

|

|

|

|

systems, Instrumentation & Control systems
D Computer Engineering and Technology
D Electrical Engineering, Installations, Contracting, Appliances
(] Self-build radio courses

Occupation Age

" mAccredited by the Council for the Accreditation of Correqundence Collegesa mill

www.americanradiohistornv.com
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Put FleldTech on your panel

Pdnel mountnng indlicator lights sthches and knobos

WW/5, 73|

Now from FieldTech. A whole Minomushi clip and binding posts. send you all the information you
range of panel components All at really competitive prices. need to play the panel game
designed to cover every design Precision engineered knobs of all successfully.
situation. There is a wide selection kinds, ranging through dimmer I_TO_FI';,;Te_me:d_LOEOEEﬂ
of indicator lights including controls and skirted knobs and dials | (Heathrow), Hounslow, TW6 1BR I
incandescent and neon types, as to servo clamps and locking dials. Telephone: 01-759 2811
well as Minilamps — the brightest Put FieldTech on your panel of | NAME |
idea yet in low voltage indicator experts, and you’'ll get components | ADDRESS - I
lamps. Switches by the hundred, that are right for availability, right
including toggle, push button, for quality and right for price. | |
see-saw and slide types. As well as Complete the coupon and we’ll |

|

Flaltﬂ'ach Led Q |

WW—051 FOR FURTHER DETAILS

Choose your signal

Q{b
\§\\\

O
N\

SOUT CG

ive me a really good oscillator

N
N

y 7 t a budget price...

Z | want the best low-distortion e
%

_ wide-band performance going...

é T SOuce TV

ot

ro, 9\

The new Brookdeal 472 s your best buy. A sensibly priced
oscillator that still offers outstanding performance in a soundly
engineered instrument. Frequency contro! is linear, having a two
decade sweep on each range, covering 0-1Hz to 1-1MHz with
manual or external programming. The output has compiete
freedom from amplitude bounce and low harmonic distortion
(typically 0-1%). Waveform may be either sine or square
Amplitude is continuously variable from 5Vrms to < 500Vrms,
calibrated to an accuracy of - 1% The second output gives a

It must be the Brookdeai 471 ! Radical new thinking in oscillator
design gives extremely low harmonic distortion (typically
0:05% up to 10kHz) and total freedom from amplitude bounce
Six frequency ranges cover 0-001Hz to 1 -1 MHz, controlied

\\
A HHHIHITRITR

A Immnany

R

\x\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

% manually or by an external voltage Four decade continuous £3.8v for tri

% programming in log mode, two decade in linear. Output is sine //square Ve p plortriggernng etc /

/ or square wave from 3-16Vrms to 1 uVrms, calibrated to an ////////// ///// /////// /////////////////

% accuracy of = 1%. A second output gives 3Vp-—p for triggering

/ etc. Square wave risetime is typically 30ns. Qutput may be

.

é switched on‘or off by a front panel push button. Get the full roo ea

// data — you'll be even more convinced !

,//% / Brookdeal Electronics Ltd., Market Street, Bracknell, Berks.
BT 1aeononcBrackoe) (STD 0344) 23931 Telex 847164,

WW—052 FOR FURTHER DETAILS
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With the new Arrow Adapt-a-Switch . .. you win on
versatility. From only a small number of components
you can make up a remarkable choice of units.
Numinated push-button switches in three lens shapes,
six colours, momentary or alternate action. Non-
illuminated switches in colours or black. Or non-
switching indicators. Easy to order, stock, snap
together You win on wiring, too. The switch action is
added by contact blocks, up to four per switch. No
fidgiting behind the panel. Connect them into your
wiring harness in comfort, then snap them or. Adapt-
a-Switch is a new design coneept for saving fime, and

atl

space, on your control panels. Ask Arrow for the full-
colour folder.

m §i]l| ARROW-HART (EUROPE) LTD.
s PLYMBRIDGE ROAD, ESTOVER,
s/8/M PLYMOUTH PL6 7PN, ENGLAND.

TEL: 0752 701155 Telex: 45340 Cables: ARROWHART PLYMOUTH

Scottish Office
13 MURRAY PLACE, STIRLING FK8 1DQ
Tetephone : 0786 3823

T —
e
e

S e T

Overseas Agents in Arabian Gulf, Belgium, Ceylon, Denmark. East Africa, Eire, Finland, France, Greece, Holland, Hong Kong, India, Israel, Italy, Kuwait,

U. K. Distributors ITT ELECTRONIC SERVICES HARLOW - 027-96 26777 ReENFREWSHIRE -
Johnstore 23457 LEIGH - Leigh 5211/2/3 SUTTON COLDFIELD - 021-355 4511 BRISTOL - 0272 290125

C.E.S.LTD. CROYDON - 01-686 0505
S.A.S$.C.O.LTD. CRAWLEY - 0293 28700 GLASGOW - 041-221 6152/3

COMWAY ELECTRONICS BRACKNELL - 0344 24765

R

e i - i
. 4. G L, o

Federation of Malaysia, Norway, Philippines, Portugal, Singapore, South Africa, Spain, Sweden, Switzerland, Trinidad and Western Germany.

WW-—053 FOR FURTHER DETAILS
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EHPL-

it ta KES over \/\/‘ ere
o
BI |€d\/€S O

While others talk of MTBF, we
introduce a new concept—EHPL,
Estimated Half-Power Life. Our 400W
and 1kW all-solid-state broadband HF
linear amplifiers have over five years of
it, counted in operational hours. Which,
with a remarkably low Mean Time To
Repair, means 99.9% up-time.

The multiple p.a. modules of these
compact units, arranged in parallel for
maximum reliability, ensure that even
in the unlikely event of several
component failures occurring together,
the amplifiers go on working—long
after others have stopped.

Moreover, thanks to Redifon’s unique
Transmit Level Control, they always
deliver to any antenna—even to a
badly damaged one—the maximum
power that is safe, whatever the
mismatch.

All of which means that the pair of
transmitters in the picture represent
the finest and most reliable in the
world for civil and military applications,
whether in fixed, mobile or
containerised staticns. And they are

in production and service, right now.

b
iy Redifon Telecommunications Limited,
R E D I F O N Radio Communications Division,
TELECOMMUNICATIONS LTD Broomhill Road, London SW18 4JQ
1910 Tel: 01 874 7281
'gIIEEmNNARD
TO REDWON UMITED WW—054 FOR FURTHER DETAILS
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)

EXAR
INTEGRATED
SYSTEMS

VARIABLE ONE-SHOT

\V—q—)

LINEAR SWEEP OUTPUT

TIME DELAY GENERATION

|
—\‘

If you're a systems designer stuck with the use of
discrete or electro-mechanical timing devices, you should
investigate Exar’'s new monolithic timing circuits.

The XR-220 and XR-320 generate precise pulses
and delays variable from one microsecond to one hour,
using a single external resistor-capacitor combination to
determine the time, 2RC.

They are excellent for monostable or self-triggering
timing pulse generation, linear sweep generation, and for
pulse-width or pulse-position modulation timing. By com-
bining two or more circuits, you can create an infinite
variety of sequential and delayed timing cycles.

These Exar circuits are the only ones in hermetic
DIP packages, and the only circuits which accept in-
verted or non-inverted inputs, and have outputs which
are inverted or non-inverted, of high or low level.

a43

EXAR’S MONOLITHIC TIMER
SPEAKS OUT.
Y REr .

o i

100 _UP
XR - 220 £ 4.10
XR -~ 220M £ 6.30
XR - 320 £ 2,52

MOM TALK

7/'_ Multiply, Divide and

Square Root

Multiplier. Our MOM has an independent

( Frequency Doubling ) The XR-2208 is a Monolithic Operational

and Translation

four-quadrant multiplier, op amp and high
frequency buffer on one chip that you can tie
together with minimum fuss to perform a host
of analog computations, signal processing
and Phase-Lock Loop applications. By com-
bining the multiplier and buffer functions, the
small signal 3-db bandwidth can be extended
to 8 MHz and the transconductance band-
width to 100 MHz. Current and voltage levels
are internally regulated with good power sup-
ply rejection and excellent temperature sta-
bility. MOM has a =45 V to +16 V supply

range, and in her prime 0° to 70° she's onlys

PART NO: 100 UP
XR-2208M 7.85
XR-2208 5.50
XR~-2308 2.90

EXAR SPEAKS YOUR LANGUAGE

RAGSTRaAG ELECTRONICS LTD.

275-281 King Street - Hammersmith - London W6 9NF - Tel. 01-748 3143/2960 - Telex 24443

WW-—055 FOR FURTHER DETAILS
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Telford

Oscilloscope

cameras

Type A modular system with widest range of
film backs, lenses, viewing systems and adaptors
to meet virtually all requirements.

Plus inexpensive Type P (prices from £50) utilising
coaterless Polaroid ® film and Type C with
economical 35mm film for continuous feed.

®Reg. Trade Mark.

See us on stand 317

Telford PRODUCTS LTD.

More complete details available on request from:

WADSWORTH ROAD PERIVALE GREENFORD MIDDX. ENGLAND Telephone:01:998 1011 Tetex:935524 AZLIZYTF 4memben CoMPANY OF BENTIMA INDUSTRIES LIMITED
WW-—056 FOR FURTHER DETAILS
— b =
—— AUdiO COHHBCtOfS JES AUDIO INSTRUMENTATION

1 Broadcast pattern jackfields, jackcords.
| and jack 0
‘ prugs and Jacks . lllustrated the Si452
Quick disconnect microphone connectors Distortion Measuring Unit
® —Jjow cost distortion

7

s m—
L]

" Amphenol (Tuchel) miniature connectors
measurement down to

with coupling nut
Hirschmann Banana plugs and test probes

XLR compatible in-line attenuators and 01% E30100)

reversers

Low cost slider faders by Ruf Si451 £35.00 1453 £40.00

Future Film Developments Ltd. Comprehensive Millivoltmeter  Low distortion Oscillator

90 Wardour Street, 350u Volts 20 range sine  Square  RIAA
. London W1V 3LE J. E. SUGDEN & CO., LTD. Tel. Cleckheaton (09762) 2501

01- 437 1892/3 CARR STREET, CLECKHEATON, YORKSHIRE.

WW-—057 FOR FURTHER DETAILS WW-—058 FOR FURTHER DETAILS

for the professional

contact Derek Owen at 01-874 9054 or Telex 923455

LEEVERS-RICH

[ EQUIPMENT LIMITED |

Agents in Scandinavia, Eastern and Western Europe, Middle East,
Africa, Australasia and the Far East.

319 TRINITY ROAD - LONDON SW18 3SL
Telephone 01 874 9054 - Telex 923455
- Cables LEEMAG LONDON ThE WP GRoUP

LEEVERS-RICH EQUIPMENT LIMITED @

WW—105 FOR FURTHER DETAILS
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FET Input

Fully
protected

British
Made

Common mode rejection ratio 1000
Output + 10 Volts
Common mode voltage = 10 Volts
Input offset voltage 50uV/°C

Input Impedance 50,000M Q
Continuous short circuit protected

IMMEDIATE DELIVERY

ancom limited

devonshire street cheltenham
A cheltenham 53861 24690

WW-—059 FOR FURTHER DETAILS

AUDIO
EQUIPMENT

SOUND MIXERS
for

ALL TYPES OF

INSTALLATIONS

SOUND MODULES
full
Range Available

Telephone or Write
for ‘
Further Details

CRYSLON ELECTRONICS LIMITED.

ROTHER STREET, STRATFORD-UPON-AVON. WARWICKS.
TEL: STRATFORD-UPON-AVON 4797.

N N N D N VOO N N DN NN S N GO U G NN G G NN N N N N O

l Accredited by the Council for the Accredxtahon o/ Correspondence Colleges.

WW—060 FOR FURTHER DETAILS
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The B.I.LE.T. guide to success
should be read by every ambitious engineer.
Do you want promotion, a better job, higher
pay ? “New Opportunities” shows you how to
get them through a low-cost B.I.LET home study
course . There are no books to buy and you can
pay-as-you-learn.
Send for this helpful 76 page FREE book now.
No obligation and nobody will call on you. It
could be the best thing you ever did.

EREEECUT OUT THIS COUPONER B

CHOOSEA NEW FUTURENOW!

Tick or state subject of interest. Post to address below.

MECHANICAL Work Study [ CONSTRUCTIONAL
A.M.S.E.(Mech) [ Works AM.S_E. (Civil)

C & GEng. Crafts.[] Management (] Architecture

C &G Fabrication [| pRAUGHTSMAN- Building

Diesel Eng. O SHIP Carpentry & foinery
Inst. Eng. & Tech. [] Civil&Municipal Eng.
Inst. Motor Ind.  [] A-M.L.E.D. O Constructional Eng.
Maintenance Eng.[] Electrical Construction
Mechanical Eng. [ Draughlsmanshlplj Surveyors Institute
Sheet Metal Work [] Councit Eng.
Welding O Draughtsmanshlp[] Health Eng.
ELECTRICAL®  Jg&ToolDesign L] yydraylics
ELECTRONIC Technical Drawing [ |nst. of Builders
RADIO & TELE- inst. Clerk of Works
AM S.E (Elec.) Inst. Works &
C&GEldc. Eng. COMMUNICATIONS Highway Supers
C &G Elec. Inst. C &G Radio/TV/ Painting & .
C& GElec. Tech. Electronics (] Decorating

C& GTelecomm.
Technicians [J gh’x[z‘;’ig Eng.

Electrical Eng. Prac. Radio & Elec.

install. & Wiring (with kit) 1 GENERAL

MANAGEMENT g  Radio Amateurs Agricultural Eng.

Computer Elec.
Electronic Eng.

DoCCooon

Exam. () .
PROOVCTION i sanicng % SoumclSIETE e
Computer Frog. [ Repairs L pract Siide Rule
Electronic Data Transistor Course 2 ;

Processing [] Ty Main & Serv. E Pure & Applied
Estimating Mat|
Foremanship [ AUTO & AERO
inst. Cost &Man. _ AeroEng. a )
Accountants [] A.M.I.M.1. [ Sales Engineers
inst. Marketing [ ] A.E.C. Cert. B University Ent.
O

-
CNOO0 OoOn 000 O 00C 200 DDEIDDD

Refrigeration
Rubber Technology

Management ] Auto Engineering
Motor Trade Man. [| Auto Repair

Network Planning [ ] C & G AutoEng. [
Personnet Man. Garage

Production Eng. Management ()
Quality Control () MAA/IMIDiploma []
Salesmanghip [ ] MotorVehicle
Storekeeping Mechanics []
Coaching for many major exams, including C & G. and also assistance in
ONC/HNC

SEND FOR
YOUR FREE
BOOK NOW!

== BRITISH INSTITUTE
[z

G.CE. 580’ &‘ A’
LEVEL SUBJECTS
Over 10,000
Group Passes

‘ OF ENGINEERING

TECHNOLOGY

BI ET DEPT. swwo.ALDERMASTON COURT, READING RG7 4PF
QL |eswwoa

NAME . —— -

BLOCK CAPITAIS 'lEASE

ADDRESS ..

OTHER SUBJECTS . - AGE

|..'..4.
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AT HOME

you can be — very easily, with
the LITESOLD “CONQUEROR". A
superbly handling, lightweight
iron, flash tested and earthed
for safety — yours and your
components. Five bitsizes 1/16"
to 1" slip over the element for
high thermal efficiency and
match different joint sizes —
fully slotted to ensure freedom
from seizure.

The extra safe, easy location
Spring Stand holds the iron,
spare bits and wiping sponge
ready for instant use. Fitted
with non slip feet

Wireless World, May 1973

SOLDERING?

Congueror Iron complete with Stand.
Sponge and 4 Spare Bits £5.08 (inc.
P& P& VAT —U.K. only).

The Litesold Conqueror outfit provides all you need to build and maintain almost any elec-

tronic equipment at home — or at work.

LIGHT SOLDERING DEVELOPMENTS LTD.

28 SYDENHAM ROAD, CROYDON, CR9 2LL.

01-688 8589 & 4559

WW—06

1 FOR FURTHER DETAILS

INGIST

OVVEKR

VERSAIC

Acclaimed as the World’s leading
telescopic tiltover tower 1n the
field of racho communication
Models from 25’ 1o 120’

&

Look for the name
STRUVIECH

Strumech Engineenng Co Ltd
Coppice Side. Brownhills, Walsall. Staffs

WW—062 FOR FURTHER DETAILS

STOCKISTS

i
MULTIMINOK nK. 1

REPAIR SERVICE
7-14 DAYS
We specialise in repair,
calibration and conversion
of all types of instruments,
industrial and precision
grade to BSS.89.

Release notes and certifi-
cates of accuracy on request.

MODEL 8 MK. 111

Suppliers of Elliott, Cambridge and Pye instruments

LEDON INSTRUMENTS LTD

76-78 DEPTFORD HIGH STREET, LONDON, S.E.8
Tel.: 01-692 2689

G.P.0. APPROVED CONTRACTOR TO H.M. GOVT.

WW—063 FOR FURTHER DETAILS
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When you need Motorola semiconductors anywhere in the UK or
Ireland as fast as a phone call; contact any of five distributors.
A.M.Lock & Co.Ltd.,Oldham, Tel: 061-524 6832.

Celdis Ltd.,Reading, Tel: 582211.

Jermyn Industries, Sevenoaks, Tel: 51147.

G D S (Sales) Ltd., Slough, Tel: 0753 30211;

Dublin, Tel: 782232.

Semicomps Ltd., Wembley, Tad
Tel: 01-903 3161.

When you need Motorola semiconductors anywhere in Italy
as fast as a phone call; contact any of three

&
distributors. oggl

When you need Motorola semiconductors anywhere in

France as fast as a phone [ , [
call;contact any of seven Au curd h"l
distributors.

When you need Motorola semiconductors anywhere in
Germany as fast as a phone call;contact

any of eight distributors. He"te

MOTOROLA Semiconductors Ltd.
York House, Empire Way, Wembley, Middlesex.
Tel: 01-903 0944.

WW-—064 FOR FURTHER DETAILS
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Hatfield provide a range of Transmission Test
equipment to cover most applications giving
the utmost accuracy.
N __ = 2 = s x

=
e B e o

With the 747 MILLIWATT TEST Set vou get
laboratory accuracy in portable form. Just one
instrument to standardise signal levels

on 75, 140 and 600 ohm circuits.

With internally fitted ‘telephone” and 'broadcast’
weighted filters, the PSOPHOMETER 1000
can make measurements
from as low as 10 V up

to 300 V. A bandpass filter .
is also avaitable ¥ =3
for cross-talk - i
measurements. " A .
~% &P 8o
- - ‘
SELECTIVE

LEVELMETER 1001.

Y ou can measure cross-talk
attenuation to — 115 dBm with
the selective measuring set
| @lﬁ « o B 'Q 2; comprising Level Meter 1001

; and Level Oscillator 1003.
— =¥ Frequency range from 30 Hz
to 30 KHz.

Ask for individual data sheets and details of exceptionally
jow prices for these Transmission Test Equipments.

HATFIELD

forward thinking

in electronics

HATFIELD INSTRUMENTS LIMITED
Burrington Way, Plymouth PL5 3L2, Devon.
Tel. Plymouth (0752) 72773/4 Grams: Sigjen, Plymouth. Telex: 45692
South-East Asia: for prompt service and deliveries. contact:
Hatfield Instruments (NZ) Ltd.. P.O. Box 561, Napier, New Zealand.

WW—065 FOR FURTHER DETAILS
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METER PROBLEMS?

A very wide range of modern design
instruments is available for 10/14
days’ delivery.

Full Information from:

HARRIS ELECTRONICS (London)

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

WW---066 FOR FURTHER DETAILS

244 COUNTER-TIMER
1 AND
—l—{ FREQUENCY METER

-l ( ﬂ

v 2
ESll counter - TimMER

3|_-> “," \'!gzé;
d

(W]

= e OPEN b s
| R
e rh g

‘ S RN sa v, MAINS 1 .
Sorde Baaiihs ot mrirant (S i ON o
i " ! & "_

Price £79.00

244 is suitable for a number of Laboratory and Industrial
Timing Applications, offering the same facilities as
instruments costing twice the price.

For full information contact.:—
ES] Nuclear Ltd

2 Church Road

Redhill

Surrey RH1 6QA

Tel: Redhill (91) 64993

An associated company of Edwards Scientific Instruments. Mirfield. Yorkshire.

WW-—067 FOR FURTHER DETAILS
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broad-band, wide range

and easy on the eyes:

THRULINE® RF
the NE WATTMETER
spans 25-500 MHz,

JI»,__—______——
measures ,’/ ‘ @ v*‘
.02-500 watts oo

in eight ranges. All variable RF |
measurement parameters — frequen- |
cy range, forward/reflected power §
and full scale values — are switChed

right on the front panel. Since it re-
quires neither AC nor battery power,
the model 4370, is equally at home in
the lab or atop an antenna tower, at
a remote base station or in a car,
boat or plane. »

SPECIFICATIONS:
Forward Power Ranges: 10, 25, 100, S00W; =5% OFfS
Reflected Power Ranges: 1, 25 10, 50W; *5% OFS
Insertion VSWR: below 1.1 wnn N Conn. {50 ohms}
Frequency Range: 25 — 500 M
Quick-Change gonnectors N, BNC TNC, UHF, C, SC, HN, GR Type 874 or 78" EIA
Finish: Rich olive leather grain
Price incl. Line Section with N Cann: £260

Model 4370

SEEUS ON STAND No. 233
AT THE L.E.C.S.

ELECTRONIC LIMITED
l 18A HIGH STREET, NORTHWOOD
MIDDLESEX. PHONE NORTHWOOD 27688.

WW—068 FOR FURTHER DETAILS

Random Access Memory Card

AR U% £60

limrose

9ain !

Ready to use, fully

pown in Pr ice @

decoded. on printed circuit card.

Ideal as high-speed Random Access Store in your own

computers, control systems, terminals etc. Requires only +5v

and —9v power suppiies. All inputs and outputs are TTL compatible

and no clock is required. Outputs can be wired~OR for memory
expansion.

For further information. please contact:

LIMROSE ELECTRONICS LTD.,

8-10 KINGSWAY,

ALTRINCHAM, CHESHIRE,

WA14 1PJ, England. Tel.061-928 8063

WW—069 FOR FURTHER DETAILS
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HEA

an anti-reflection
breakthrough

by OCLI

Study the glass disc above. The central
portion is coated with HEA (High-efficiency
anti-reflection) and the remainder of the disc is
left uncoated.

Viewing the lettering through the disc, as for
a typical instrument presentation, you can see
the tremendous difference in reflected glare
from the coated and uncoated parts of the disc.
HEA offers improved image quality by giving,
in fact, more than ten times less reflection than
an uncoated surface.

If you would like a disc to examine person-
ally, the coupon below will bring a sample by
return.

r---------

Please send me proof of HEA's unique anti-reflection

=]

characteristics.

I Name

Position
lCompanv
lAddress
le application is:—

OC LI OPTICAL COATINGS LTD

Hlllend Industrial Estate, Dunfermline, Fife KY11 5JE
Tel. Inverkeithing 3631 (STD 038-34 3631) 0C-19A
- K K R KR B B B B |
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An Avo Electronic

multimeter at half the
price you expect.

The all-new Avo EM272.

The new Avo EM272 pocket multimeter gives you

performance that would normally cost £50. For just
£25 UK trade.

It gives 316 kQ/V input impedance at an accuracy

you won't find elsewhere at the price— +2.5% f.s.d.
on most voltage ranges.

It has 39 ranges: 20 on voltage, 14 on current and

5 on resistance.

Its circuitry achieves maximum reliability by

combining printed circuit shunts with thick
film modules.

And it has a robust centre-pole movement that

takes knocks you'd hate to give it.

You need the best multimeter you can get
rice.

Thisisit.

Avo Limited, Dover, Kent.
Telephone: Dover (0304) 202620

THORN Thorn Measurement, Control and Automation Division.

.

Avo @
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LONDON ELEGTRONIG
GOMPONENT SHOW

ALLOTROPE LIMITED

will be showing on

STAND 539

Condenser and Dyramic Microphones manu-
factured by AB Pearl Mikrofonlaboratorium,
Sweden.

Audio Mixer Modules manufactured by SAIT
Electronics, Belgium.

Muse Music Synthesiser
Triadex Inc., U.S.A.

Broadcasting TSV Differential Telephone
Repeater System manufactured by Hes
Electronics, Belgium.

Future Film Develcpments Range including
Audio Connectors, Broadcast Pattern Jack-
fields, Cords and Plugs. Audio Cables,
Markers, Sleeves, Wiring Accessories and
Hand Tools.

ALLOTROPE LIMITED

90 WARDOUR STREET, LONDON, W1V 3LE
Telephone: 01-437 1892/3 Telex: 21642

manufactured by

Pocket Size LED Applied

LOGIC TESTER

® Powered from circuit under test
® LED used as indicator lamp

® High input impedance

® Durable ® Easy to use

Foruse

with DTL
TTLand

other pulse
circuits. Re-
sponse frequency
DCto 12MHz

£4.95

quantity discount
JH Associates (Dept WW)

Cricketfield Lane
Bishop's Stortford. Herts

® Economically priced

The tester is a rugged, compact
and easy to use instrument
capable of testing logic

levels and operates from the
5v dc supply of the system
under test.

® Agents required in all araas
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STEREO IC DECODER

HIGH PERFORMANCE PHASE LOCKED LOOP
(as In ‘W.W." July '72)

MOTOROLA MC1310P EX STOCK DELIVERY
SPECIFICATION
Separation : 40dB 50Hz-15kHz.
|/P tevel: 560mV rms O/P level : 485mV ms per channel.
Input impedance : 50kS2. Powsr requirements: 8-12V at 16maA.
Will drive up to 75mA stereo ‘on’ lamp or LED.

KIT COMPRISES FIBREGLASS PCB ONLY WHY PAY

Distortlon: 0-3%

{Printed and tinned), Reslstors, I.C., Capacltors, 3-50 MORE?
Preset Potm. & Instructions. £ post free.
LIGHT EMITTING DIODE (Red) ONLY

Suitable as stereo ‘on’ indicator. For above 35

with panel mounting clip and instructions P Pplus po.

MC1310P only £2-77 plus p.p. 6p

SPECIAL OFFER
IN4002 100V 1A RECT DIODES. Fuil Specification Devices.
709’ DIL 14 PIN OP AMPS. Full Specification Devices

ONLY 6p each.
ONLY 34p each.

From April 1st add V.A.¥.':t.rt'|e standard rate to
FI-COMP ELECTRONICS
BURTON ROAD, EGGINTON, DERBY, DES 6QY

all prices
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From Goldring.

New support fort

a1

he belief that what goes into

a record ought to come out of it.

The Theory is perfectly simple.

A good cartridge should take from a record ali the
subtie shades of original sound that are stored there,

and re-create them for your enjoyment.

The Practice is a little more difficult.

Now Goldring bring the ideal closer
820 series.

Abrand new family of cartridges that builds on the

advances already achieved by the Goldri

Providing cartridges that are not only capable of making
the most of all that good recording can offer now, but

have the capacity to keep pace with new
in the art of quality recordings.

The 820 series retains the true tran
sound and the true transduction techniq
earlier designs.

The 820~ one of
the modelsin
the new range.
Performance
characteristics:
Sensitivity '@
5c¢m/sec-1Khz:5mV.
Separation @

1 Khz:20dB. -
Recommended playing wt.
2 grammes.
Stylus point radius: -0006” 154,
Frequency range: 20hz-20Khz.

it brings advances in every aspect of design.

The small low-mass diamond point which'is
mounted on a new type of specially polished lightweight
aluminium tube, combined with the new visco-elastic
material used for the pivot pad, makes for greater
tracking abilite/.

A special ‘tie wire’ minimises fore and aft sty us
movement, reducing non-linear distortion to a minimum.

The total effect is a cartridge that, other equipment
being equal, can narrow almost to vanishing point the
difference between the original recording and the sound
that comes out of your speakers. _

There are three models in the range. The 820 with
spherical stylus. The 820E and 820 Super E, both with
bi-radial styli. Write for details and full specifications.

And satisfy yourself that ‘what goes in comes out'.

with the new
ng 800 series.
developments

sparency of
ues of

The new 820 series
The experfs cartriidge by Goldring @

Goldring Limited, 10 Bayford Street, Hackney, London E8 3SE. Tel: 01-985115?
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200w DC SERVO SYSTEMS

Bi-directional.
Designed around stock
items. Immediate
Delivery. Systems
tailored to individual
requirements.

Accurate positioning and variable speed
drive functions in the fractional
horsepower range for industrial, medical
and other professional applications can
now be achieved by use of DC Servo
Systems designed around stock items and
available forimmediate delivery.

The well-known McLennan modular
construction concept almost completely
eliminates design time from servo-system
production and yet systems can be
supplied to exactly the degree of
sophistication required for specific
applications.

POWER UNIT TYPE EM75
Willsupply up to
three servo units
depending upon
load factors.
Operates from 115V,
220V or 240V input.

ey

3

BI-DIRECTIONAL
CONTROL AMPLIFIER
TYPE EM73

Differential input.
Automatic currentlimiting
Automatic dynamic braking
Uses linear devices throughout.

SERVOMOTOR
Complete with reduction gearhead,
positional feedback potentiometer
andtachogenerator.

Several versions available.

Machine Tool Drives
Positioning in Radiology
Fast Panning of Heavy Ca
Jacking Systems

Stable Variable Speed Dr
Research and Production

TYPICAL APPLICATIONS

Other McLennan products include:

Digital Syringes, Precision Peristaltic Pumps, Digital and
Analogue Servo Systems, Process and Machine Tool Control
Equipment, Precision Potentiometer Drives, Custom-built

Gearheads and Actuator Mechanisms.
o, &

meras - -
McLennan Engineering Ltd.
CONTROL SYSTEMS AND COMPONENTS

Kings. Road Crowthorne Berkshire
Telephone : Crowthorne 5757/8

ives for
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YOUIHAVE
SEENITHIS
ONEZBEFORE

its the new

___Dél

Oscilloscope

B Simple controls It features two identical input

@ 10mV Sensitivity at 10MHz  channels, provision for switching

@ Automatic Triggering one channel to the horizontal

B Automatically selects for TV n5ut for X-Y displays, and
Frame or Line Displays automatically selects for chopped

B Can be used in Single Beam, o 3jternate modes. All this,

Dual Trace and X-Y Modes plus a big, bright 8x 10cm display:,
@ Weighs under 15 Ib packs into a small space too ;

Developed for general purpose in fact the vital statistics (16%in.
and TV service applications, deep x 11in. high x 6% in. wide)
the D61 i1s small, easy-to-carry and  are as interesting as the £110
rugged — ideal for field work. price-tag.

nor the likes of it at this price-£I1I0

Write or phone for full details now TELEQUIPMEN-IE

Tektronix U.K. Ltd.,

Beaverton House,

P.O.Box 69, Harpenden, Herts.

Tel: Harpenden 61251

Telex: 25559 101-373
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Colour Telephoto System

Wireless World, May 1973

News pictures electronically processed and transmitted
as colour separations over telephone lines

by J. H. Smith* , MIERE.

By means of an extensive network rented
from telephone authorities, news picture
agencies can transmit pictures to subscrib-
ing newspapers. Picture facsimile is nor-
mally called “telephoto” and newspaper
offices include a “telephoto room” in their
communications department. Over the past
three years IPC Technical and Information
Services has been developing a system for
sending colour pictures over the telephone

networks and demonstrated the viability of

the system by transmitting, in conjunction
with the agency United Press International,
colour pictures from the 1972 Olympic
games in Munich.

Telephoto system. Fig. 1 shows how a
photograph to be transmitted is loaded onto
a rotating drum in a Muirhead picture
transmitter. A synchronous motor supplied
with a frequency of 1020Hz, divided down
from a crystal oscillator, drives the drum.

*IPC Services Ltd.

As the drum rotates the picture is scanned.
A photocell and light source are mounted
behind the drum, and the photocell collects
reflected light from the picture as the drum
rotates. Stepping the photocell across the
picture by 0.01 inch at the end of each line
scan provides a frame scan. As pictures are
normally 10 inches wide and there are one
thousand scanning lines, the resolution of
the system is 100 lines per inch. Since the
system usually scans at a speed of one line
per second a complete picture takes 1000
seconds transmission time—about twenty
minutes altogether.

The video signal, which occupies a fre-
quency band of 500Hz, modulatesa 1300-Hz
carrier, givinga double-sideband amplitude-
modulated signal with a frequency range
800-1800Hz, well suited for transmission
over telephone circuits. Since the system
achieves synchronization before transmit-
ting the picture, it is not necessary to
transmit a synchronization signal along
with the picture. In common with the

Fig. 1. Muirhead K270 picture rransmitter, showing a photograph wrapped round the drum.

www_americanradiohistorv com

transmitter, the receiver has a motor sup-
plied with a frequency of 1020Hz driving
the drum, but in this case a tuning fork
generates the signal.

Immediately before transmitting a pic-
ture the operator sends his 1020Hz oscilla-
tor signal down the telephone line. The
receiver operator then adjusts his tuning
fork so that its frequency exactly coincides
with that of the signal being received. The
crystal oscillator and fork circuits are
designed to keep stable within a fraction of
a cycle for several hours. Thus the trans-
mitter and receiver drums will rotate at
exactly the same speed, even though the
1020Hz signal is removed from the line.
The transmitter operator then transmits a
phasing pulse which triggers a clutch
mechanism linking the receiver drum to its
drive motor. This pulse is obtained from a
pair of contacts in the transmitter which
close every time clips holding the picture on
to the drum pass the photocell, thus syn-
chronizing the start and finish of the trans-
mitted picture to the receiver drum. After
removing the phasing pulse the operator
finally sends a white level reference signal,
which enables the receiver operator to
adjust his gain,“thereby compensating for
any attenuation or gain in the telephone
circuits. Provided the telephone circuits
remain stable the facsimile receiver will
reproduce a faithful version of the picture
wrapped around the transmitter drum.

Printing by offset lithography. To gain a fult
understanding of the colour telephoto
system we need a basic knowledge of the
principles of colour printing. Since at
present lithography is the technique the
majority of newspapers use for printing in
colour, 1 will concentrate on that process.

Irrespective of the printing process to be
used, monochrome (black and white) photo-
graphs have to be processed after being
enlarged or reduced into a form suitable for
printing. The picture is broken into dots of
various sizes—very small ones for the light
grey areas of the photograph and much
larger for the dark grey areas. Thus,
instead of reproducing the black and white
through various shades of grey, the picture
is constituted by a matrix of dots of varying
size. The eye spatially integrates over small
areas so that we see various tones of grey.
(Examine a newspaper or magazine picture
through a magnifying glass.) The process
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of breaking the original photograph into a
matrix of equally spaced dots is called
““screening”.

The screened negative is then made into a
printing plate (usually aluminium) by etch-
ing a positive image of the picture onto the
plate. “Image” areas of the plate accept the
greasy ink and reject water, while non-
printing areas of the plate accept water and
reject ink.

In the offset lithographic process the
printing plate is inked and the non-printing
areas are kept free of ink by applying a
watery solution. The printing machine then
transfers the image from the plate to a
rubber roller, called a blanket, and then
from the blanket to the paper.

Colour pictures are reproduced by print-
ing in turn images in four different colours.
Thus a coloured newspaper picture usually
comprises pictures printed in cyan, magenta,
yellow and black. (Examine a coloured pic-
ture with a magnifying glass.) Here again
spatial integration occurring within the eye,
and the three colour receptors of trichroma-
tic colour vision theory, produce sensations
of tone and hue when one observes such
pictures from a distance.

The colours used in colour printing are
complementary to those used in colour
television c.r.t. phosphors. This arises be-
cause television c.r.t. screen dotsare primary
sources of light, while coloured prints rely
on reflected (secondary) light. Thus a colour
television set generates white by energizing
all three colour sources (black is the absence
of light). One obtains white in a colour print
by an absence of ink, and black by com-
bining all three inks together.

Since cyan ink reflects blue and green
light but stops red, while magenta ink
reflects red and blue, stopping green, and
yellow ink reflects green and red, stopping
blue, a combination of two inks reflects only
light reflected by both inks, as shown in
Table 1.

Table 1

red light green light blue light
cyan ink stops - +
magenta ink + stops +

yellow ink + . stops

Thus cyan plus magenta reflects blue,
magenta plus yellow reflects red,
cyan plus yellow reflects green.

Cyan, magenta and yellow together give

black —no reflected light.

A whole gamut of colours is reproduced
by printing various proportions of the
constituent colours. Black ink is normally
needed in colour printing because the three
inks together do not produce a very good
black.

Colour telephoto

Since any colour telephoto system must
produce a set of four different monochrome
pictures for reproduction in colour news-
papers, let us consider how this can be
achieved with the telephoto equipment
currently available. Transmission of photo-
graphic separations has been tried experi-
mentally, but is seldom fast enough to meet
newspaper deadlines.

Making a colour transparency of a news
event, which itself takes about two hours to
produce from the time the photographer
opens the shutter to the time the process
department delivers the finished trans-
parency, is the first step in the colour
reproduction process. The next step involves
separating the transparency into its red,
green and bluecomponents. Onecanachieve
this by making negatives from the original
by exposing it through red, green and blue
filters. One subsequently uses these three
negatives to make enlarged positive bro-
mide prints and transmit them one by one
over the telephoto network.

Unfortunately the colour pictures printed
from the red, green and blue separations
produced in this time-consuming process
are unsatisfactory because of colour im-
perfections in the inks, transparency and
separation filters. One can overcome these
defects by introducing an intermediate
process to correct the colour separations
(and the black overprint). This intermediate
stage of colour correction is called “mask-
ing”. I will discuss it in more detail later
when I describe its electronic analogue.
Because of the extra stages involved in pre-
paring the components of a colour picture
for press (as compared with a conventional
black and white photograph) one can easily
miss the deadline required by newspapers.
Furthermore, an editor who wants to be
able to publish colour news pictures must be
prepared to finance extensive facilities for
colour processing near to all possible news
centres. The IPC colour telephoto system is
designed to eliminate as many of these
process stages as possible.

The foregoing dictates the specification
of a colour telephoto machine for news-
paper use:

® The machine must be compatible with
the existing telephoto network.

® The machine must transmit to existing
telephoto receivers.

® The transparency must be scanned
directly and automatically enlarged to the
standard 10in x 11in telephoto size.

® Colour correction must be automatic,
so that the received pictures are ready for
processing.

® The machine must reproduce a black
printing separation.

® The machine must be simple to operate
for a person who will not see the results of
his transmission.

® The system used must be capable of
further development.

The IPC colour telephoto apparatus
satisfies this specification in every respect.

Basic system

Fig. 2 shows the principal components of
the facsimile system. Scanning lines are
generated on the face of a cathode-ray tube,
similar to those generated for a television
picture. These scanning lines form a square
which in practice does not look like a tele-
vision raster, because the scanning spot
travels much more slowly in the telephoto
system. A lens focuses the light output from
the raster onto the transparency so that the
scanning spot of light traverses it line by
line until the spot has scanned the whole
picture.

WAMM-aericankadieohisteor/~com

215

A partly-silvered mirror collects a sample
of the light from the c.r.t. and feeds it to a
photocell, which drives a circuit designed to
stabilize the brilliance of the light output.
Without this circuit the light output will
vary too much to obtain consistent results
while scanning the picture.

The scanning spot is very small and is
focused accurately on the transparency, so
that the light output on the far side of the
transparency varies in intensity in accord-
ance with the picture content.

A condenser lens collects the light and
feeds it to an optical filtering system which
separates the red, green and blue compo-
nents. A dichroic mirror, which reflects red
light only, passing green and blue un-
affected, feeds the reflected red light through
a correcting Wratten filter to a photo-
multiplier tube. Similarly another dichroic
mirror feeds reflected blue light to a second
photomultiplier. The green light, minus red
and blue, passes to a third photomultiplier.

The signal, occupying a time of one
thousand seconds, is an analogue of the
complete picture. Having obtained a signal
analogue of the colour transparency, one
can effect any desired mathematical opera-
tion upon it. This follows because electrical
signals can be handled more easily and
precisely than optical signals. For instance,
any number of photographic correction
“masks” can be built into the circuits.

The three signals pass from the photo-
multipliers to variable gain amplifiers,
which modify the density range of the
original to levels suitable for printing. After
compression the three signals are fed to
a colour computer, which simulates the
photographic colour “masking” system.
The colour corrected outputs then pass one
by one to a telephoto transmitter.

The signals are transmitted sequentially
over a standard telephone line and re-
constituted into pictures at the receiver. The
received pictures are the cyan, magenta,
yellow and black separations required for
printing.

Fig. 2 shows that the facsimile transmitter
triggers the timebases. The triggering action
ensures that the scanning spot traverses the
correct part of the picture and is in syn-
chronisation with the distant receiver. The
deflection drive, fed by the timebases, is an
amplifier driving the deflection coils of the
cr.t.

Optical system

Fig. 2 also shows a simplified layout of the
optical system. Designing this system posed
a number of problems because of the neces-
sity to separate colours. The colour spectra
of interest are 400-500 nanometres (blue),
500-600nm (green) and 600-700nm (red).
As the screens of standard cathode-ray
tubes are predominantly green, the system
must incorporate one with a phosphor con-
taining red and blue components. The
phosphor must also give adequate bright-
ness, together with a very small scanning
spot. Eventually we chose the “A” type
phosphor, because this gives useful light
output over the full range of 400-700nm.
One of the better flying spot scanner tubes
is used to resolve 1600 lines on 35mm film.
The main lens proved to be the most
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critical component, because it has to resolve
the very fine scanning spot equally well in
the red, green and blue parts of the spec-
trum ; and it has to give accurate focus over
the entire colour range and pass as much
light as possible. We had to design a special
lens to meet this specification

Fig. 2 also shows that dichroic filters
separate the light output from the trans-
parency. We could have used partly-silvered
mirrors instead, but with the limited amount
of light available from the c.r.t. phosphors,
dichroics proved more suitable. Because di-
chroics are not selective enough on their
own, we used Wratten filters for correcting
the light collected by the photomultipliers.

The signal output levels from the photo-
multipliers differ, so we use variable gain
amplifiers for adjusting the red, green and
blue signals to the same level. Fig. 3 shows
the spectral distribution of each of these
three channels.

Timebases

The facsimile transmitter triggers the time-
bases to synchronize the scanner with the
telephoto system. This triggering system is
necessary to merge text, and other data on
the telephoto transmitter drum, with the
picture being transmitted. The operator
loads a caption and general description of
the picture onto the telephoto transmitter
drum, together with reference densities,

registration marks and colour identifica-
tion. As each colour is transmitted sequen-
tially, the operator has to change the colour
identification before sending the signals
representing each separation.

Telephoto is a “‘thousand line” system
with stability requirements well in excess of
those acceptable for television. The line
timebase must be accurate to within a frac-
tion of one thousandth of an inch from line
to line. If not, edges, such as the brim of a
hat, become ragged. Similarly, the system
must maintain stability from picture to pic-
ture, so that when the four separations are
printed on top of each other they are
accurately in register.

Level monitoring

Highlight and shadow monitoring comprise
an important part of the system. The en-
gineer has to balance the three input photo-
multipliers using a monochrome picture,
so that the grey components of a picture are
reproduced grey and not some other colour.
Once they are balanced, the operator does
not touch the input amplifiers.

When printed the highlight detail of the
picture must be correct even though the
original may be a normal, dark or light
transparency. In consequence the operator
must adjust the scanning light output to
compensate for various transparency densi-
ties. Because picture highlights may be

variable | blue -
gain > video processing
amplifier = system 4 > facsimile >
- (colour correctnon) transmitter | output to
computer telephone
variabte ¥ green line
gain
amplifier
variable red
gain
l amplifier
—t
< green
ﬁ wratten Y
blue — filters
b — \/
<€ | <—biue —e—
{ I e ———
! red
dichroi __,__’__.l
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Fig. 2. Principal components of the colour telephoto system.
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Fig. 3. Spectral distributions of the three
channels.

coloured, the system maintains colour
balance by adjusting tube brilliance until
one channel gives a peak signal. If the high-
light is white all three channels will peak at
the same level; but if the highlight is
coloured one or two of the channels will
generate slightly lower strength signals to
signify the need for a small quantity of ink
in this highlight area. Similarly, the darkest
shadow in a picture must be reproduced
with solid ink, but because this shadow is
not necessarily black, the operator adjusts
the shadow control until one channel gives
a minimum signal.

The system adjusts for highlight and
shadow density with the aid of a strobe con-
sisting of a line scan, a potentiometer con-
trol to move it across the picture, and a
meter to indicate the position of the strobe
line on the transparency. The three monitor-
ing meters, ‘“highlight density”, “strobe
position”, and “shadow density”, are visible
on the front panel shown in a photograph of
the complete equipment on page 219.

The block diagram in Fig. 4 shows the
principle used for metering circuits. The
need for steady peak signal readings while
using a one-second line scan complicated
the circuits. Furthermore, the system must
respond reasonably rapidly to highlight
changes as the strobe line is moved across
the transparency.

Fig. 4 shows how the trigger pulses are
divided by two and gated to provide a pulse
for every alternate line. These pulses dis-
charge the capacitors of two peak detectors.
The system employs two peak detectors, so
that while one is charging to its peak the
other is steady. By this means the peak
detectors measure the peak on every alter-
nate line. Outputs from the two peak detec-
tors are combined, so that the meter displays
a relatively steady reading.

In practice the system uses two peak
detector pairs, one for the highlight and one
for the shadow. Switching enables the
meters to monitor various parts of the sys-
tem for setting-up purposes. Field effect
transistors employed in the peak detector
circuits ensure the greatest possible accuracy
of the readings obtained.

Photographic “masking”

Printing inks are not pure colours: each ink
is effectively contaminated by the others.
To simplify matters let us consider one
error where magenta ink contains some
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25 per cent of yellow. This means that
wherever yellow and magenta inks are
superimposed the resulting print contains
an excess of yellow due to the presence of
unwanted yellow in the magenta ink. As
yellow and magenta reproduce red, the ex-
cess yellow will tend to make reds reproduce
with an orange hue.

To correct this defect in conventional
colour printing the operative makes a
colour correcting “‘mask™ by taking the
magenta separation and making a low-
contrast negative, 25 per cent of the original
in this example. He then places this negative
in accurate register over the yellow separa-
tion, so that whenever yellow is reproduced
in magenta areas the contrast is reduced by
25 per cent. This means that less yellow is
printed in those areas where magenta is also
printed and the colours are reproduced
accurately. The term “‘mask’ comes from
the fact that a low contrast negative is fitted
over the positive, just like fitting a mask over
the picture.

In practice “masking” is more com-
plicated than I have described, because
every colour of ink is effectively contami-
nated by every other colour.

Video processing

Fig. 5 shows the video processing system.
The red, green and blue signals pass from
the photomultiplier amplifiers to 2 decade
loggers. These loggers form the first com-
pression stage in the system, because this
circuit crushes densities greater than 2.0.
As indicated on the diagram, passing
through the loggers transforms transmit-
tance into density. Density is defined as:

|
D= log,o ?"

Density is analogous to decibels in electrical
terms. Since by definition clear film has a
transmittance of one (100 per cent trans-
mission), it consequently has zero density.

These density signals pass to the high-
light monitoring circuit (to set the peak
highlight level), the black signal extractor
and the colour correction masking circuits.
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The black signal extractor corrects the
black components of the mask signal. It is
also used for making the “‘black printer”
separation after that signal has passed
through a curve correction amplifier.

After colour correction the signals pass
to the shadow density control. This variable
gain amplifier adjusts the deepest shadow,
so that at least one separation will print
solid ink. The press correction curve com-
pensates for gradation errors in the screen-
ing and printing process. Like the “black
printer” gradation curve correction, an
amplifier with a non-linear transfer function
provides the press correction : the character-
istics of subsequent printing processes
determine the shape of this curve.

After leaving the gradation curve correc-
tion amplifier, the signals accurately rep-
resent corrected colour separations and are
then referred to as the cyan, magenta,
yellow and black printer signals. They pass
sequentially to a range setting amplifier,
which introduces further compression. Up
to this point the signals have represented a
density range of 0 to 2.0. As the subsequent
transmission and printing processes can
handle only a density range of 1.7 (equiv-
alent to 34dB contrast ratio), the signal is

A reset
even lines

Fig. 4. The basic metering system.

compressed (not crushed as previously) to
1.7 before passing to an anti-logger, which
converts the signal back to its transmittance
form. Finally, the transmitter signal passes
to a matching amplifier which adjusts the
signal levels to match the modulator in the
facsimile transmitter.

Loggers and curve correction amplifiers

The circuits used for logging and curve
correction employ concave and convex
transfer functions or combinations of the
two. Figs. 6 and 7 show the basic circuits.
For simplicity, the circuits depicted use only
two feedback diodes, whereas practical
circuits employ more diodes to increase the
accuracy of the approximation.

Fig. 6 shows that with small input
signals the amplifier functions as a con-
ventional operational amplifier, with gain
G, = R,/R,. However, as the signal level
increases diode D, starts to conduct, so that
R, isshunting the input resistor and increas-
ing the gain to G,. With even greater signals
D, conducts to shunt the input resistor with
R, as well and R,, thereby increasing the
gain further to G,.

Fig. 7 shows the convex transfer func-
tions. As in the concave circuit, the opera-

to highlight
metering circuits e SRlERE
=y thlecader - MAtching [ —
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Fig. 5. The video processing system.
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tional amplifier functions as a normal linear
amplifier until the signal level rises above
the break point. Notice that the break point
in this case occurs when the ourput rises
above a certain level as opposed to the input
on the previous circuit. Above the break
point D, conducts, shunting R, by R, so
that the gain decreases.

In practice logger circuit design requires
considerable attention to detail. The circuits
can operate between zero and positive levels
or between zero and negative levels, depend-
ing upon the choice of suitable diodes and
biasing. The need to use preferred value
resistors causes further complications be-
cause this leads one to modify break points
and slopes to get the best approximation to
the curve consistent with practical resistor
values.

Colour correction

The colour masking equations used to
compensate for the deficiencies in the colour
of inks are well known and are derived from
density measurements taken through red,
green and blue filters. Thus, if one measures
a sample of magenta ink through the three
filters, one obtains three density readings.
Two of these readings will be low because
magenta ink is supposed to reflect red and
blue light, stopping green, while the green
filter will give a high density reading. One
takesa complete set of readings, so that each
ink is measured through each filter (see
Table 2).

Table 2: ink density readings

cyan ink magenta ink yellow ink

red filter C, Mg

YR
green filter C; Mg Yo
blue filter Cy Mg Yg

Dividing these readings by the principal
density readings Cg, M and Yj yields the
coefficients of a matrix representing the
colour correction equations.

D, Cr/Cr+ Mg/Mg+ Vi/Vy\ /C
D, |= Co/Cr+ Mg/ Mg+ Ve/Vy || M
D, Cy/Cr+ My /Mg +Vy/Yy |4

le. Y = AX

The solution to this matrix is
X=A41Y

where 4 ! is an inversion matrix. We chose
to use the matrix form in preference to a
simultaneous equation because of the rela-
tive ease with which one can solve matrices
using computer time sharing services: the
computer has a sub-routine which in-
verts the matrix from the simple instruction

MAT R = INV (Q)

With a little further programming the com-
puter will dutifully print out that

cyan = 100% red — 159 green

— 1.5% blue
magenta = 110% green — 399 red

— 6.8% blue
yellow = 100% blue — 109 red

— 609, green

This particular solution applies to a specific
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Fig. 6. (a) Circuit for producing a concave
transfer function; (b) output/input
characteristic of the circuit.
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Fig. 8. Colour correction “‘masking” circuit. CB) Co
+30%
33k
—15%
56k 10k
+—AA—
red +100% R 10k
YA 15 - cyan
-15%G 56k 741 —>
NNVN—¢ +
akz2 B Cp
v
+30%
+6% 33k
160k
10k
NN
green +110% G 9k1
> 1’_"\ —VVV = magenta
-39%R 24k 741
AAA%: +
N —\N\r B Cb
—-6:8% B 130k
4k?
+20% +30%
> 50k 33k
+10% R 100k r 10k
S A VAVAV S\
bide X +100% B 10k
NV = yellow
~60% G 16k 741 5
AAA ¢ +
4k8

set of density readings taken from a
commonly used set of printing inks.

Thus if one inputs to the computer
density readings for the printing inks used
in the reproduction process, the computer
will print out the required cyan, magenta
and yellow mask percentages, which form
the basis of the correction circuit design.

www._americanradiohistorv com

We could use the programme further to
design the whole circuit, but unlike the non-
linear amplifiers, several of which we had to
design, we designed the overall circuit once
only. Here, the computer’s strength lies in
its ability to solve a difficult equation very
quickly. The computer programme is also
useful for comparing different inks: the
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solutions to the equations shows quite
clearly if the differences will have a signifi-
cant effect on the masking amplifier design.

Fig. 8 depicts the circuit of the masking
amplifier. The red, green and blue signals
enter directly into the summing input of an
operational amplifier, while correction sig-
nals pass to the non-inverting input of the
operational amplifier to subtract from the
main signal fed to the summing input.

If a monochrome signal enters a masking
amplifier all three inputs will be identical.
Adding or subtracting black signals from
the black signal extraction amplifier makes
the three outputs identical; thus in the cyan
channel we have

+100% R—15% G —15% B+30% C,

where Cy is a clipped black signal. For a
monochrome picture this becomes

+100% B—15% B—15% B
+30% B = 100%,

Similarly the percentages for the two other
channels add up to 100 per cent. The clipped
black (Cy) signal ensures that when all three
colours are present, together with black, the
amount of coloured ink printed is reduced.
This technique of printing less coloured ink
in very dark areas is called “‘under colour
removal”.

In practice, the cyan, magenta and yellow
channels are not balanced to 100 per cent
because an equal weight of ink does not give
a very pure black. The actual weights re-
quired depend upon the type of ink used,
but 100 per cent cyan, 90 per cent magenta
and 85 percent yellow are typical percentage
ink weights for acceptable grey scale repro-
duction.

The three output signals from the colour
mask pass to the shadow density control
(Fig. 5), whose function is to be able to
adjust to accommodate a wide range of
original transparencies. The control com-
prises a three-channel switched-gain ampli-
fier, which sets the shadow reading on the
shadow meter. The system ensures that
solid ink is always printed somewhere

within a picture: this upproach avoids pro-
ducing flat desaturated prints even when the
original transparencies have been poorly
exposed.

The press correction curve is a non-linear
amplifier, which compensates for the distor-
tions which subsequent screening and print-
ing processes introduce. The signals from
this stage pass through a channel selector
switch to the transmission circuits.

Black printer channel

In this colour system black is defined as the
colour generated by equal signals from the
red, green and blue channels, the three
photomultipliers being set to give equal
signal outputs from a monochrome trans-
parency. The black signal extractor gives an
output whenever all three channels rep-
resent equal quantities of ink, that is, a
signal equal to the lowest input. The black
signal output can be either clipped or un-
clipped, and in either form the signals can
be used to correct the grey scale response of
the colour correction circuits.

Transmission circuits

Although the cyan, magenta, yellow and
black signals are all available simul-
taneously, the IPC system transmits them
sequentially. This mode of operation en-
ables any newspaper office with a conven-
tional telephoto receiver to receive the
transmissions and reproduce colour. The
four signals are switched one at a time to the
range setting amplifier (Fig. 5), which
linearly compresses the signals to allow for
the limited range of subsequent processes.
The screens the newspapers use determine
the lower limit, while the modulation depth
and detector circuits of the telephoto
transmitter/receiver system fix the upper
limit. In practice the lower limit is a density
range in excess of 1.4 and an upper limit
of 34dB, which is equivalent to a density
range of 1.7. The range may be set anywhere
between these two values. so we chose to use
the optimum value of 1.55.

The compressed signal finally passes to an

Complete prototype
colour telephoto
[ransmitier.
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antilogging circuit, which converts density
back to transmittance. The modulator
matching amplifier ensures that the out-
going signal corresponds to —7dB for the
highlight and — 36dB for the shadow. (The
transmitter can modulate down to —41dB.)

Test results

After the production prototype of this
machine (see photograph) had yielded very
satisfactory results in the laboratory. we
installed it in the United Press International
office at the Olympic Games Press Centre at
Munich in 1972. Countries as far apart as
France, Sweden, South Africa and Japan
received separations daily of colour photo-
graphs of sporting events of interest to the
particular countries.

The front cover of this issue of Wircless
World shows a set of separations trans-
mitted during the Olympic Games, when
Mark Spitz had won five of his seven gold
medals. For the purposes of the cover
illustration the separations are shown re-
duced in size and in the actual colour
components, cyan, magenta, yellow and
black, used for printing a colour picture. As
received on a telephoto receiver the separa-
tions are 10inx llin and, of course, in
monochrome (black and white).

Future developments

Following the technical success of the
transmissions from Munich we are now
considering a number of possible develop-
ments of this system. For instance, we could
develop a high speed model capable of
transmitting on 48kHz lines. Also, if we
used the 48kHz network, we could transmit
all four separations simultaneously to four
separate receivers. As the present system
uses a bandwidth of only 500Hz there is
sufficient capacity on the normal 3.5kHz
telephone circuits for simultaneous trans-
mission of the three colours if we used
single sideband transmissions.

As the present model is very large and
must be stationary, its use is restricted to
events such as the Olympic Games. We
could develop a simple portable scanner,
which could relay the signals through the
large machine. To ensure that the portable
unit was as simple as possible, we could
arrange for the large machine to carry out
all the colour corrections.

However, very few newspapers are cur-
rently capable of printing news pictures in
colour. Many papers incorporate pre-
printed colour advertising and colour studio
pictures, but they do not have a full-colour
printing capability and so cannot use
separations received through colour tele-
photo. Therefore, future developments will
depend upon the newspaper industry mak-
ing wider use of colour.

Acknowledgements. The author thanks D.
Haley and P. Busby, who designed the
equipment used in Munich, J. V. Ashworth,
for originally suggesting this work, and the
head of IPC Technical and Information
Services for permission tc publish this
article.
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New Audio Products

A selection of products introduced

at Sonex time

Audio exhibitions in hotels serve at least two fundamental needs — an opportunity to hear
equipment in rooms that approximate domestic surroundings — in terms of size at least —
and an opportunity to communicate with people in the business. Sonex 73 was successful
on these counts. But the fact that the venue is generally not in the public interest in terms
of cost and convenience lends weight to the argument we heard from a number of exhibitors,
that the trade viewing days should be extended, at the expense of public days. As such an
exhibition seems an ideal place for professional engineers to exchange information, we’d
like to see this further promoted Ly a more formal presentation of recent research and
development in audio and acoustics. This should take the form of a conference running parallel
with the show and taking the place of the poorly attended panel discussions which were

organized at this year’s exhibition.

Amplifiers and tuners present relatively
little difficulty in assessing what they can
or can’t do in terms of their performance.
Even though ambiguities do exist in speci-
fications — especially with the rated power
output of an amplifier — an informed
perusal of standardized specifications can
yield an accurate guide to the. capabilities
of an amplifier or tuner circuit. This is not
the case, however, with loudspeakers.
Amplitude-frequency response and im-
pedance curves give an indication of the
performance when the speaker is fed with
continuous signals (e.g. sine waves) but
this is not representative of the performance
under real or transient signal conditions.
This suggests that additional information
is necessary and indeed research being done
by KEF Electronics indicates the impor-
tance of the phase-frequency response
and the “decaying” frequency response
obtained by a Fourier analysis of different
time intervals of an input transient (unit
impulse) signal. The significance of this
information was tentatively realized by
Harwood of the B.B.C. during the 1950s,
but it is only recently that instrumentation
providing digital analysis of transformed
signals has become available and made
speedy and accurate measurements
possible.

In the light of this missing information
and in coping with the poor acoustic
environment in the hotel demonstration
rooms for listening to reproduced music,
it is impossible to select the “best” new
speakers which appeared at the show. The
following is however a cross-section of
some of the more interesting designs which
appeared.

The Jordan Watts Jupiter TLS is a
transmission-line enclosure with two of
the Jordan Watts full range modules used
as drivers. Energy from the rear of the units
is fed down and dissipated in a long folded
tunnel which is lined with acoustically

absorbent material. In this case different
types of energy absorbents are critically
positioned so that the restriction to speaker
movement is minimized. The aim of this is

to improve the efficiency of the system, .

inherently low with the transmission line.
The main specifications are stated to be
frequency response 35Hz to 22kHz +4dB,
distortion < 1% at 60Hz and <0.3%
elsewhere, sensitivity is 10W pink noise
for 95dB s.p.l. at 1m, nominal impedance is
802 and the speaker is recommended for
use with amplifiers having power outputs
from 20 to 50W continuous. Price of the
Jupiter TLS is £86 each.

An extension to the transmission line
principle is employed in the relatively new
IMF ALS40 loudspeaker which is an
“active line” system. The usual passive
part of the transmission line is comple-
mented by an active radiator driven via a
suitable crossover network. The result is
an extension in bass response and/or in-
creased efficiency around the existing L.f.
bandpass, while at other frequencies where
a transition is occurring into non radiation
from the “port” the system can be regarded
as an acoustic dipole. A secondary advan-
tage of the active line system is that below
its operating range, the phase relationships
are such that the low frequency drivers are
acoustically coupled against diaphragm
motion, thus acting as a high-pass filter
to unwanted sub-sonic signals. The ALS40
measures approximately 134 X 134 X 264in,
bass unit is an 8in foam surround, sub-
bass driver is an 8in roll surround, mid-
range unit 5in impregnated cone contained
in a separate line, domed tweeter, efficiency
measured via 40W pink noise 1m on axis
produces 100dB s.p.l., nominal impedance
is 8Q.

Other speakers of interest were the
Spendor BCIII: 12in Lf. unit, 8in mid-
range both with plastic cones, crossover
points at 700Hz, 3 and 13kHz, nominal
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impedance 8%, power rating 70W peak
programme — the Kmal EIf Major which
is a damped reflex system incorporating
an internal acoustic filter chamber. The
drive units are 8in rolled surround bass,
S5in mid range and 3in tweeter, nominal
impedance is 8({ and power handling
capacity is 22W continuous. All the drivers
in this system are standard units from
Elac and EMI which have been specially
“doctored” to meet the design requirements.

A new name at Sonex was Gale Electro-
nics who introduced the GS401 infinite
baffie system. The speaker is priced at £81
plus v.at. although production does not
start until about the end of August.
Nominal impedance is 42. Two 20cm
bass drivers are employed and are
complemented by a 10cm mid-range unit
and a 19mm dome tweeter. Fundamental
resonance of the systemr is SOHz.

Another new loudspeaker is the soft
dome speaker, SX-3, from JVC, which
features improved directivity at h.f. i.e.
with half-power points at +60°, at least,
at 4kHz. This is due, JVC say, to the soft
dome vibrating in a radial way as opposed
to the piston-like action of a hard dome.
As well, the speaker frames are mounted
outside the front panel with punched metal
covers giving the unit a distinctive
“functional” appearance.

Amplifier and tuner design seems to
have reached a pinnacle in performance
capabilities — at least for the time being.
Circuit innovations are now few with new
models being additions to established
ranges of equipment rather than being
“innovatory”. The use of integrated circuits
is becoming more widespread although
i.cs are still very limited in their application
to high performance audio circuits —
limited that is in their power handling capa-
bilities and noise performance for pre-
amplifiers. The IMF Galactron ICI10
(£298 + wv.at) is however a high
quality amplifier which has a pre-amp
using i.cs. Power output into 8£ with
both channels driven and switched to mono
mode is 75W +0.5dB. Under the same
driving conditions, distortion is less than
0.2% from 70W-0.1W (20Hz-20kHz).
Damping factor with an 8802 load is
greater than 80 and hum and noise of the
power amplifier below 80W into 882 is
better than 90dB. Incidentally, the leaflet
describing the Galactron states that the
circuits contain 24 transistors, 34 diodes
and “four to eight integrated circuits”.
Pardon?

The Metrosound ST40 is a new amplifier
whose power output circuitry has been
redesigned. Although we have no details
of the circuitry at the time of going to
press, a typical distortion figure of 0.05%
indicates that an improvement has been
made. Power output is 20W continuous per
channel into 82. Hum and noise are
—65dB on magnetic phono input. J. E.
Sugden has a range of power amplifiers,
control units, integrated amplifiers and
tuners. Basic improvements have recently
been made to the power amplifiers but this
amounts to improvement in power ratings
by an increase in voltage rail value — and
corresponding output devices and bias
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Voite-coil protection circuit in KEF speaker, model 5/14C, uses voltage-controlled
attenuator that is actuated when the mean power over 5 seconds reaches an unsafe

level, as set by Vrer.

arrangements. Noise performance has also
been improved. The range includes the
P51 power amplifier (45W continuous
into 80 per channel £80.00), C51 control
unit (£50.00) and the A48 integrated
amplifier (40W continuous per channel
£95.00).

A new model introduced at Sonex to the
Goldring range of turntables was the
GL78. 1t is a further development of the
GL7S, utilizing the same drive mechanism
with variable speed adjustment between 30
and 86 r.p.m. Changes which have been
made are the introduction of a new lighter
headshell — the arm has adjustable stylus
pressure from 0.5 to 5gm — and a
restyling of the lift /lower lever for easier
operation. Price is now £69.90 + v.a.t
and this includes the plinth and cover.

The latest deck from Philips, the
GA407, is sold with the Philips GP400
“magneto dynamic” cartridge. It is a
two-speed deck using a low-speed,
synchronous motor and belt drive with a
free-floating sub-chassis for turntable and
arm to minimize wow and rumble. Two
features not previously seen on Philips
decks are automatic arm return to rest
position and a stylus force meter which
gives a direct reading.

A new name in audio amplifiers is EMI
who introduced a 15-watt per channel
amplifier together with a decoder for SQ
records. The amplifier, type 1515, gives an
harmonic distortion of 0.2% at full output
(1kHz, single channel), but is not quoted
at lower levels, and costs £54.

The EMI SQ1500 decoder has six-pole
phase difference circuits with a phase
difference of 90 +10” over the band
20Hz to 18kHz. The decoder, fitted with a
fixed blend option and an “ambience”
matrix switch for four-speaker playback of
ordinary stereo records, uses a p.c. board
announced at about the same time by the
relatively new company of Tate Audio
Transmission Equipment. They make a
range of decoders based on two circuits,
the single i.c. circuit, presumably similar to
the circuit on page 116, March issue, with
its 90 + 10° phase difference over 100Hz
to 10kHz. The wider band six-pole circuit
has a typical distortion of 0.04% (0.08%
at clipping) as opposed to 0.1% (1% at
clipping) for the i.c. version. The i.c.
version is available in four forms;

ready-built on a p.c. board for £8.95, with
power supply, switches and volume
control for £16.95; with cabinet kit for
£24.95 and fully built for £28.95. The
“high-definition” type is also available in
these four versions, priced from £12.95 to
£34.

Other recently announced SQ licensees
are Thorn Consumer Electronics and
Rogers Developments (making a total of
60 brand names now using SQ circuitry).
The last-mentioned having showed their
SQDI model at Sonex, incorporating the
single-chip circuit power supply and 10-40
blend resistors for £15.

Sansui took the opportunity of Sonex to
announce a licensing arrangement for the
QS regular matrix and their Variomatrix
technique of enhancing channel separa-
tion. Up until now only Sansui has been
making QS equipment. The Variomatrix
circuit is used now in the latest consumer
decoder for four-speaker playback of
stereo records in place of the phase
modulator circuit previously used. The
complete p.c. board for the QS
Variomatrix circuit costs around £3 to
manufacturers. It was interesting to see
that Sansui have incorporated a “phase
matrix” position on their equipment,
which it is claimed decodes SQ records
using two phase shift circuits, after sum
and difference matrixing, instead of four.

There are now 19 recording companies
using Sansui equipment, offering over 400
QS records under 24 labels, the latest to
go Sansui being a French affiliate of
Decca. There were 170 CD-4 records and
240SQ records at the start of 1973,
with no doubt many more CD-4 to come
now that WEA (Warner-Electra-Atlantic)
is adopting the discrete system.

The quadraphonic equipment of
Marantz, shown for the first time in the
UK., uses a Vari-matrix technique for
playback of coded and uncoded records
through four speakers. No doubt this will
be similar to the National “acoustic field
dimension” with variable blending, but it’s
not clear what the phase difference is
between the rear speakers. On all five
models (amplifiers and receivers) provision
is also made for adding SQ decoders (type
SQA-1 with front-to-back “logic”, type
SQA-2 with full logic) or any other
decoder that may become appropriate in
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the eyes of Marantz.

As well as selling SQ decoders, EMI
Sound & Vision Equipment also sell
speakers specially built for surround-
sound playback of stereo materials from a
two-channel amplifier. Called LE3SS. they
have double-wound voice coils in the drive
units in an impedance ratio of 11:5. The
voice coils of four speakers are connected
in such a way that the signals 11L + 5R
and 11R + 5L are fed to the front pair
and 11L — 5R and IIR — 5L to the rear
pair. The two voice coils can of course be
connected in series giving a 16-ohm
impedance.

A new top-quality pickup cartridge is
introduced by Shure. Called the V15III, it
supersedes the V1511 “Improved” and has
improved amplitude-frequency response to
the extent that the 2 or 3dB droop in
response at around 10kHz with the V15II
is completely removed. Laminating the
magnetic core material and moving the h.f.
resonance out from 20 to 23kHz has
meant that the new cartridges have an
average deviation of only ++dB up to
20kHz, though individual pickups can
vary up to +3dB at 20kHz. Shure will not
guarantee performance for CD-4 discs,
but the new pickup is clearly much better
suited than its predecessor, being 12dB
down at 30kHz as opposed to 22dB. The
new pickup also features better
trackability with lower consequent
distortion.

Ortofon announce a new moving-coil
cartridge with reduced equivalent stylus
tip mass and light-weight cantilever to give
a typical response that extends +3dB up
to 50kHz. Data for this SL15Q is similar
to that of the SL15 MKII, except for the
stylus which is a Shibata type.

Extras

® The HI0 and H20 dynamic
headphones designed by Sonab of Sweden
have respective frequency ranges of
20-14000Hz (+3dB) and (+2dB).
Harmonic distortion at 120dB s.p.l., and
1,000Hz is less than 1% for the H10 and
less than 0.3% for the H20. This sound
pressure level is the approximate threshold
of pain so normal listening levels would
not approach this.

® Five sound selector units are now
produced by Tape Recorder Spares Ltd.
Four units select either headphones or up
to three pairs of loudspeakers. A fifth unit,
HZ793, provides the facility to connect
any of three signal sources to any three
amplifiers.

@® A completely new range of amplifiers,
tuners and receivers is launched by
Armstrong. The new Series 600 which is
visually very attractive, comprises the
stereo amplifier with 40 watts of con-
tinuous sine wave power per channel (both
channels driven) combined with very low
distortion (0.08% at 1kHz all power
levels), with electronic switching in the
preamplifier eliminating switch clicks
(£76). An f.m. tuner has a sensitivity of 1
V (30dB s /n), distortion of less than 0.2%,
a 38-kHz rejection of 50dB, and a capture
ratio of 1.75dB.
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TV Information Service

Signal format for B.B.C. system

The B.B.C. has decided a signal format (see
diagram) for Ceefax. its proposed television
broadcasting information service announced
last year, and field trials of the system will be
started this summer. Ceefax will enable
television receivers to display on demand
information such as weather reports, moioring
and other travel news. sports results, stock
market prices, ctc., in fact anything which can
be shown by the written word. The information

rows of alpha-numeric characters —— will be
transmitted by a binary digital code within the
normal television signal, and the received data
will be processed by a separate unit connected
1o the television set. In this unit the data will be
stored as different “pages” of information
which can be up-dated as additional signals are
received. A selector will enable the viewer to
choose any of 32 stored “pages” for display on
the receiver screen at any time he wishes.

Data signals corresponding to the 32
“pages” of information, will be inserted on lines
in the television field-blanking period for
transmission. The receiver unit will contain
data-extracting and decoding circuits as well as
data-storage and character-generation circuits
which will enable the pages of information (o
be stored and displaved in alpha-numeric form
on the receiver’s picture tube. Storage will be
necessary at the receiver hecause the rate of
transmission of message data in the system is
relatively low (11.2 kbits/sec), requiring about
15 seconds to transmit 32 “pages”. The

B.C.D.ond binary-coded

identical, interieaved dota words with

Receiver displaving a “'page"’ of information,
with the page selector unit on the right.

television display, on the other hand. requires a

new television ficld (or “page™) every 1/50th of

a second, and storage will be used to
accumulate the received data so that it may be
read out repeatedly (o “refresh” the television
display. The data rate is. of course, more than
adequate for the transmission of the intelligence
itself.

The minimum required storage capacity in
the receiver is thus one page of information:
this demands a data storage capacity of 5376
bits.

A Ceefax page comprises 24 horizontal
rows of characters. each row containing 32
characters and spaces. Twenty picture lines are

Wireless World, May 1973

allowed for each row ‘including the space
between rows.

A new character row will be transmitted
every television field. which means that the 32
pages™ will require 15.36 scconds for
transmission. The rows of different pages will
be transmitted in an interleaved sequence and.
whenever a viewer selects a page. data will
begin to be‘‘written” into the store of his receiver
and he will see the page begin to form, row-by-
row, until it is completed after 15.36 seconds.

The signal transmission during each
television field-blanking period will use the
adjacent television lines numbered 13 and 14
on cven fields and the adjacent lines 326 and
327 on odd fields. The signal consists of the
characters in coded form, together with coded
“addressing”, protection and synchronizing
data pulses.

Each character is transmitted as a 7-bit code
word plus one parity-bit tor protection, making
8 bits per character. Non-return-to-zero coding
is employed. using “raised-cosine” pulses with
approximately 4.5MHz bandwidth. Each
television line has a capacity of 235 bits of data
and it will be seen from the diagram that the
two lines carryv between them 32 characters,
comprising the transmission of data for one
complete character row every television field.

The “clock start® and “address” blocks
are also shown, together with blocks for clock-
time information to be inserted in slowly
changing information “pages”.

Signal format for Ceefux. Address words ure shown top left. Daia pulse at 70%

level corresponds to ‘1" at 0% level to ‘0. I'igures in brackets are numbers of
P g

clock start
and sync (20)

cyclic - redundancy -
check word (42 bits)

H

one inverted and one time-reversed bits.
—\
r Y
clock start Page Hours Min Row
and sync (20) (646) (6+6) (7+7) (54+5)
- c e ’ pinar
n
-b.c.d. words g
ward
white 100%, = ///
dota 70% —
416 characters spare
(128) (39)

|

16 characters spore

(128) (75)

black 0% %

lines 13 ond 326

i
I
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News of the Month

P.C.M. for Post Office trunks

As a first step in developing a digital
information trunk network, and preparing
for new facilitics, the Post Office has
placed contracts with STC, GEC and
Plessey to develop pulse code modulation
digital transmission systems. At present
the telecommunication ‘“highways”
between centres of population carry
thousands of messages — telephone
conversations, TV and radio signals, and
computer data — as signals in analogue
form. They are kept separate by sending
them at different frequencies — the
technique known as frequency-division
multiplexing (f.d.m.). With p.c.m., as is
well known, the messages are converted to
digital signals and messages transmitted
over the same bearer circuit are kept
separate by time-division multiplexing —
slotting the pulses from one source into
the intervals between the pulses of others.

Digital systems can provide the same
quality of performance as the present
analogue systems and may in future do
this at greatly reduced cost. They allow
much simpler signalling systems to be
used for routeing calls through the
network, simplify the multiplexing of
different signals and, for complicated
signals for TV and viewphone for
example, permit greater exploitation of the
transmission medium. In addition they
pave the way for the introduction of
cheapcr, quicker, switching systems using
methods operating directly on the digital
information under stored programme
control.

The decision to develop a digital system
for the U.K. trunk network stems from the
results of feasibility studies carried out for
the Post Office by GEC and Plessey in
1970-71. These studies confirmed that it is
technically possible to introduce a digital
system using the standard 1.2/4.4mm
coaxial cable pairs now in use for
multichannel f.d.m. transmissions.

Under development contracts, STC,
GEC and Plessey will design, develop,
manufacture and install systems
transmitting information at a rate of 120M
bit /s and compatible with the Post Office’s
existing 12MHz analogue system for
1.2 /4.4mm cables, using the same repeater
spacing, housing and power feed
arrangements. For this purpose, the Post
Office has set aside spare coaxial pairs in

its trunk cables between Guildford,
Portsmouth and Southampton. Each
system will be capable of transmitting up
to 1,680 telephone conversations
simultaneously by p.c.m./t.dm. They
should be ready for Post Office evaluation
early in 1975. The European Committee
for Post and Telegraphs has been
discussing standards for p.c.m. for a
number of years and recently decided that
30-channel systems should be one of the
recommended standards. The British Post
Office is now adopting this recommenda-
tion.

Defect inspection device

The Central Research Laboratory of
Hitachi. Japan, has developed a
recognition device, the “HIVIP, Mk 57,
that automatically detects, through optical
pattern recognition, defects in complicated
patterns such as i.c., lLsi. and printed
circuit boards. Development of this device
makes possible an unmanned optical
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inspection process and, as a result, a big
improvement in the reliability of products.
The device ts made up of a TV camera, a
defect recognition device, and a colour
display unit, which indicates the result of
the recognition (see photo). When the
object to be inspected is placed within
view of the TV camera lens, the camera
picks up the image and sends it to the
defect recognition device which checks
the image signal and determines whether
there is any defect or not, examines its
size and automatically rejects the defec-
tive product.

The defect recognition device can also
pick out only the defective part from the
image and show it on the display unit. One
method of automating this process was
devised by comparison with a normal
pattern (dictionary) that had already been
memorized. However, this method
requires massive information storage, and
positioning problems of input pattern arise
in setting it to the normal pattern.
Therefore operational costs and difficulties
increase. On the other hand, the Hitachi
defect inspection device does not
memorize the normal pattern but uses a
reference-free method of defect recogni-
tion. A defect-free normal pattern is
generaled by real-time mode from the
input pattern itself picked up by the TV
camera, and defects are detected
automatically from the difference between
input and generated standard patterns.
There is no need for a large memory unit
or positioning process, and a special
purpose processor that operates on real
time (1/60 sec. per image) has been
produced as the defect recognition device.
With this device, it is possible to automate
the old visual inspection method and
completely eliminate errors. Also, since
there is no process for memorizing a
normal pattern, the device starts operating
immediately, even with a new pattern.

Automatic defect inspection system developed by Hitachi. The device automatically detects,
by optical recognition, defects in complicated patterns. The defective part is displayed on
a TV screen.
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Receiving and transmitting aerials of telecommunications equipment designed by Page
Communications Engineers which links the copper mining operations on the island of
Bougainville with the mainland of New Guinea.

Telephone telemetry

A transmitter and receiver developed by
Danica Elektronik of Denmark enable
e.c.g. and other physiological and physical
data to be transmitted along ordinary
telephone lines or by radiotelephones, such
as may be used in ambulances.

The two small instruments, mains Or
battery powered, make up an f.m. carrier
system with a carrier frequency of
1700Hz and a frequency deviation of
+15%. They are directly coupled to the
telephone line to reduce noise. When
connected, a switch on the front panel
selects between normal telephone
operation and carrier transmission.

The input e.c.g. amplifier in the
transmitter is a balanced high input
impedance amplifier with a high
common-mode rejection ratio. The
amplifier output modulates the frequency
of an oscillator, which acts as a carrier fed
to the telephone line via a line amplifier
and an output transformer. In the receiver
the signal from the balanced input
amplifier is band-pass filtered, before it is
fed to the f.m. discriminator, to reduce
noise. The demodulated signal is fed to an
oscilloscope, which has provision for
direct read-out of the patient’s pulse rate,
and to the recorder output socket. The
timebase is calibrated for pulse rate
read-out at 25mm per second.

Stereophony pilot tone

With the increasing number of
stereophonic programmes, the B.B.C. has
been considering its policy in relation to
the transmission of the pilot tone which is

part of the stereo signal. Stereophonic
receivers are usually designed so that
when the pilot tone is present they switch
automatically to the stereo mode and
indicate that thiis has taken place.

Certain programmes, particularly those
made up of recorded items, contain both
stereophonic and monophonic contribu-
tions, and with these cases it is not
practical to switch the pilot tone on or off
between individual items. On the other
hand, it is not desirable to transmit the
pilot tone when purely monophonic
programmes are being transmitted.

The B.B.C. has therefore decided on the
following policy: During stereo pro-
grammes (or programmes containing
stereo items) the pilot tone will be
transmitted. Such programmes will
normally be shown as “stereo” in the Radio
Times. During wholly monophonic
programmes of substantial duration the
pilot tone will be switched off.

This practice will be applied to Radios
2, 3 and 4, as well as to Radio 1 when that
programme is transmitted on v.h.f. It will
not be possible, however, to apply it
immediately to the Radio 3 transmitters
serving the Midlands and the North.

Aircraft tactical simulator

An advanced flight simulator is being
“fown” by trainee and experienced
Nimrod crews after hand-over of the
equipment by the manufacturers, Marconi
Space and Defence Systems. Built as the
first of a number to be supplied to RAF
Strike Command, the simulator will
reproduce for twelve trainee crewmen all
operational facets of the Nimrod, which is
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an anti-submarine and maritime recon-
naissance aircraft.

The system is used to simulate
comprehensive anti-submarine exercises,
with all ship, submarine and aircraft
inputs, at a fraction of the cost of the real
thing and in secrecy. All operational
equipment, including the radar, sonar,
electronic counter-measures, tactical
navigation and weapon delivery systems,
is fitted in a replica Nimrod, to reproduce
actual missions, even down to engine noise
and low-level buffeting. The same exercise
can be repeated indefinitely to fix in the
minds of the crew the procedures
necessary for what is acknowledged to be
a most difficult form of defence.

Aid in spinal therapy

A miniature version of a Swedish-
developed force transducer normally used
for heavy industrial measurements has
been successfully applied to the treatment
of lateral curvature of the spine. A tiny
version of the ASEA “Pressductor” sensor
was implanted in a stainless steel
distraction rod used in the surgical
treatment of 12 patients with idiopathic
scoliosis — abnormal spine curvature —
at Gothenburg University Hospital,
Sweden.

The patients, none of whom reacted
unfavourably to the rod’s presence, carried
out isometric training during the
post-operative period. The system allowed
the axial load on the distraction rod to be
measured during these exercises.

Police computer aid

Glasgow City Police have on order what
is claimed to be the biggest and most
advanced computerized information
system in Europe. Based on an Argus 500
Computer, it is designed to aid the police
in their work in the Glasgow area. As well
as providing a control room, it will have a
message routeing system and a patrol and
traffic car location and status service. The
system will be suitable for extension when
the Glasgow City Police become part of
the Strathclyde Regional Police in 1975,
At this stage the Glasgow project is
experimental. When it is proved it will be
handed over by the Home Office as an
operational system.

In the control room each operator will
have two visual displays. One will show
the resources available to deal with an
emergency, and the other, using a display
with optical rear projection, will show the
location and status of available forces
superimposed on a map of the area.
This display will be kept up to date
by reports from a small push-button
control box in each patrol vehicle. An
automatic teleprinter message routeing
facility will replace the manual procedures
of the old teleprinter network. The facility
is capable of covering the whole of the
Strathclyde police area.
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The police computer will provide
information to a local authority computer.
This information can then be used for
statistical surveys and management and
resources planning. For immediate access
to crimmal records, the computer is
capable of being interfaced to a police
national computer at Hendon.

Drawing by computer

An experimental computer system
controlled by a paper “keyboard” has
been developed by IBM at Yorktown
Heights, New York, to convert freehand
sketches into fully proportioned drawings.
Placed at random on an “electronic
tablet”, a sketch and the paper keyboard
are simply touched with an electronic pen
to enter graphic or alphanumeric data for
processing by the computer.

The experimental system is designed to
speed the creation, filing and updating of
large volumes of graphic material such as
maps and engineering drawings. A rough
drawing, no matter how much out of
scale, can be automatically turned into a
finished product a few moments after the
assignment of proper dimensions. The
paper keyboard, through which the
automated computer functions are
controlled, can be shifted from one place
on the “tablet” to another to suit the user’s
working needs.

European weather forecast

centre

Within the framework of co-operation in
scientific and technological research,
eighteen European countries have agreed
to set up in Britain a European

One stage in the manufacture of the new
M9 memory units used in Honeywell’s
series 2000 computers. Dual-in-line i.cs
are being assembled to a printed circuit
board prior to flow soldering.

Meteorological Computing Centre. The
objective of the centre will be to carry out
research into forecasting for periods of
four to ten days ahead and eventually to
produce routine forecasts for these periods
for issue to the national meteorological
services in Europe and beyond.

The centre will require the use of a very
powerful computer and, for this reason, it
will be established initially at the Bracknell
Met. office and will make use of an IBM
360/195 computer recently acquired by
this establishment and recognized to be
one of the fastest in the world. The centre
will later move to new accommodation to
be. built at Shinfield Park, Reading, and
will be equipped with the most modern
computing and communications facilities
available. The centre will be manned by an
international staff of about 120 scientists,
systems analysts and data processing
staff.

The Meteorological Office at Bracknell
has been carrying out research into
medium term weather forecasting for a
number of years. To a great extent this
effort will be merged into that of the new
European centre.

IEA Exhibition — 1974

The tenth International Instruments,
Electronics and Automation Exhibition
will be held at Oympia, London, from
13th to 17th May 1974. The exhibition,
which takes place biennially, was last held
in 1972 when more than 700 companies
from 22 countries were represented. The
exhibition forms part of a regular cycle of
international exhibitions presented in
different years in Dusseldorf, Paris and
Milan. Exhibits eligible for inclusion will
be: all classes of professional and
industrial electronics; laboratory, scientific
and process control instrumentation;
machine tool controls and automation
equipment; computers and data handling
equipment; electronic and other com-
ponents, materials, services and ancillary
equipment.

Gramophone golden jubilee
Congratulations to the music and audio
monthly magazine Gramophone on
reaching its 50th birthday! To
commemorate the occasion, the April
issue contains — as its front section — a
replica of the first edition published in
1923.

Higher power Gunn diodes

The microwave output power obtainable
from Gunn diode oscillators is usually in
milliwatts — being limited by low
conversion efficiencies of typically a few
per cent and by problems of heat removal
from the active region of the devices. Now
Mullard, in their research laboratories at
Salfords, Surrey, have produced
experimental devices giving c.w. powers of
1 watt at 3% efficiency in the 7GHz
region. This performance has been
achieved by attention to the quality of the
cathode contact and of the heat sink —
the main factors limiting output power.
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Click? 1/6-

the contact is sure.

Above is a full size_illustration of a
really well-designed Battery switch at
s very low price yet heavily plated and
finished in the finest possible manner.

In cartons bearing the
Decko trade mark.

From all dealers. or in case of difficulty
write to the Manufacturers.

FBULGIN, ¢

9-11. CURSITOR STREET,
TEL HOLBORN 2072 CHANCERY LANE.E.CH. worKs CHISWICK

TRADE DE(KO MARK

A. F. Bulgin are celebrating their golden
Jjubilee, and marking the occasion is the
above advertisement for their first
product, a battery switch.

For improvement of contact the technique
adopted has been to optimize each of the
processing stages -— GaAs surface
preparation, evaporation conditions, metal
composition, definition of contact areas
and alloying of the contact — in terms of
their effect on the saturation current, as
determined from the short-pulse current-
voltage characteristic, and on the structure
of the metal-GaAs interface. Improvement
of heat-sinking has been obtained by
alloying the devices to the pin of the
package by means of an intermediate alloy
layer. Devices made using the metal
contacts and alloyed heat sinks are
claimed to have manufacturing advan-
tages, to be highly reproducible and to
have microwave properties comparing
favourably with those of epitaxially con-
tacted devices.

Briefly

Coals to Newcastle. Bi-Pre-Pak have sold
1,000,000 transistors to the inscrutable
dealers of Hong Kong.

Ultimate in accuracy? The absolute
accuracy spec. of the Hewlett-Packard
5061A cesium beam primary frequency
standard has been improved from + 1 part
in 100,000,000,000 to +7 parts in
1,000,000,000,000!

Montreux TV' symposimsm. The eighth
biennnial International Television Sympo-
sium and associated engineering exhibition
to be held in Montreux opens on May
18th for a week. One hundred papers from
12 countries are listed for presentation.

An audio department store is to be
officially opened by Lindair in Tottenham
Court Road, London, at the beginning of
May. An important inclusion is a 2000
sq.ft. studio in the basement for stereo and
4-channel demonstrations.
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A Digital Multimeter

3 — Construction

by D. E. O’N. Waddington, M.L.E.R.E.

In the previous parts of this article I have
described the various units which go to
make the multimeter. In this section 1
will describe how they are connected
together and how to set them up.

The interconnexion of the blocks
occasioned a lot of thought as I was torn
between the “minimum knobs” philosophy
and the desirability of making it possible
to subdivide the instrument into its major
functions. The latter consideration won
so that, in its final form, the instrument
has two function switches, one for the
Frequency/Time/Period (FTP) section and
the other for the Voltage/Resistance/Cap-
acitance (VRC) section, each having a
position which transfers control to the
other. Similarly there are two range
switches. Actually, this decision to split

TABLE 1 Function switches

the instrument into two sections simplified
the switches and wiring considerably and,
I feel sure, reduced many of the problems
which otherwise might have arisen. Not
the least of these is ensuring that the
wiring is correct.

Table 1 shows how the function switches
are arranged. If the FTP function only is
required, all that is necessary is to delete
the VRC position on S,, reducing this to
a three position switch, to delete S, and to
permanently wire the connexions required
for S, position 4. In pracuce this will only
be S,,; the other connexions will not be
needed as the relevant sections will have
been omitted anyway. A similar exercise
could be carried out if only the VRC
functions were required.

The wiring of S, is not at all critical

FTP
Function VRC . Frequency Time Period Wafer
Position 1 Position 2 Position 3 Position 4
time base selector 100kHz(7,1) Time Range Switch (S ,) Sha
control Iogic_— o 52 5.3 5.2 52 S b_*
control logic -5_11 511 5.11 — S
control logic 5,10 —_ 5,10 = S 4
;:omrol log; — 5.4 54 - 5.4 S e_‘—
(;;:in;al_poi_m_(l;TP) — S, wiper S, wiper S . wiper S
;c_im_al point (VRC) Sy w};;r = — — S
‘(;;r;r:exnon notation —__first_ number in_bra;ts refers to Fig. No. in Part 2 of the article, second
number to pin number on this diagram. E.g. (5.2) refers to one input to gate 1€, is Fig. 5. Part 2.
VRC
Function Voltmeter R [ FTP Wafer
Position 1 Position 2 Position 3 Position 4
control logic/decimal point FTP 512 5,12 5,12 S, wiper S.a
;:ir;rpoim VRE.— S, wiper —_ S |, wiper — SJb
polarity indicators/A.D store to lamps — 9.4 9.4 Swi_
capacitance meter (store)— 10,9 10.9 — 10.9 S
voltn:\eter gain Sy wiper = = —_ Sie
-R7C:rrem selt;;or_ "N — S, wiper S,4 wiper F— S
C/R input - S n(2) 10,6 — S
;;;:t amplifier (8,6) S, wiper S.gl2} E - E S R
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as the leads to it only carry d.c. However,
the wires to S,.r,pn are more sensitive.
Hum pick up on S, or S, could be a
problem, so it is advisable to keep these
away from the power supply section. Stray
shunt capacitance or resistance could
prove troublesome on S, and, to con-
nect the capacitance-measuring Ccircuits,
short stiff wires should be used, positioned
so that they are not close to any other
wires or to the chassis. If possible, use a
low-leakage switch wafer.

The functions of the two range switches
are shown in Table 2. The wiring of the
FTP range switch is non-critical. Tt will
be seen that the first position of this switch,
when used for frequency measurement,
is called “Test” and is used to check the
filaments of the indicators. With the switch
in this position, the indicators should all
show “8”. This position would imply that
there is an effective full scale range of
199MHz, which is well beyond the cap-
abilities of the counter, so it is as well to
inhibit its use in this way. Range indica-
tion is accomplished almost entirely by
decimal point switching. I chose this
method as it reduces the sign-writing on
the front panel considerably!

The VRC range switch has a non-
critical section, Ssapcq, and a section
sensitive to hum pick up and strays,Ss ¢ 4.
In order to reduce these effects to a mini-
mum, I mounted the input amplifier (77,
Tr,, IC, and associated components (Fig.
8 in Part 2) on the back of S adjacent to
Sseq> mext to the a.v./d.v. switch S, and
the input socket. The earth returns for
R,, C, and the wiper of S, are taken to
the input socket earth to reduce errors
which might be caused by earth currents.
The attenuator resistors R,, R,, R;, Ry
and R,, determine the range-switching
accuracy of the voltmeter, and fortunately,
it is the ratios rather than the absolute
values which are important. If at all
possible, these resistors should be of the
metal-film variety to achieve the best
stability. Wire-wound resistors could be
used but even with “non-inductive” wind-
ings the residual inductance would prob-
ably limit the upper frequency cut-off to
a few kilohertz.

The “Prime” switch is used only for
time measurement and should preferably
be biased in the “off” position.

In general the interconnexion of the
boards within the instrument is not critical
but it is as well to observe the following
precautions:

1. Wire the supply lines to each board with
separate leads from the power supply so
that there are no common supply paths.
2. Wire the earths separately to a common
point at the junction of the chassis, centre
tap of mains transformer, and input
smoothing capacitors. The 5V earth should,
of course go to its own stabilizer earth
point.

3. Do not screen the FP input lead as this
will impair the sensitivity athigh frequencies.
4. Keep the lead from the capacitance
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Fig 1. Interconnexion diagram.
measuring input terminal as short as pos- TABLE 2 Range switches
sible to reduce strays. (My own prototype FTP
has a constant error of 24pF due to strays.) Function Position Position Position Position Position Position Wafer
1t is most convenient to build the circuits 1 2 3 4 5 6
on matrix board such as “Lektrokit” or frequency test i g MHz ksz
“ ”» g Q time milliseconds seconds
Veroboar‘d . Avp@ the types wlpch have period Rl -
copper strips as it is extremely difficult to select time 10kHz 1kHz 100Hz 10Hz 1Hz Sia
work out suitable wiring runs! Most of base 100kHz
the components used in the instrument dec. point frg.  — 4,15 414 4.16 4,15 414 Sib
are generally available. The polarity indi- dec. point T/P 4,15 4.16 — 4.15 4.16 — Sic
cator, however, had to be home-made as
1 could not find a suitable incandescent VRC
mdlcaFor. The .con.structlon of this indi- Function Position 1 Position 2 Position 3 7 Position 4 Wafer
cator is shown in Fig. 2. - - -
v voltage m
Before finally wiring the power supply s KO
to the other parts of the instrument it is capacitance nF
as well to check that it is functioning dec. point volts 4,16 4,14 4.15 4.16 S5a
correctly. To do this, connect a 2202 W dec. point R/C = 4.16 4.15 4.14 S5b
resistoryfrom the + iZCV raif to earth and current source (R)  10,2(1uA) 10.3(10uA} 10.4(100uA) 10.5(1mA) S6c
. current source (C)  10,5(1mA) 10.4(100uA) 10,.3(10pA) 10.2{1pA} Sbd
another from the —I2V rail to earth. A voltmeter input att. 8.3 8.3 8.4 8.4 SSe
1002 5W resistor should be connected from voltmeter gain 8.6 — 8.6 — S5f

wuwaaLamericantadiohistopns.com
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the +5V rail to earth. These resistors
simulate the operational loads on the reg-
ulators. Monitor the + 12V rail and set it
to be correct + 1% using R, in Fig. 3 of
Part 2. The negative rail should now be
—12V + 1% provided that R, and R,
have been selected to be equal. The 100Hz
ripple on these rails should be less than
2mV p-p. The voltage on the 5V rail should
be correct to within + 5% and the ripple
should be less than 50mV p-p. Excessive
ripple will indicate either that the input
voltage to the regulator is too low or that
C, is not completely effective. When it is
ascertained that the power supply is work-
ing correctly, wiring should be completed
and the instrument is now ready for
setting up.

Setting up

This is far less difficult than the complexity
of the instrument would suggest. The test
gear required falls into two categories,
setting up and calibration.

The former consists of the following:
an oscilloscope (preferably d.c. to 6MHz),
an Avo or equivalent meter, a signal source,
(1kHz, 10kHz, 50kHz), and a d.v. source
(1.5V-nominal torch battery). Calibration
equipment includes: a frequency standard,
a known d.v. source, known 1k, 10kQ,
100kQ2 and 1MQ resistors, and a known
capacitor 100uF. The standards need not
necessarily be accurate provided that
their values are known accurately.

It is most convenient to start by check-
ing the FTP aspects of the instrument as
this section should require the least
adjustment. Pin numbers, for example
7,2, refer to the Fig. number in Part 2 of
the article (7) followed by the pin on that
diagram (2).

Master clock This circuit, shown in Part
2, Fig. 7, should be tested first as it pro-
vides the timing signals for the rest of the
instrument. Set the switches as follows:
VRC function switch S, to “FTP”.

FTP function switch S, to “Frequency”.
FTP range switch S, to position 1.

The clock output at 7,7 should be an
approximate square wave with an ampli-
tude of 5V p-p and a frequency of 100kHz.
If standard frequency source is available,
the crystal frequency may be set to pre-
cisely 100kHz by adjusting C,. The best
way to do this is to apply the standard to
the y input of the oscilloscope and the
crystal oscillator output to the x input
and to set the x and y gains to produce a
Lissajous figure, adjusting C,, to give a
stationary picture. The standard need not
necessarily be 100kHz; any integral
multiple or sub-multiple, provided that it
is not more than 10 times, can be used.
Using this method it is possible to set the
frequency to be correct to within less than
0.1Hz (1 part in 10%). If no frequency
standard is available, the best approach
is to replace C, and C, by a fixed S0pF
capacitor, when the crystal frequency will
be correct to within about + 3Hz.

54c1

8,7

6V 40mA lamps
| (L.e.s.) & hoiders

|
g

\wooden block

scratched through
emulsion

over exposed fiim
(glued to wooden block)

Fig 2. Polarity indicator construction.
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Fig 5. Period meter waveforms.

WwwWWwW.americanradiohistorv com

Wireless World, May 1973

Set the FTP range switch successively
to its other five positions and check that,
at each step, the frequency of the output
at 7,7 decreases by a factor of ten.

Input Wave Shaper. Monitor the output
at 6,2 on the oscilloscope. Connect a signal
of approximately 100mV to the Counter/
Period input. If possible the signal should
have a frequency of the order of IMHz
but 1kHz can be used, provided that the
oscilloscope has a trigger level control.
The output should consist of positive-
going pulses having an amplitude of 5V
and a width of approximately 170ns.
If a low test frequency is used, it will be
virtually impossible to see these pulses on
the oscilloscope screen because of the
small duty cycle. However, by adjusting
the trigger level control, it should be pos-
sible to detect that the output is present
even if it cannot be measured by setting
the trigger level so that, when the signal
is present, the time-base just triggers. When
the signal is disconnected, the time-base
should no longer fire.

Decoder /display. There are really no tests
which can easily be carried out on this
section. The indicators can be checked to
ensure that all of the segments are wired to
the decoders (SN 7447N) and that they all
light by setting the FTP range switch to
position 1 and the FTP function switch to
“Frequency”. All segments should now
light except for the most significant digit
which may be 1 or 0. This test, however,
only shows that all wires are connected
but not that they are necessarily correct.
Crossed connexions only show up later
when indecipherable digits appear!

Counter, store, control logic and timer
control. This should be tested by checking
each of the three functions, Frequency,
Timer, Period.

Frequency. Set the FTP range switch
S, to position 6 and apply a signal
of approximately 1kHz at a level of about
1V to the Counter/Period input. The
waveforms should be as shown in Fig. 3
and the display should show the frequency
in the form 1.000kHz. The waveforms at
the collectors of Tr,, Tr, and Tr, will pro-
bably not be discernible on the oscillo-
scope but their presence may be verified
by checking that they trigger the time-base
as described above.

Timer. Set the FTP function switch to
“Time”, the FTP range switch to position
4 and depress the “Prime” switch S, The
conditions shown at “1” in Fig. 4 should
then exist. Connect the “Run” input to
ground and check that the conditions are
as shown at “2” in Fig. 4. Connect the
“Stop” input to ground, when the display
should show the time interval between
earthing the two inputs.

Period. The method of checking this func-
tion is similar to that used for checking the
frequency counter except that it is advis-
able to use a low input frequency such as
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Co correct

C, too low

C5 too high

Fig 6. Setting frequency response using a
square wave.

50Hz and to set the range switch to
position 2. The display should show 020.0.
The waveforms are shown in Fig. 5.

As shown above, there is virtually no
setting up required for the FTP functions,
only checking that it all works! However,
if any function does not work, suspect the
wiring first of all as this is the main cause
of non-working digital circuits. I know
that this should be obvious but the wiring
here is slightly more complex than usual,
mainly because of its quantity and the fact
that it is interconnexion between similar
“black boxes”. If the wiring is correct,
however, and things still refuse to work,

the only course is to check waveforms
throughout the circuit working methodic-
ally from the inputs to the outputs.

The VRC functions of the instrument
require a great deal more setting up as
they rely on linear rather than digital
circuits for their operation.

Voltmeter. Set the controls as follows:
FTP function switch S, to “VRC”, VRC
function switch S, to “V”, VRC range
switch S, to position 2, and d.v./av.
selector S to “a.v.”. Short the input con-
nexions, and set R, (Fig. 8, Part 2) to
mid-travel.

Monitor the voltage at 8,10 and adjust
R, so that the voltage at this point is as
near to zero as possible. Short point 8,10
to earth. Monitor point B, (Fig. 9 Part 2)
with the oscilloscope and adjust R;; so
that the amplitude of the triangle wave-
form seen at this point is as near to zero
as possible but still present. (This compen-
sates for the offset voltage of IC,)
Remove the short circuit from 8,10 and
re-adjust R so that the triangle amplitude
is again as small as possible but still
present. Set the a.v. /d.v. switch to d.v. and
apply a direct voltage of between 1 and
1.9V to the input. Note the reading on the
display (x). Reverse the polarity of the
input and note the reading on the display
(—»). Adjust R, (Fig. 8) so that the
display shows (x + »)/2. Repeat these two
steps until x = — .

Apply a known voltage of between 1
and 1.9V to the input and set R, Fig. 9 so
that the instrument indicates the correct
voltage.

The waveforms to be expected in the
circuit of Fig. 9 are shown in Fig. 9a.

Fig. 7. Interior of multimeter. The two “‘opened-out” boards are the resistance/
capacitance circuit (left) and the power supply stabiiizers. The three boards in
the chassis are, left to right, voltmeter, control logic and master clock/input
shaper.
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Semiconductors

Power Supply

Ty BC109
T,,;5 BCY72
L= BC108
Tre 2N2218
Display

Thi0 BC108

T,  2N2904
D,,  1N4001
D,  BZY886V8

IC,  LM309K

IC,., SNT447N

Indicator FUJI MINITRON 3015F (supplier

KGM Electronics)

Counter, store, control logic, timer control

T, , BSX20
IC,.s SNT400N

1ae  SNT490N
IC,_,, SNT475N

Input wave shaper
Try 55 BC108

Master clock and divider

T,,  BCIO8
IC.,  SN7490N

IC;, SN7403AN
IC, SN7472N
IC,, SN7473N

T,,ss BSX20

T, BSX20
gates DTL946

Input amplifier, rectifier and polarity indicator

WAMA-amekieanradiohistor~=eem

T, TIS68 IC,, uAT41

T,.; BCI08 IC,” NS5556

T, BCY72 D, , 1N4148

A.-to-d. converter

Ty BF244B iC, uAT41

T,0,, BCI107 IC, SL702C9
(Plessey)

T,1,,5s BSX20 iC, SN7400N

T,5,0 2N28%4 ic, NS7402

Ty6 BC108 D, IN821,
IN823,
IN825

Jaet BCY72 D,,, 1IN4148

Capacitance/resistance measuring circuit

T, BC252C iC, DTL930

T,,,. BF244B D, BZY88C4V7

T, BC107 D, 1N4148

76,9 2N2894 D, BZY88C8V2

T,,  BSX20

Semiconductor equivalents

BC107 BC171, BC207, BC237, BC507

BC108 BC172, BC238, BC508, BC208

BC109 BC173, BC239, BC209, BC509,
2N2484

BCY72 BC205, BC308, BC405

BSX20 2N2369

2N2218 2N2219, 2N4918

2N2904 2N2905, 2N4921

TIS68 FM3958 (National Semicon-
ductors. Connect the substrate
to OV)

BZY88C4V7 ZW4.7, Z5B4.7, HS7047
BZY88C6V8 ZW6.8, Z5B6.8, HS7068
BZY88C8V2 ZW8.2, Z5B8.2, HS7082
SN7400N  FJH131, FLHi01
SN7402N  FJH221, FLH191
SN7403AN FJH301A, DTL946

SN7447N 9317 (Fairchild)

SN7472N  FJJ111, FLJ111

SN7475N  FJ1J181, FLJ151

SN7490N FlJ141, FLI161

DTL946 MC846, (SN7403N, FJH301A
with 2.2k pull-up resistors)

NS5556 MC1556

2N2894 MPS3640

1N4148 IN914, 1544
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When the d.v. aspects of the voltmeter
have been set, the only aspect of a.v.
measurement to be set is the frequency
compensation of the input attenuator. This
is probably most easily done using a
square wave but a sine wave method can
be used as an alternative.

Square wave method. Set the a.v./d.v.
switch to a.v. Set the VRC range switch to
position 3. Apply a 1kHz square wave
with a peak-to-peak amplitude of between
6 and 20V to the voltmeter input. Look at
the output at pin 6 of IC, with the
oscilloscope. Adjust C, to obtain the best
possible square wave. See Fig. 6.

Sine wave method. This is only valid if the
output level of the sine wave can be relied
on to remain constant regardless of fre-
quency.

Apply a 1kHz signal of approximately
10V r.m.s. to the input and note the
reading on the display. Set the frequency
to 50kHz and adjust C, to restore the
reading. Some frustration with this method
can be avoided if one takes the precaution
of disconnecting C, (Fig. 8) thus speeding
the settling time of the instrument.

Resistance measurement. To set up the
resistance ranges, some accurate resistors
are essential. The preferred values for this
test are 1kf2, 10k and 100kf2 and
1M£2, and the procedure is as follows: set
the VRC function switch S, to “R”, set
the VRC range switch to S to position 1,
connect the 1M resistor between the
R/C terminal and earth and adjust R, so
that the display shows 1000.

Set the range switch to position 2 and
with the 100k resistor connected
between the input terminals set R, so that
the display shows 100.0.

Carry out the same procedure for posi-
tions 3 and 4 using the 10k and 1kQ
resistors and setting R, and R, to obtain
readings of 10.00 and 1.000 respectively.

Capacitance measurement. Once the resis-
tance meter has been set up there is only
one adjustment for setting up all the
ranges. 1 set up the 1999 nF range
because I had access to a 150 nF +
0.25% capacitor, but it should make little
difference which range is used for calibra-
tion. However as there will be stray capac-
ity across the input terminals, it is pro-
bably as well to do the setting up on a
high rather than a low range. The proce-
dure is as follows: set the VRC function
switch §, to “C”, set the VRC range
switch S to suit the standard capacitor
being used, and adjust R,, (Fig. 10, Part
2) until the display shows the correct
value. All of the capacitance ranges are
now calibrated.

If this setting up procedure is followed
and if the standards are stable, the instru-
ment should now meet its specification.

Correction
(a) In Fig. 9 of Part 2 of the article, Tr,
and Tr, were incorrectly shown as BC2

448, They should be, as shown in the
component list above, BF244B. (b) Fig. 11

was, we thought, amusing but unhelpful.
We apologize for the mirror-image and
print it again the right way round.

+5v +12v

Try,

R
—12v

Fig. 11. Method of driving f.e.t. switches
from 5V lines.

Correction

We regret the introduction of several errors in
the article on a “Versatile Triangle Wave
Generator” in the February issue. In the third
column on p.87 the numerator in the
expression should be “I” not “1”. A draughting
error in Fig. 4 made nonsense of the author’s
statement that “the frequency can be read
straight from the Helipot dial as shown in
Fig. 4”. The redrawn figure is reproduced
below. In the second paragraph of the constant
current generator section (p.88) 7r, should
read 77, and, in the last line of this page, R,
should read R,.

The components lists apply to Figs. 2 and
3 and Fig. 7.

The author points out that although he used
a 2N4061 any silicon p-n-p transistor could be
used.

1200
Cy=10n

1000

g

600

FREQUENCY (Hz)

8
|
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Books Received

The following is a selection of books from a
new series for those interested in electronics
and allied subjects. The first list of books,
which originate from America, contains twenty
titles and the books are published by a new
imprint Foulsham-Tab.
Transistor Circuit Guidebook by Byron Webs
contains practical circuits from tuners and
amplifiers to test equipment and counter
circuits. Pp.219. Price £1.20.
Beginners Guide to TV’ Repair by George
Zwick provides instruction in the basics of
television to help the beginner understand how
a TV receiver works, what may go wrong with
it and how it should be serviced. Pp.171. Price
£1.00.
Advanced Radio Control by Edward L.
Safford Jr, discusses the fundamentals of
advanced radio control and describes the basic
systems used. Pp.192. Price £1.00.
How to Read Electronic Circuit Diagrams by
Robert M. Brown and Paul Lawrence contains
a guide to translating circuit symbols,
information on the components they represent
and about the circuits in which they are used.
Pp.189. Price £1.30.

All these books are published by
Foulsham-Tab Ltd, Yeovil Road, Slough, SL1
4JH.

Logic and Logic Design by B. Girling and H.
G. Moring is an introduction to Boolean
algebra and its application to the fields of
switching circuits, the solution of logic
equations, the logic design of digital circuits,
sequential machines and synchronous logic. It
covers the computer science requirements for a
B.Sc. degree. Using modern mathematics, the
authors concentrate on the logical concepts
involved rather than their implementation so
that no detailed electronic circuitry is included.
The book will be of value to science and
engineering students whose courses include
applied Boolean algebra. Pp.328. Price £5.80.
Intertext Publishing Ltd, 24 Market Square,
Aylesbury, Bucks.

Sound with Vision: Sound Techniques for
Television and Film by E. G. M. Alkin is
concerned with the art and craft of sound
operations in association with television picture
production. The book is intended primarily for
the instruction of television sound operators
and in describing technical subjects. a basic
knowledge of electronics is assumed. The
subjects covered are also of increasing interest
to the film-making industry in the light of
current trends and developments. The book
discusses the problems encountered in the
simultaneous production of sound and pictures,
giving practical instruction in methods of
solving them and examines the philosophy of
equipment designed to meet the resulting
requirements. This work is intended to be
complementary to existing literatiire on sound
and to avoid duplication. Where subjects are
already fully documented, references are given.
Although dealing mainly with sound in
television, the subject matter also covers many
aspects of film sound technique. The book is
split into four parts (1) fundamental
considerations (2) microphone technique for
continuous take production (3) technical
facilities and (4) sound operational practice.
Pp.283. Price £6.00. Butterworth & Co. Ltd.
88 Kingsway, London WC2B 6AB.
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Meterless Transistor Tester
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A portable instrument capable of resolving current gain and leakage

by J. Lewts, B.sc.

A need arose in the workshop for a portable,
compact and reliable transistor tester which
could be used to check all types quickly and
also give an accurate value of hpg. In the
interests of economy and durability it was
thought that perhaps an instrument without
a meter would be preferable. Of the many
described in the usual literature only one
was found which readily fitted the specifi-
cation—that described by D. E. O’'N. Wad-
dington*. This tester used a meter, though
not in the normal current measuring con-
figuration, as it measured the voltage de-
veloped across the emitter resistor. Fig. 1(a)
shows the usual type of circuit used in which
a known base current is injected into the
transistor under test and the resulting col-
lector current is measured by a suitably
calibrated meter. In Mr Waddington’s
design Fig. 1(b) the meter is used as a volt-
meter the reading of which is proportional
to the current flowing through the resistor
R;.

The theory of this circuit was fully de-
veloped in the original article; an alter-
native approach is used here to describe the
operation of this particular instrument.

In the common collector configuration
(Fig. 2)

Iy = Ig(hpg+1)

1 7 S
also = —
s E= R,
V,—V;
and Iy = 42
Ry
Therefore, combining the above gives:
VE VA_ VB
— = ——(hpg+1
RE RB ( FE )

If we neglect Vg for the moment, Vg = V¢
and rearranging we get:
Ry Vi-Vg

= h 1
R, v, (hpg+1)

V, and Vg can be conveniently chosen so
that

VA_ VE =1
Ve
(in the prototype, Vz = 2V and V, = 4V)
Provided hgg > 20
R
heg = —R—B

E

Further development

If Ry is chosen to be a linear variable resistor
of, say, 250k and Ry is 1kQ then the A
can be measured directly on a scale cali-
brated from 0-250 over which a pointer
attached to Ry rotates. In operation a volt-
meter monitors the voltage developed across
Ry whilst Ry is gradually increased in value,
the gain being the scale reading when the
meter registers 2V. The meter can be dis-
pensed with and an op-amp used as a
voltage comparator connected in its place
which then compares the voltage across Ry
with a suitable reference. The circuit for an
op-amp being used as a voltage comparator
is given in Fig. 3 and the threshold or trig-
gering voltage E; is determined by the

*“Transistor Tester”, Wireless World, June 1970.

Vs
0
(a)
Vs
Ig
Ig
Rf Va-lf
o
(b)

Fig. 1, Alternative measuring techniques.

wa . americanradiohistornn.com

values of R, and R, such that

R,
Er = — Eref R—
2

The prototype used a mercury cell, em.f.
1.4V, asthe reference and since the threshold
voltage had already been chosen as 2V,
suitable values for R, and R, were 3kQ and
2.1kQ respectively. Of course, the reference
voltage has to be of opposite polarity to the
threshold voltage and a suitable switching
circuit has to be used for n-p-n or p-n-p
devices.

A breadboard of the simple circuit de-
scribed above was made and proved excel-
lent and it was then decided to extend the
usefulness of the instrument by incorporat-
ing various refinements—these are extras of
course, and can be omitted. Ry was made a
variable 50kQ) resistor with a number of

7 +
Ry
>
Re
~ B AAAT &
Ig - s
Va ERI Vs Ve
= v & h. =t

Fig. 2. The common collector configuration.

Fig. 3. Voltage comparator.
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R4
R VY l
Ryp—YW—0, 3 2 . oc
Ry MV—0 S3 o Ras
R ¢—AA—0
'_5_ 2 —o0 B
Raa Re = 0*1
Ry ¢ rA—B jg 10 Ok
Rg
Rg
R20
Rig
R1s
R17
Rie
R1s
R4
R13
R12
R11
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$4a_$4b ganged

Fig. 4. Circuir diagram of tester.

fixed resistors—all multiples of 50kQ—
which could be switched in series with the
variable one, thus extending the range and
giving better resolution. In some cases it is
desirable to know Ay at different collector
currents and in order to measure this, whilst
also providing an indication of leakage, the
emitter can be connected to a number of
different resistors all providing a different
function. Since these vary from the original
1kQ value, a factor has to be introduced for
each one by which the gain reading is multi-
plied. The values of these extra resistors and
their factors are given in Table 1.

The prototype fitted easily into a diecast
box, 73x 43 x3in. The layout does not
appear critical. The resistors were mounted
on tag strip whilst the op-amp was fitted,
crudely, onto turret tags. The batteries are
held in position by sponge. On the lid were
mounted the controls together with two
sets of sockets to cater for the different base,
collector and emitter lead layouts in both
TO-5 and TO-18 sizes. Spring terminal
posts cater for the odd devices which won’t
fit into the sockets.

The calibration of the instrument initially
is critical if consistent results are required.
It is necessary to set V, accurately and a
variable resistor R, is adjusted until the
potential is correct. A compromise has to
be made here to allow for the Vgp of the
devices. In the prototype Fig. 4, V, was set
at 4.4V using R,, though there is no reason
why a switch could not be provided to allow
one to choose either the relevant value for
germanium or silicon transistors. ¥, is set
at 8V using R,,. The markings for switch
position numbes are given in Table | for S,
and Table 2 for 5;. The test position is cali-
brated using R,¢ until the voltage across
R, sV,

The scale for Apg is marked out using a
suitable ohmmeter across R,¢ which is dis-
connected from the circuit. At 5kQ mark
0.1, at 10kQ mark 0.2 etc. With S, at test,
the indicator light should be off if S, is in
the p-n-p position. R,, is rotated until it
comes on and then backed off until it just
extinguishes. If one now switches to n-p-n
the tight should remain out though a slight
turn either way should bring it on. If this
does not work check that 8V is available at
the collector terminal C.

Operation

To use the tester one first has to set the
voltage V, by adjusting R,, as outlined
above. The transistor is plugged in and S,
put to the correct position. R, is then ad-

TABLE 2

S3 position

Function

S O0VWONOO H~»WN =

N

hee
hee
hee
hee
hre
hee
hre
hee
hre
hre

I
S WO P WN =

(Dm\IOILInwa—'O
o

L | 1 T (A T

~

2
S

justed in conjunction with S; until, with
n-p-n devices, the light comes on, or, in
the case of p-n-p ones, it goes out. The value
of A can then be read off using the correct

TABLE 1
. — . e
S, position Function Multiplying factor Resistor value
1 TEST connected to Rys and Rz
2 fo = 2mA x 50 1kQ
3 I, = 4mA x 100 500Q
4 /. = 8mA x 200 250Q
5 l. = 20mA x 500 100Q
o 6_ fe _= 40mA B _x1000 - 50Q
7 lo = THA 2MQ
8 lo = 10pA 200kQ
9 /o = 100pA 20kQ
10 leeo = TMA 2kQ
1 lo = 10;A7 N 200Q

www_americanradiohistorv com
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A general view of the prototype tester. In
the centre is the hgg dial. The range switch
is bottom left and emitter current selector,
bottom right.

multiplying factors. A faulty transistor is
shown by the light either remaining on or
off over the full range.

Leakage current can be gauged by switch-
ing to Icgo on S;. The light will go off if the
leakage is too great for n-p-n or conversely
on for p-n-p. By switching to various values
of S, an indication of the leakage current
can be obtained by noting when the state of
the lamp changes. To distinguish between
unmarked n-p-n or p-n-p types, S; is turned
so that the base is shorted to the emitter
with R,s at 0. Switch alternately to p-n-p
and n-p-n whilst slowly rotating R,s. The
position of S, which gives a change in

e

indicator state is the transistor type. Diodes
may be checked by connecting them be-
tween the E and C terminals with S, in the
2mA position. When the cathode of the
diode is connected to the C terminal the
light shouid remain on when S, is switched
from n-p-n to p-n-p, and if the anode is at
this terminal the light should remain off
when switching.

Once one has gained some familiarity
with this tester it is surprisingly easy and
quick to use. Transistors can be tested
almost as quickly as they are plugged in.
Should a simpler tester be required then S5
and S, could be omitted making R, 5 250kQ
and leaving just ‘R4 in the emitter circuit.

Components list

Resistors

1 50k 15 2MQ

2 100kQ 16 50Q

3 150kQ2 17 100Q2

4 200k 18 250Q

5 250k 19 500Q

6 300kQ 20 1.0kQ

7 350kQ 21 100Q2

8 400k 22 2.1kQ

9 450kQ2 23 3.0kQ
10 1.0kQ 24 220Q miniature skeleton
11 200Q preset
12 2.0kQ 25 50k w.w., standard size
13 20kQ 26 470Q) skeleton preset

14 200kQ 27 1k miniature carbon
All resistors should be either 19 tolerance or
selected values.

Switches

1 4 pole, 2 way rotary

2 4 pole changeover, miniature lever key
3 1 pole, 12 way rotary

4 2 pole, 12 way rotary

C 0.1uF

1
IC, 799 type op-amp, d.i.l. or TOS5 package
Try BFY 50
LP, any suitable panel light with bulb rated

at 6V, 60mA
B,, B, suitably sized 9V battery
B, 1.4V mercury cell (RM625H or similar)

World-wide Mobile Communications and

Surveillance via Satellite

A conference dealing with long-haul aero-
nautical and maritime telecommunications
and the use of such systems for surveillance, and’
the consequent traffic control ability, was held at
the Institution of Electrical Engineers, London,
on March 13th to 15th.

The conference got off to a sobering start
with the opening address by Professor Sir
Herman Bondi, Chief Scientific Advisor,
Ministry of Defence, who suggested that the
biggest gap now existing in communications
generally is our “ignorance of ourselves”,
considering how little is known about how
human beings actually influenced each other
when communicating. He further considered
redundant or peripheral information or, to use
his words, “sweet nothings in conversation”, as
an entirely necessary function forming an ad-
juster of the “mood faculty”, presumably
controlling one’s receptive ability during dis-
cussion. From this, Professor Bondi drew a
necessary distinction between communicating
on an impersonal, instructional basis and
communicating on a more personal, conver-

sational basis. The conclusion was that thought
must be given, in this light, to what type of
telecommunications link was really required. He'
further felt that all the expense and interest
shown in the sphere of aircraft and shipping
surveillance could be justified, on an in-
formation/instruction basis anyway, where
continuously monitored conditions, in respect
of aircraft flight paths and shipping lanes, are
not yet normal.

Because of the technological difficulties en-
countered with airborne and shipborne
environments, Professor Bondi viewed mobile
communications as a leader in the field of
satellite communications. This work was
directed towards the least inconvenient and most
practical solutions which will eventually affect
our social environment.

In all, 33 papers were presented at the con-
ference, many of which provoked lengthy
discussion. An attempt to view the world
wide interest and activity in perspective,a paper
entitled “The institutional bottlenecks affecting
mobile sateliite communication”, given by D. O.
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Fraser of the British Aircraft Corporation,
was entirely successful and many of the points
brought out ran like tracers throughout the
conference.

Theoretical studies of systems were plentiful,
although many parameters, at this stage of
evolution, are tending to become standardized.
These include frequencies to be used, number of
usable channels, channel widths and system
access capability.

Although satellite frequency allocations have
been confirmed at the World Administration
Radio Conference for Space Telecom-
munications in Geneva (1971), studies were
presented on the subject of analytical and
applied methods of selecting and proposing the
range of what may be called optimum freq-
uencies for use in ship or aircraft to satellite
communications links.

Results of experimental work carried out
using existing geostationary satellite systems
such as Intelsat IV and the UK. Skynet were
presented, and these should go a long way in
helping system designers and engineers to
specify, knowingly, nearer to the optimum range
of parameters in Aerosat or Marisat systems.

Details of progress of some institutional
programmes and studies were given, firstly by
Dr. J. Vandenkerkhove, of the European
Space Research Organization, Netherlands, who
put forward the findings of the design study
for their Aerosat proposal for a satellite covering
the Atlantic region. Later G. H. Booth, of the
Communications Research Centre, Canada,
gave a paper entitled “The Canadian/U.S. high
power Communications Technology Satellite™
which described a programme devoted to the
advancement of technology for future gen-
erations of high power satellite systems. The
C.T.S. should be launched in 1975 by the
National Aeronautics Space Administration,
U.S.A., and one significant point in the system
is the use of the 11 and 14GHz band for earth
station to satellite and satellite to earth station
communication. This was of greater interest
later when, further on in the conference, R. A.
Bedford and S. R. Temple, both with the Dir-
ectorate of Radio Technology, Ministry of Posts
and Telecommunications, said it was likely that
the Ministry would recommend the 11 and
14GHz bands for earth station to satellite
links.

E. J. Martin, of the Communications Satellite
Corporation, U.S.A., announced a Cosmat
contractural agreement to provide a working
satellite service for the U.S. Navy, from late
1975, which may, at a later date, provide
communications in the L-band region (approx-
imately 1550MHz) for the merchant services.
Two satellites are involved in this system,
giving multibeam coverage of the Pacific and
Atlantic areas.

Throughout the entire conference questions
relating to the whole philosophy of mobile
communications were being asked. In an attempt
to clarify the system requirement several
papers were given, by prospective users of
both Aerosat and Marisat systems, who pointed
out that although the institutions represented
at the conference had gone some way towards
providing desirable specifications regarding
a usable economic system, significant areas had
been missed or glossed over. It was suggested
that this was due, in part, to a lack of liaison
between the working institution, who would
presumably have heavy involvement with
future operating agencies, and the aero-
nautical/maritime user.

The 197-page L.E.E. Conference Publication,
No. 95, is available from Publication Sales
Department, Institute of Electrical Engineers,
Station House, 70 Nightingale Road, Hitchin
Herts. The Price is £5.00 for members and
£7.60 for non-members.
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Circards — 6

Constant-current Circuits

Introducing the constant-voltage dual

by J. Carruthers, J. H. Evans, J. Kinsler & P. Williams*

For every circuit using a constant-voltage
element or sub-section there is a dual
circuit based on constant-current
properties. That such circuits are less

common and often misunderstood is
partly for historical reasons, stemming

from the lack of sources of electrical
energy having constant-current charac:
teristics. One cannot draw out of stores a
“5A 250mV-hour battery”. A battery that
will sustain a constant current into an
arbitrary load is not physically realizable,
since the electro-chemical processes
involved define the e.m.f,, the current then
being inversely proportional to resistance.

Either capacitors or inductors may be
used for temporary storage of energy, but
the cost and size penalties of the latter are
considerable. Capacitors store charge,
having a p.d. proportional to the stored
charge, and sustain that p.d. to a first
order against varying current drain; until
the drain results in a significant loss of
charge. Even more important is that the
generation, (ransmission and trans-
formation of a.c. by the Electricity Boards
are all constant-voltage processes. After
rectification, the only form in which d.c.
power can be produced efficiently and
with freedom from ripple is as a constant
voltage.

Thus all common sources of electrical
energy approximate to constant-voltage
characteristics and the majority of
electronic circuits have been designed for
this mode of operation. It is a fascinating
thought that there should be as many
current-operated circuits as voltage-
operated ones, though they may be
unfamiliar in shape. For example
transistors would have to be operated in
series, carrying comparable currents in
each device but with progressively
increasing p.ds moving from input to
output in an amplifier, while the interstage
coupling might be inductive. Conversely,
where constant-voltage supply circuits use
inductors to achieve particular effects, the
corresponding circuits using capacitors
would be attractive alternatives if
constant-current supplies were available.

Each type of constant-current circuit
seeks to achieve a constant current against
variations 1in supply voltage, load
resistance and ambient temperature as

*All at Paisley College of Technology
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Fig.1. In trying to achieve a current
constant against variations in supply
voltage, load resistance, ambient
temperature, and component paraneters
an intermediate step is sometimes used
where power-is switched before
reconversion fo d.c.
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Fig.2. Another method of controlling
load current.
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Fig.3. Technique of Fig.2 can be used with
an a.c. signal replaced by a d.c. level.
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well as against component parameter
changes. This will apply whether the
supply is in the form of a direct voltage or
an alternating current. In the former case,
an intermediate step may be used in which
the power is converted into a switched
waveform before re-conversion to d.c., the
method having high efficiency even when
the load voltage is much less than the
supply voltage (Fig.1). Alternatively the
d.c. may be used to power an amplifier
which because of the design of its output
stage or by virtue of the feedback
employed, delivers a current to the load
controlled primarily by some signal
voltage or current (Fig. 2).

Purely d.c. systems may also fall into
this category with the a.c. signal replaced
by a direct voltage /current (Fig.3) which
can be fixed or variable depending on the
application. (Fixed if a constant current is
to be forced in a zener diode to define its
operating point, variable where used to
plot the characteristics of a transistor.) In
addition, current control can be achieved
by devising a two-terminal circuit to be
interposed _between source and Joad
(Fig.4). If the circuit has a high dynamic
resistance the current is then stabilized
against supply and load changes. To apply
such a circuit to a.c. supplies involves a
number of difficulties, not least that such
constant-current action is achieved only

F--1
—»t
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§

Fig.4. Current control can also be
achieved by using Fig.3 as a two-terminal
circuit between source and load.
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for that part of the cycle for which the

input amplitude is in excess of some
minimum value, typically 2 to 10V. It
becomes particularly important to
distinguish the parameter of the output
whose constancy is being maintained. The
peak value will be held constant by a
two-terminal device having infinite slope
resistance for amplitudes of input above
the minimum. In many cases it may be
necessary to rectify the applied voltage so
that the ciruit deals with a single polarity.

Two further parameters of interest are
the r.m.s. and mean-rectified output
currents. For both, the rise in current
during the pre-limiting region as the input
voltage increases causes a rise in the area
under the current graphs, ie. in the
mean/r.m.s. current. If the two-terminal
network is arranged to have a
negative-resistance characteristic then the
current can fall back during input peaks,
offsetting the tendency for the mean /r.m.s.
currents to rise (Fig.5). A different value
of negative resistance is required for the
mean and r.m.s. conditions and it is
further dependent on the input waveform.
The method has the advantage that it
operates on the instantaneous value of
input, though methods based on
thermistors and thermocouples might be
used to monitor r.m.s. current via thermal
effects. The necessary feedback would be
more easily applied via conventional
regulator circuitry and would involve
thermal time delays that would not cope
with input /load transients.

In the majority of these circuits the
reference determining the current will be a
voltage such as that developed across a
zener diode. Where lower stability is
adequate the p.d. across a forward-biased
silicon p-n junction has advantages.

] |
] |

e \\!

Fig.5. Negative-resistance causes current
to fall back during input peaks, offsetting
tendency for mean/r.m.s. currents to rise
in the pre-limiting period.

amplifier
output — s

Fig.6. Circuits based on op-amps are
generaily limited to the case where loads
do not require a ground connection.

The voltage, or some function of it,
appears across a resistor defining the
current in that resistor. If the load is
placed in series with that reference resis-
tor, or in some other circuit path carrying
a related current, then load current is
fixed. Operational amplifiers have one
output terminal committed to ground
potential. If the generator representing the
output has to appear in series with the
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reference resistor and load to define the
current then a conflict appears (Fig.6). To
achieve a current flow to ground the
reference resistor (and with it the reference
voltage and its associated circuitry) would
have (o float. As this is inconvenient,
circuits based on conventional operational
amplifiers may be limited to constant
current operation only with those loads
not requiring a ground connection.

Circuit configurations are possible 1n
which negative and positive feedback can
be combined to raise the output resistance
to very high values. Penalties include
relatively poor stability of this output
resistance and difficulties in achieving high
output currents. This last demand is
frequently met by adapting existing
voltage regulators with a reference resistor
at the normal output voltage terminals and
the true load in series with it as outlined
above.

Finally, the problem of controlling
alternating current may be tackled in a
different way by means of thyristor
switches. These can be fired at appropriate
points on the input waveform such that
the mean current in the load is con
trollable. As the thyristor behaves as an
almost perfect switch, no control is
exercised over the instantaneous value of
current. A filter provides a feedback
voltage proportional to the mean current
and controls the phase angle of the firing
circuit. This phase angle control is quite
distinct from the frequency /pulse-width
modulation methods that are inherent in
the switching amplifiers described earlier,
and filtering of the output waveform
would not normally be applied. The
method would be suitable for such
applications as battery charging where the
current waveform is uncritical.

ECIR ONE.

Circards — future series

As already announced the trial period of Circards — the Wireless World information service on circuit
design — has confirmed our hopes and the scheme is to be continued and extended.

We list below the subjects it is planned to cover in the next 10 sets of cards — although not necessarily
in the order listed. The first (no. 6), which is discussed above, will be available on May 1st. The U.K. price
per set is £1 and the overseas price £1.15 (airmail postage extra).

Many readers have asked if they may order sets of future Circards to be sent as published. We have therefore
introduced a subscription rate for the next 10 sets (nos 6—15) which it is hoped to issue monthly. The
subscription for the U.K. will be £9 and for overseas £10.50. Orders for individual sets or subscriptions
should be addressed to J. Rider, IPC Business Press, Sundry Sales, 33-40 Bowling Green Lane, London

Circards are currently zero rated for the purpose of V.A.T.

Constant Current Circuits: Regulating currents at high and low powers for load and bias purposes.
Power Amplifiers: Power Amplifiers, d.c., audio switching and r.f.
Opto-electronics: Generation, detection and processing of optical signals.
Basic Logic Gate Circuits: Practical gate circuits using m.o.s., t.t.1. and other logic families.

Astables: Generation of repetitive waveforms from low to high frequencies using i.c. and discrete circuits.

Micropower Circuits: Operation of amplifiers, oscillators and measurement circuits at very low voltages and currents.
Wideband Amplifiers: A mplifiers of varying power levels over wide frequency bands.

Alarm Circuits; Detection of fault conditions and control of alarm devices.
Pulse Modulators: Modulation of pulse waveforms for communication and instrumentation systems.
Digital Counters: Binary counters using a variety of logic families.

New readers may also like to know the subjects already covered in Circards:
1. Basic Active Filters; 2. Switching Circuits: Comparators and Schmitts; 3. Waveform Generators; 4. A.C.
measurements; and 5. Audio Circuits: pre-amplifiers, mixers, filters and tone controls. These are still available from
the above address at the same individual price quoted above (they are not available at the reduced subscription rate).
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London Electronic C(imponent Show

Exhibitors and exhibition details

The 23rd international component show to be held at
Olympia, London from 22nd to 25th May will this year
have 450 participant companies with one fifth of these
participants coming from overseas. The show will be open
daily from 09.30 to 17.30 and admission is 30p but is
free to overseas visitors. Sponsor of the show is the Radio
and Electronic Component Manufacturers’ Federation
and it is organized by Industrial Exhibitions Ltd. The
following is a list of the exhibitors at the show.

A.B. Electronic Components

A.B. Engineering
AEG(GB)

A.E.I. Semiconductors
AMP

APT Electronics
Acbars

Accumutatorenfabrik Sonnenschein

Adams & Westlake
Advance

Albol

Alkaline Batieries
Alma Components
Alston Capacitors
Amphenol

Analog Devices
Antiference

Appliance Components
Ardente

Ariel

Associated Automation
Aston

Audax

Avel-Lindberg
Aviquipo

B.D.O.

BICC

B & R Relays
BS.L

BSR

Bailey Stamp
Bakelite Xvlonite

J. Beam

Beckman

Belling & Lee
Benedict & Jager
Berec
BICC-Burndy
Biccotest
Birch-Stolec

Bird Electronic
Biessing Electronics
Bobifil Talleres Tarraso
Bonnella

Bourns (Trimpot)
Bradley

Brandauer
Brandenburg
Breeze

Britimpex

British Central Electrical

British Physical Laboratories

Bulgin
Burgess
Burr-Brown

CC.L.
C.GS.
Cambion

Cannon

Carr Fastener
Cathodeon Crystals
Celdis

Channel Electric Equipment
Cherry

Clare. C. P.

Coil Winding Equipment
Colvern

Computing Techniques
Concordia

Connollys

Control Data Corp.
Cornish Sign

Counting Instruments
Coutant Electronics
Critchley

Crouzet

Culton

D.A.T. Engineering
Danbridge

Darby Industries
Data Precision
Davall. S.

Davu

Deac

Dial.

Diamond H Controls
Doduco

Dubilier

East Griristead Electronic Components
Edicron

Edison

Efco-Composants

Egen Electric

Elcometer

Electrical Remote Control
Electrographic Peripherals
Electroplan
Electrothermal
Electroustic

Elektromodul
Elektronungtechnika
Elettronica

English Electric Valve
Enthoven

Equipment & Services
ERG

Erie

Erma

Euro

Evans

Ever Ready

Evershed & Vignoles
Electronic Visuals

FR Electronics
F.W. Components
F.W.0. Bauch
Fairchild

Ferranti

GDS (Sales)

GEC Electronic Tube
G. E. Electronics
Gardners Transformers
General Instrument
Globe Union

Goldring

Goodacre & Davenport
Gordos

Gore

Gould

Greenpar

Gresham Lion

Grimes

Guest

Guildline

H.C.D. Research
Hallam Sleigh & Cheston
Hamlin

Harwin

Hatfield

Hayden Laboratories
Haydon

Hellermann

Hesto

Hevco

Hi-G D’ltalia
Highland Electronics
Hinchley
Hirschmann

Hirst

Honevwell

Huber. J. J.

Hutson

Hyso! Sterling

IDM Electronics

1.M.O. Precision Controls
Imhof-Bedco

Imperial Metal Industries
Insuloid

Integrated Photomatrix
Interelectric

Jackson

Jahre. Richard

Jermyn

Jones. W. (Engineering)

Kabel-und Metallwerke
Kav Metzeler

Keithley

Kenetic Technology
Kent Insulations

King. J. MacA.
Klippon

Kolectric

Krupp. Fried

Lan-Electronics
LCR.
Lemosa
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Lenco

Levell

Licon

Lipa & Isostar
Littelfuse
Littex
Livingston Hire
Lloyd, J. J.
Lock. A. M.
Londex
London Telephones
Lorlin

Lucas

Lyons. Claude

M-O Valve Co.
McMurdo
Magnetfabrik
Magnetic Devices
Marconi Communication Systems
Marconi Instruments
Markovits
Mashpriborintorg
May Precision Components
M.CB.

Mecanorma
Membrain

Memory Devices
Metway

Micronel
Miles-Platts

Milton Ross
Monsanto

Morganite

Motorola

Mullard

Multicore

N.S.F.

Newport Instruments
Nombrex
Nulectrohms

Oest Electronic Connecteurs
Oliver Pell

Oltronix

Ostby & Barton

PTA

Pandect
Parmeko
Parsonage
Pedoka

Penny & Giles
Perdix

Perivale Controls
Permanoid

Piher

Pistor & Kronert
Plasmoulds
Plastronics
Plessev
Portescap
Precious Metal Depositors
Pressac

Pye

Quickdraw
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R.K.B.

RM.T.

R. S. Components
Radiatron

Radio Controle /Monopole
Rathdown

Raytheon

Reading Windings
Record

Redpoint

Research Instruments
Resistances

Reynolds

Riam

Rilton

Rosenthal China
Ross Courtney

Ruf. Wilhelm

S.S. Semiconducteurs
Saft

Sakae Tsushin Kogvo
Salford

Satchwell-Sunvic
Scientific Packaging
Scopex

Sealectro

Seddon & Bramhall
Sellotape

Semicomps
Semiconductor Specialists
Sfernice

Siemens

Siemens (Relay Division)
Sifam

Silec

Smiths Industries
Solderstat

Souriau Lectropon

South London Electrical
Southern Transformer
Spear

Special Products Distributors
Spectrol Reliance
Spinner

Sprague

Standard Pneumatic Motor
Steatite

Straumann. Reinhard
Suhner

Surrey Steel Comps.
Switchcraft

Symonds
Svstron-Donner

TDK

Tape Recorder Spares
Techna

Techni

Tekdata

Telcon

Telford

Texcan

Thomson-CSF

Thorn

Thousand and One Lamps
M

Toko

Tokvo Sokki Kenkvujo
Tracor

Transrak

Trident

Ultra
Union Carbide

V.T.M.
Venner
Vero
Vitramon

Wallis

Watsons Anodising
Waycom

Wayne Kerr

Weller

Welwyn

West Hyde Developments
Weyrad

Whiteley

Wilson

Xincom

Z & T Aero Services
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New Servoscribe 2s
flat-bed recorder to
be shown by Smiths
Industries. This is
available in in, in/log,
lin plus integrator
and inflog plus
integrator forms.

Digital counter model
77374 manufactured
by AMF Venner.
This is a seven-digit
counter/timer suitable
Sfor frequency
measurements up to
100MHz.

Tekdata p.v.c. flat
ribbon cable which
uses standard
insulated wires
specified by the
customer. The wires
are held in a woven
polyester mesh.
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Traffic Information
Broadcasting

Proposals for a European system

One authority has claimed that the density of road vehicles in Britain is 62.2 vehicles per mile
giving approximately 85ft of road for each car. Clearly, it is becoming increasingly important
for better sources of information to be made available to the driver to enable him to plan and
make his journey efficiently with maximum satety. Electronics is playing an increasing part
in providing this information and this article is an initial examination of systems of traffic
information and hazards warning for road vehicles, based on broadcast announcements

Most of us have experienced the
frustration of being the driver of a car
stuck in a traffic jam and some of us, the
horror of a serious road accident.
Solutions to these problems seem a long
way off and any improvements which
alleviate the situation are clearly welcome.
Developments are now in progress which
could result in such an improvement in the
very near future and since the implications
are of importance to communications and
electronics engineers we report on the
“state of the art” at this moment.

Two concepts

At the moment. the road vehicle is
controlled cars, clearly an improvement in
decisions not only on his route but aiso on
speed and a host of other considerations.
The success of his efforts, measured in
terms of safety and good journey time,
depend on the quality of the information
available to the driver. If we are to
continue to accept the idea of driver
controlled cars, clearly an improvement in
either of the standards can only be
brought about by providing better quality
information either visually or aurally.
There is a second concept. that of the
automatic road vehicle requiring no driver,
and here again the system efficiency must
be judged by safety factors and journey
time. In the case of both. information is
vital to success. Traffic engineers believe
that information should be viewed at three
separate levels. first long range area
information which can provide details of
slowly changing hazards like snow, ice,
road closures and predictable traffic
congestion and offer alternative routing
information. The second level of
information is more local and could
provide data on hazards, etc. within say,
one hour’s drive, together with route
diversions to be taken. Finally there is the
extremely localized information on
accidents, fog patches or other emergencies
ahead requiring immediate reaction from
the driver. This article looks at important

proposals which may help at the first two
levels.

The role of the broadcasting station
For some years now, broadcasting stations
have been used to provide information in
the form of spoken announcements on
traffic and weather conditions. In the U.K.
this service, although regarded as very
valuable, meets only with limited success,
first because car radios are fitted to only a
small percentage of vehicles and secondly
because a nationwide radio service is used
to broadcast the information. Local radio
is useful, but here again another problem
arises — that of the very limited number
of v.h.f. car radios in use.

It is quite strongly felt at the B.B.C.
that the role of a broadcasting station
does not include an extensive traffic
information service and, in particular, the
cost of co-ordinating and program-
ming such a service should not come from
their funds. Needless to say, the capital
costs of installation should also be placed
elsewhere. However, radio is an established
channel of communication at large and
car radios are becoming more popular, so
it seems logical that there should be some
development to provide a better service of
announcements to the motorist, preferably
without seriously affecting the entertain-
ment value of existing broadcast
programmes. Naturally, with our entry
into the Common Market, and our strong
representation in the European Broadcast-
ing Union, standardization of technique is
of great importance, and the E.B.U,
through its sub-group K4 of working
party K is currently examining three main
proposals. Within the E.E.C., working
group 30 of the Co-operation Europeanne
dans le domaine de la Recherche
Scientifique et Technique (C.O.S.T.) and
the C.E.P.T. (Committee Europeene,
Posts and Telegraphie), sub-group R24
are evaluating the wider spectrum of
traffic information systems. The three
proposals to these committees originate
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from the B.B.C., Radio Nederlands, and
the German broadcasting authorities in
conjunction with their equivalent of the
Automobile Association and the
electronics company, Blaupunkt.

It would seem that the time for deciding
some form of European transmission
standard is very close, since considerable
activity can be seen in all three camps.
Reports have reached this office that the
E.B.U. committee is due to sit in a few
weeks’ time in Spain to discuss the
proposals and also that C.O.S.T. Project
30 will be producing a preliminary study
report in the summer. From this we can
gather that there is no doubt about the
future role of the broadcasting station in
providing traffic information; it is simply a
question now of method.

Radio Nederlands proposal

This proposal arose from an investigation
of techniques for broadcasting surround
sound and in fact bears interesting
similarities with the Dorren quadrophony
system described in the A.E.S. Convention
report published last month. Essentially it
is an extension of the stereophonic pilot
tone system where additional low grade
audio channels are modulated on to other
suppressed single lower-sideband carriers.
A maximum of eight channels is provided
for, within a band from 64kHz to 100kHz,
thus avoiding interference to the existing
stereophonic signals which extend to
57kHz.

The carriers are so arranged within 60
to 72kHz and 80 to 100kHz giving a
space between 72 and 80kHz to avoid the
risk of the fourth harmonic of the 19kHz
pilot tone interfering with reception of the
traffic information channels. An additional
advantage to be gained from this idea is
that the band with the 72kHz carrier can
be separated using relatively simple filters.
The suggested suppressed carriers are at
64, 68, 72, 84, 88, 92, 96 and 100kHz
with an additional pilot tone at 57kHz
phase locked to the stereo pilot tone and
deviating the main carrier by at least
1kHz. This is used to indicate the presence
of traffic information on the secondary
carriers and presumably would switch a
receiver decoder in the car to one of the
additional channels.

Experiments made by Radio Nederlands
indicate that for an a.f. modulating
bandwidth of 200Hz to 3.4kHz, signal-to-
noise ratios of 35dB have been obtained,
although crosstalk between the additional
channels is only 20dB. Perhaps an
advantage of this system is that national
transmitters can be used to provide
regional information using each of the
eight channels to give the appropriate data.

It would seem that the proposal by
Radio Nederlands has had a somewhat
chequered career since it is a revival of an
earlier proposition which receded into the
background for a period of time. As was
pointed out by Professor Geluk of Radio
Nederland, when commenting on the
Dorren system at the A.E.S. Convention,
this type of transmission brings serious
protection ratio, and adjacent channel,
problems, and it remains to be seen if he
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Fig. 1. A circuit diagram for an A.R.I.
pilot tone decoder. '

has overcome these in this particular
instance.

The B.B.C. proposal

The Dutch system just described is, of
course, based on the use of v.hf
transmitters since there is a preponder-
ance of this type of car radio in Europe. In
addition, since the Netherlands are largely
flat, the particular method of providing
regional information 1s very necessary
since v.h.f. and m.f. propagation is very
good, thus barring the use of regional
transmitters. In the U.K., however, car
radios are largely m.f. and Lw., and v.h.f.
programmes, apart from the small local
radio stations, are a national network with
unpredictable (for these purposes)
propagation. The B.B.C. proposals are
therefore based upon utilizing the m.f.
band with amplitude modulation and the
use of a separate, inexpensive, receiver in
the vehicle. In addition there is a greater
degree of concentration upon local
information in a radius of 30km about a
transmitter. The suggestion is made that a
complete national network of low power
m.f. transmitters could be designed to
operate on a single frequency in the range
immediately below 525kHz. Some
provision has to be made, of course, to
prevent simultaneous transmission of
stations within a range likely to cause
interference and this could be achieved by
some system of time division multiplex.
The size and distribution of appropriate
service areas could be determined by the
appropriate traffic or police authorities. If
a reasonably complete coverage is to be

TIME CONSTANT CONTROL

Co—o\)—

D

—

cassette
L recorder
switch

Trys

achieved, the transmitters need to be
arranged in the form of a lattice having a
spacing of about 50km and the B.B.C.
Research Department has investigated two
theoretical lattices for the U.K., one
containing nine transmitters in a group
and the other 16 in a group. Minimum
interference distances are said to be
120km and 170km respectively. Since
only one transmitter in the group is to
operate at any one moment, the
announcement duration allocated to each
station in a group of nine is one ninth of a
compleie cycle or one minute in nine.

The B.B.C., in their E.B.U. proposals to
be published shortly, suggest that the
receiver could be a simple straight design,
probably of greater simplicity than the
conventional transistor type currently
available. With no wavechange or tuning
control necessary, the suggestion is made
that total retail cost would approximately
be £5 to £7 excluding the aerial. Adjust-
ment of receiver muting is clearly critical
since if it is too low interference from
distant stations could occur in some
instances and if too high some local
information could be lost.

A further suggestion, interesting in its
implications, for one of the German
proposals is that if an exclusive m.f.
channel could not be allocated for traffic
information, interference from ‘““non-
traffic” stations could reduce service at
night and thus the inclusion of an audio
switching signal at the start of each
transmission could be used to operate a
receiver audio switching device.

The B.B.C. proposal goes on to suggest
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techniques for operating this system, but
since the system design is so designed on a
regional basis, but with potential national
control, we leave the reader to draw his
own conclusions on how best this could be
done. Needless to say, the B.B.C. has
offered several different methods to meet a
variety of needs. It should be made clear
that this is as yet only a theoretical study
with no experimental work completed to
establish its viability.

The German proposals

Of the three systems, the German is
probably the most advanced, since
practical experiments involving broadcast-
ing stations and ordinary motorists have
been under way since 1970. Two basic
techniques have been evolved, first for the
m.f. network based on “Deutschiandfunk”
and secondly the later introduction of a
more comprehensive system for v.hf.
based on the well developed network of
focal stations. It would seem that the
motivation for the development of both
systems came from the A.D.A.C., which is
the German equivalent of our Automobile
Association who wished to make more
complete information available to the
motorist.

The mJf. system, called A.-R.I.
(Auto-Radio Information) starts with an
hourly traffic announcement preceded by
a readily recognized signature tune that
starts and ends with a pilot tone. At
motorway service stations, unattended
information desks are provided which
contain equipment tuned to Deutschland-
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funk, and on receipt of the pilot tone this
switches on a recorder which stores the
broadcast message.

In a similar fashion, the recorder is
turned off by a similar pilot tone included
in the terminal melody broadcast by the
transmitting station. The pilot tone
consists of a start signal of 2.35kHz
frequency modulated by 123Hz and with
a period of one second, and the same tone
is used with an 0.5s duration to terminate
the recording activity. Motorists can
retrieve the message by pressing a button
on a telephone receiver mounted on the
desk and thus update on the latest
situation. l

The same pilot tone can be used to
switch an automatic mute in a car radio,
and to activate a car-borne cassette
recorder if necessary. A third application
is to be found in the home where a radio
receiver and cassette recorder are switched
by a time clock to record all
announcements made for a predetermined
period before the journey starts. Adapting
the m.f. system to include regional station
selection, a receiver has been designed to
search the m.f. band every 10 seconds for
the strongest signal and, on locating it,
to re-tune the receiver to that station,
thus avoiding the problem of the driver
having to re-tune manually and lose
driving concentration.

The development of this m.f. system
into v.h.f. has been made possible by the
well established network of v.h.f. regional
stations, most of which already broadcast
stereo. The traffic programme introduction
is the same as for m.f. and thus muting
switches can be used. However, the advent
of electronic varicap tuning has made it
possible to extend facilities still further.
Each station broadcasting traffic
information is identified by the presence of
a 57kHz pilot tone, which is obtained by
tripling the 19kHz stereo pilot and is
therefore rigidly locked to it in frequency
and phase. In this instance a v.h.f. set is
fitted with an external decoder which
plugs into the tape recorder jack of the
radio. As the appropriate station is tuned
in, a lamp lights on the decoder, indicating
that a “traffic information station” has
been selected. However, manual tuning
and the need to look for the lamp reduces
the attention of the driver and so a push
button is included which mutes the audio
output of all stations not transmitting
57kHz. The moment audio appears the
driver knows he is tuned to an information
station. As signal strength declines the
muting operates and re-tuning is thus
obviously necessary. Using the A.-R.L
decoder as well, the radio volume control
can be set to zero, and when the A.-R.IL.
pilot tone is received the audio stage of the
receiver will be switched on to a preset
level during the traffic announcement.

Automatic tuning does of course help to
automate many of the manual operations
described and using the v.h.f. pilot decoder
one receiver in production will search for
traffic information stations only, and then
re-tune when signal strengths get too low.
Alternatively in another radio set any
station can be selected for its

entertainment value and a second integral
“station finder” within the set meanwhile
constantly searches for and tunes to
strong traffic information stations. When
the A.-R.L pilot is transmitted the initial
programme selection is muted and the
announcement switched to the audio
output. On receipt of the terminal tone, the
receiver reverts to the original programme
selection.

Blaupunkt, who have been largely
responsible for the system development,
say that the decoders cost around £5 to £7
each and can be fitted to any radio with a
tape recorder jack corresponding to the
D.I.N. specification referring to car radios.

An extension to the v.h.f. system is
proposed where the 57kHz pilot is itself
modulated with an Lf. tone in the range 20
to 80Hz. Each region has its own
identifying tone, thus making it possible to
programme the electronic tuning of car
radios to be even more selective in tuning
to strong traffic stations. The driver can
preselect the region he wants to listen to,
even though freak reception of a distant
v.h.f. transmitter may have caused the
decoder to “lock-on”.

The circuitry of one of the A.-R.L
decoders is shown (Fig. 1). When the
decoder is switched off the + 12V supply
is connected to 7r,; only, and with this
device conducting audio is fed from input
“A” through Tr,, to point “B”. When the
decoder is switched on, + 12V is fed via
Tr,, to all stages of the decoder and the
cassette recorder if fitted. Since Tr,; in
this condition is non-conducting, the audio
is muted. On receipt of the 2.35kHz
frequency modulated 123Hz tone
indicating “‘start”, Tr, and 7r, amplify the
signal and D,, D, act as limiters.
Components C,, L, are tuned to 2.35kHz;
C, L, act as a slope detector for the
123Hz. This signal is fed via Tr, to an
active filter based on the TAA960. From
that point the signal feeds a threshold
biased differential amplifier 7Tr,, Trg
followed by the voltage doubling
combination and rectifier network Dg, D,.
Capacitor C; charges via R, and after
about 0.7s sufficient voltage has been
developed to switch the Schmitt trigger
Tre, Tr, After one second, the tone
finishes and the state of the trigger reverts
creating a negative going pulse which is
applied to Cs;, C, This pulse trips the
bistable pair Y7, 7r,, to turn on 77,
and through Tr,, and Tr,,, to turn on Tr;
which now passes the audio signal to the
output stage of the receiver.

Since Tr,, is now conducting, the base
voltage of Tr, will be zero and hence Cj,
C, will be series connected to reduce the
time constant, thus programming the
decoder for the 0.5s duration “stop” pilot
tone.

This system is in experimental operation
nationally in Germany and the decoders
and car radios are currently commercially
available.

European standards

As mentioned earlier, European govern-
ments and the E.E.C. believe that for any
system of broadcast traffic information to
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work successfully some common standard
must be agreed upon. To this end, the two
committees of the E.B.U. and E.E.C.
working parties have established some
guidelines. For example, unconfirmed
reports indicate that the C.O.S.T. working
party has suggested the following
principles to be used.

First, any proposal should be capable
of being put into operation within five
years. Secondly the capital investment
should be no more than about £1.2 million
to £1.5 million. The system to be adopted
and called by the working party the
“Mark I” will probably represent the first
of a generation of more complex or
comprehensive systems which will include
highly localized information. Such systems
are called “road based” and include
inductive loops buried in the road (not
found very practicable by the U.K. Road
Research Laboratory), leaky coaxial lines
or even very low power r.f. transmitters
covering about 1 mile sections of a
motorway.

In addition, there are other
considerations; normal programmes
ideally should suffer minimum interference
and special receiving equipment should be
of the lowest cost and available to all. A
final regulation is that the patent licence
for the system is freely available to all,
thus avoiding the possibility of a
monopolistic situation arising.

A superficial examination of these
requirements together with the more
technical limitations placed by restricted
availability of frequency allocations within
m.f. band, seem to weigh the scales in
favour of the German system. Apart from

‘the fact that it is the only working system

and is well developed, it also is less likely
to cause adjacent channel interference
than the Dutch proposals. A final point is
that the transmitter modifications are
limited and inexpensive.

The alternative m.f. pilot “melody”
offers compatibility with British require-
ments and could be adopted by all stations
without problems. The only real difficulty
lies in the wide coverage of normal
broadcast stations and one can easily see
difficulties in Holland -and the U.K. where
comparatively few transmitters serve the
whole country. The B.B.C. proposal is
obviously an answer to this but does leave
open the question of the capital cost of the
93 transmitters required for coverage.

The Dutch proposal is definitely
the most complex and can probably be
regarded as an “also-ran” since the
transmitter equipment is complex and still
to be developed.

It is interesting however to see how
each proposal has resulted from very
national requirements, and it now remains
to be seen how effective the various
lobbying attempts are. Here in the U.K.
the L.B.A. are known to favour the m.f.
pilot “melody” system which. of course,
suits their requirements.

This summer may see a rationalization
of broadcasting systems for traffic
information and the first step towards
improving the “driver’s lot” since traffic
programmes were initiated.
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Experiments with operational amplifiers

9. Multivibrators: free-running, monostable and bistable circuits

by G. B. Clayton,* B.Sc., F.Inst.P.

Operational amplifiers are normally used in R

negative feedback circuits but when appro- 10k

priate positive feedback connections are

made to them they can be used to generate T R3 D
15V 10k !

both sinusoidal and non-sinusoidal wave-
forms of defined frequency. In this section
we investigate the way in which positive
feedback may be applied to an operational
amplifier in order to give a multivibrator
type of circuit.

A circuit suitable for investigating the
behaviour of a simple free-running multi- C whm
vibrator is illustrated in Fig. 9.1. Positive 1000 T
feedback is applied to the amplifier by the
connection between the output terminal and
non-phase-inverting input terminal via the R1
divider R,, R,. The divider gives a positive )
feedback fraction

in place of R

(b)

R, +R, Fig. 9.1(a). Free-running multivibrator, (b) alternative timing resistors.

R (a)
B=—1—

The amplifier switches regeneratively and
repetitively between saturated states, re-
maining in alternate states for time periods
governed by capacitor charging. The am-
plifier remains in positive saturation for a
time period. Fig. 9.2. Free-running multivibrator
waveforms : upper trace, pin 6, middle
trace, pin 3, lower trace, pin 2. Vertical
scale, 10V/div., horizontal scale, 0.2ms/div.

| Vs
tl il CR 10 osat ﬂ osat

o sat ﬂ o sat

9.1)
and in negative saturation for a period

’2 — CR 10 osal ﬂ osat

o sat ﬂ o sat

0.2)

If the positive and negative output satura-
tion limits have the same magnitude the two
timing periods are equal and the waveforms
produced are symmetrical.

Itis suggested that the action of the circuit ’1\9\% R Mn oy eyt
and the validity of eqns. 9.1 and 9.2 be in- control applied at V,
vestigated by observing and recording the o
+1

waveforms at terminals 6, 3, and 2. Quanti-
tative measurements should be made with

the positive and negative swings and time Vip ol f2. 115

periods of all waveforms recorded. 6 | 33 m
Typical waveforms for the circuit are 1741CG ——ANV— Y >

illustrated in Fig. 9.2. The upper trace

shows the amplifier output voltage as it

switches between positive and negative c

saturation limits. The middle trace shows 2 oy 75V
the signal at the non-phase-inverting input l W zener

terminal switching between the limits SV, ¢,
and SV,,, and the lower trace shows the
exponential charging at the phase-inverting

*Department of Physics, Liverpool Polytechnic.
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Fig. 9.4. Waveforms for free-running
multivibraior (Fig. 9.3) with pulse width
control. Traces show output voltage
(10V/div.) and voltage at pin 2 (0.2V/div.)
Jfor V., of +5V and — 5V respectively.
Horizontal scale, 2ms/div,

+15V

Fig. 9.5. Monostable multivibrator with
timing period controlled by a reference
volrage.

Fig. 9.6. Monostable waveforms for
reference voltage —0.5V. Upper trace,
pin 6, lower trace, pin 3. Vertical scale,
10V/div., horizontal scale, Ims/div.

Fig. 9.7. Monostable waveforms for
reference volitage — 5V. Upper trace, pin 6,
lower trace, pin 3. Vertical scale 10V/div. .
horizontal scale, 1ms/div.

input terminal. The exponential goes up and
down between the limits ¥, %, and BV, ,.

Components values should be substi-
tuted in eqns. 9.1 and 9.2 in order to com-
pare predicted timing periods with those
obtained experimentally. Further under-
standing of circuit action may be gained by
changing component values and by making
separate changes in the values of the posi-
tive and negative power supplies. The effect
on the waveforms of each change should be
noted and recorded, and the reader should
then attempt to explain for himself these
effects in terms of the action of the circuit.

A markédly non-symmetrical waveform
can be obtained by using alternative timing
resistors (R; and R,) switched into the cir-
cuit by means of the diodes D, and D, as
shown in Fig. 9.1(b). Resistor R in (a)
should be replaced by this network and the
observed waveformhs recorded and ex-
plained. Note that the upper frequency limit
for the action of the multivibrator circuit is
set by amplifier slewing rate. This point
should be verified.

Control of the pulse width produced by a
free running multivibrator can be obtained
by injecting an additional current into the
phase inverting input terminal of the am-
plifier. The effect of thiscurrent is to increase
one timing period and decrease the other.
The action may be investigated using the
circuit illustrated in Fig. 9.3.

The circuit includes a method for sym-
metrically clamping the output voltage
limits of the amplifier by means of a diode
bridge and zener diode. The clamp is not
essential to the action of the circuit but is
included to illustrate a method of output
limiting. Output limiting may be applied to
any of the switching circuits described in
this section if the application requires it.

Waveforms obtained with the circuit of
Fig. 9.3 are shown in Fig. 9.4. The traces
show output voltage and voltage at pin 2 for
V., of +5V and —S5V respectively. Pulse
width is not linearly related to the input
voltage because capacitor C charges ex-
ponentially. Linearity can be improved by
reducing the amplitude of the waveform at
pin 2 (by reducing R,).

Thecircuit fora monostable multivibrator
with timing period controlled by the magni-
tude of a reference voltage is given in Fig.
9.5. The permanently stable state for this
circuit is with the amplifier output at its
positive saturation limit, this condition
being maintained by the negative reference
voltage applied to the phase inverting input
terminal of the amplifier. A positive trigger-
ing voltage applied to the phase inverting
input terminal, of sufficient magnitude to
bring the amplifier out of saturation, causes
the circuit to switch regeneratively to its
temporarily stable state. The circuit returns
to its permanently stable state when the
voltage at the non-phase-inverting terminal,
which switches below earth by an amount
(V,5, — V,.), exponentially rises to the
reference voltage level. The timing period
for the circuit is given by the equation

T = CRlog, Vosa ~ Vosu 9.3)

Eref
The action of the circuit may be investigated
by applying a square wave of level, say,
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log 10(57)
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Fig. 9.8. Plot of log,, (1/E,.) against T.

G
b

0:0047p

Fig. 9.9. Bistable multivibraror. Triggering
may be applied at C or C,.

6V and frequency approximately 200Hz to
the phase inverting input terminal via capa-
citor C,. The square wave is differentiated
by C{ R, and the positive pulses cause the
monostable to make transitions. The wave-
forms appearing at pins 6 and 3 should be
observed and recorded for different values
of the reference voltage in the range —0.5V
to —5V. Typical waveforms for reference
voltages —0.5V and —5V are shown in
Figs. 9.6 and 9.7 respectively.

The validity of eqn. 9.3 1s most con-
veniently checked by presenting the results
graphically as shown in Fig. 9.8. By express-
ing logarithms to the base 10 and rearrang-
ing eqn. 9.3, the equation may be written

| 1 T
B0 p T 23CR
The graph in Fig. 9.8 should thus have a
slope of value 1/(2.3CR) and make an inter-
cept on the vertical axis at a value equal to
"10gx0 (l/a:al— V:):val)'

A circuit which uses an operational am-
plifier as a bistable multivibrator is shown
in Fig. 9.9. Positive feedback applied via
resistors R,, R, causes the amplifier output
to remain at either its positive or negative
saturation limit.

Triggering pulses may be applied to the
circuit at either input terminal via the capa-
citors C,, C,. The pulse polarity required
to produce a transition depends upon the
state of the circuit; this point should be
verified experimentally.

—IOg (Vo:m— Vu;u)
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A Novel Approach to

Power Supply Design

by Robin Aston*

A power supply design technique is discussed which employs a switching regulator
to achieve low weight, followed by a linear regulator to give laboratory standard
performance. A feedback loop from the output of the linear regulator controls the
mark-space ratio of the inverter signal in the switching regulator and so minimizes
the power dissipated by the series control element of the linear regulator,

The problems encountered when trying to
obtain a stabilized d.c. voltage from an a.c.
mains supply have always been of interest
to circuit designers. In the days of the valve
the problems were not perhaps so acute as
they are today, the d.c. current requirements
usually being quite modest. Modern semi-
conductors are capable of controlling very
large currents and it is now the norm to
think in terms of power supplies of several
amps rather than the few tens of milliamps
of the early days.

Modern power supplies can be divided
into three basic families: series linear, shunt
linear and switching. These will be discussed
in turn.

*APT Electronics Ltd.

Series linear regulators

Whenever the highest possible performance
is required the series linear regulator is the
usual choice. Even if a lower performance
is needed the flexibility of the series linear
regulator, and the huge quantity of design
information available, make it the most
widely used form of power supply. The
basic block diagram is given in Fig. 1.

The output voltage is compared with a
precision voltage reference. If the two differ,
the comparator either increases or decreases
the impedance of the series control element
to correct the output voltage. To allow the
series control element to do its job, the un-
regulated d.c. from the transformer and
rectifier must always be of a higher voltage
than the required output voltage.

unregulated d.c. series )
ac. EO=1 mains transformer » control -0
input and rectifier element L
N o 50 or 100Hz filter
»
variable
isi regutated
precision
voltage > comparator <€ d.c.output
reference
!
OD
E Oo— o
Fig. 1. Series regulator block diagram.
g
R
a.c L O—— mains transtormer ~——0
input and rectifier v
NGO—— S50 or 100Hz filter
current regulated
path d.c. output
—0

Fig. 2. Shunt reguluror

)

block diagram. EOC
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For the purposes of comparison we shall
imagine that all the power supplies dis-
cussed in this article have an output variable
from 0 to 50V at 10A. In Fig. |1 the unregu-
lated d.c. supply must be greater than 50V,
let us say 55V. At 1V, 10A output, 54V
would be dropped across the series con-
trol element and 540W would therefore
need to be dissipated by it. This problem is
usually overcome by having a range switch.
This would vary the output of the unregu-
lated supply so that the power dissipated by
the series control element could be limited
to a reasonable value.

The basic regulator described would
normally have all sorts of frills built in such
as constant current, current limit or re-
entrant short-circuit protection, and over-
voltage protection.

Shunt linear regulators

This form of regulator has never achieved
the same wide use as the series regulator,
probably because it is not well suited to
applications where the output current will
vary over a wide range. The basic idea can
be seen in Fig. 2. The current path is sensi-
tive to the voltage on the output terminals.
If the output voltage tends to rise, the im-
pedance of the current path is made to fall
and more current flows in it, reducing the
output voltage by increasing the voltage
drop across R. A voltage reference and vol-
tage comparator similar to that used in the
series regulator might be employed to con-
trol the current path. The simplest form of
shunt regulator is, of course, the zener
diode.

Taking the case of the S0V, 10A supply;
at 50V, 1A output, the current path would
have to dissipate the additional 9A at 50V
(450W) and a further 50W would be dissi-
pated by R. Essentially the cjrcuit has a
see-saw action. A constant 10A flows
through R which is shared by the current
path and the load.

Switching regulators

The main disadvantages of the series and
shunt approaches are, the need to dissipate
large amounts of power by the control
element (although our examples are at the
extreme) and the sheer size and weight of
the mains transformer with the associated
bulky 50Hz smoothing components.

The switching regulator overcomes these
problems but, at the same time, introduces
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TABLE 1
Linear Switching Linear/switching
Regulation excellent good good
Transient response excellent poor fair
Ripple and noise excellent poor good
Voltage adjustment fairly easy fairly difficult easy
Size large very small small
Weight heavy (90 Ib) light (10 Ib) light (16 Ib)

some new difficulties. A block diagram of a
typical switching regulator is shown in
Fig. 3. A high-frequency oscillator, usually
operating just above the a.f. range, is
powered from a mains supply and rectifier.
The oscillator operates in a switching mode
with two transistors switching hard-on and
hard-off in turn, alternating the current
flow in the primary winding of an h.f. trans-
former which is followed by a rectifier and
filter. The regulator output voltage is mea-
sured by the oscillator control module and a
correction signal is produced which varies
the mark-space ratio of the oscillator. If the
output of the power supply tends to fall, the
duty cycle of the oscillator is increased,
which raises the average value of the power
in both primary and secondary windings
and, consequently, the rectified output
voltage remains constant.

The main advantage of the switching
regulator is that the isolating transformer
and filter components are operating at high
frequency and can be of a very small size as
compared with the 50 or 100Hz counter-
parts. Unfortunately, the transient response
is not very good and inevitably broad-band
noise from the oscillator finds its way to the

Fig. 3. Switching regulaior block diagram.

output. However, in many applications
these shortcomings are of no consequence
and the switching regulator can offer many
users the answer to their problems.

Switching and linear techniques
combined

A number of the disadvantages of both
switching and linear regulators can be over-
come or minimized by a technique which
combines both regulators in a single circuit
(Fig. 9.

Operation of the system is best described
by imagining that the unit is switched on
and is supplying an output, say 40V, to a
load. Point 4 on the circuit must be at a
potential of more than 40V for the series
control element to function. For reasons
which will become clear later it will be stated
that this point is at 45V If the voltage refer-
ence source output at point B is deliberately
lowered to 30V the comparator will provide
an output which will increase the impedance
of the series control element, causing the
output voltage at point C to be reduced to
30V. Asthis s taking place, the voltage drop
across the series control element will rise.
The oscillator control module senses this

Wireless World, May 1973

increase between points 4 and C and lowers
the duty cycle of the oscillator so that the
input voltage at point 4 falls. Circuit values
can be such that the voltage across the series
element is maintained at 5V and with 30V
now at the output, point 4 will be at 35V.

The application of this technique to the
0 to S0V, 10A power supply we are discuss-
ing ensures that power dissipation by the
series control element is limited to 50W in
the worst case condition of 1V output at
10A. In fact, the control element dissipation
is now directly proportional to the current
drawn from the power supply.

The main advantages of this technique
are, therefore, the elimination of the 500W,
50Hz transformer and bulky 100Hz smooth-
ing components, and a considerable reduc-
tion in internal power dissipation allowing
smaller heat sinks to be used. Such a power
supply does not perform as well as a good
quality series linear regulator but is much
better than a straight switching regulator.
For the example of a S0V, 10A power
supply, the relative advantages of the linear
series, switching, and combined linear-
switching regulators are summarized in
Table 1.

Functional description

A simplified block diagram of a combined
linear/switching power supply appears in
Fig. 5. The incoming mains supply is filtered
by F, to prevent spurious signals from the
high-frequency oscillator or inverter from
finding their way into the mains wiring and
possibly interfering with other equipment.
The supply is then divided into two, feeding
a small 50Hz transformer 7, and a high
voltage rectifier bridge R,. The small mains
transformer is intended to power the inver-
ter control module for a very short period
of time until the system becomes fully
operational. The inverter control module
provides pulses which switch the inverter

oscillator 2 a i,
control < output transistors on and off in turn, driving
v module current through the primary of the high-
frequency transformer 7,. A secondary
e Lo—] > . > = il rectitien winding of T, provides a d.c. mnput at
input rectitier oseiliaton isolation and —0 ¢-d on the inverter control module, supply-
No— > p—| transformer g3 filter regulated ing the module with power and back-biasing
d.c.output the bridge rectifier diodes R,, effectively
—0 turning off the small mains transformer T;.
) The output of the high-frequency trans-
Eo— —o0 former T, is rectified by R; and applied to
the smoothing filter F,. The design of this
oscillator <
control
module <
v
ac. L ) > h.t. > . r:z P rectitier A series c 5
] 3 rectifier ) isolation and controt C
'npu NO—— p—| oscillator Ly_| transtormer »-{ filter element
7
) A 3
reguiated
. . d.c.
variable precision| 8 output
reference =p—i comparator -
Fig. 4. Combincd switching and series source

regulator block diagram.
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Fig. 5. Block diagram of the combined switching and series regulator.

low-pass filter is such that during the
quiescent periods of the inverter, the main
energy requirement of the load is supplied
from energy stored in the series choke and
not the shunt capacitors. Because the capaci-
tors are topped-up by the induced e.m.f. of
the choke the average charge, and therefore
the voltage across the capacitors, is indepen-
dent of load current for a given output
voltage.

The linear regulator section of the circuit,
functions in the normal way except that the
voltage drop across the series control tran-
sistor is sensed at e-f by the inverter control
module. This module then varies the duty
cycle of the inverter to maintain the voltage
drop across the series control element at SV.

Inverter control module

The inverter control module has to produce
switching waveforms at g and h for the
inverter output transistors at a frequency of
about 20kHz. The higher the energy de-
manded from the power supply, the higher
the mark-space ratio of the switching
waveform.

The circuitry of the inverter module is
shown in block diagram form in Fig. 6.
Power from the small mains transformer 7,
and rectifier bridge R, (Fig. 5) is fed to a
small linear voltage regulator which sup-
plies power to the 20kHz generator. The
output of this generator is fed to the bases of
the inverter output transistors (Fig. 5) under
the control of a gate circuit. Also the gener-

C —ppi

. generator g

(tig.5) voltage > geznoe':-gfor gate (tig.5)

d—»— stabilizer —t]
® (1ig.5)
A fig.5
2 f
ramp > level _o _|comparator 5v
generator == detector h 2 B reference

Fig. 6. Block diagram of the inverter control module.

TABLE 2

Mains voltage

220V or 240V +10%. The unit will operate through a

continuous range from 198-264V.

48-450Hz.

Constant voltage characteristics

Mains frequency

Output voltage 0-50V (max.)
Setting accuracy +10mV
Output current 0-10A (max.)

Line regulation
Load regulation
Ripple and noise
Output spike
Transient response

5mV pk.

Temperature characteristics

Coefficient Less than 0.02% per °C
Range 0-40°C

Dimensions

Width 203mm (8in)

Depth 216mm (8%in)

Height 260mm (10%in)
Weight 7.5kg (163Ib)

0.001%+1mV for + 10% mains variation
0.05%+10mV for 10%-100% load variation

40mV pk. rep. rate 40kHz (typically 20mV).
5ms to recover to within 20mV for a 10-100% load change

wwin. americanradiohistornnz.com

ator drives a triggered ramp generator
producing a sawtooth, synchronized with
the inverter which feeds one side of the level
detector. The other side of the level detector
is fed from a comparator which provides a
voltage proportional to the difference be-
tween a 5V reference and the voltage across
the series stabilizer transistors (e-f, Fig. 5).
Normally the level detector opens the gate
when the output of the comparator is less
than the ramp voltage. Whenever the
voltage across the series stabilizer transis-
tors falls below 5V, the output of the com-
parator falls and the level detector opens
the gate earlier in the generator’s cycle.

To demonstrate the operation of the in-
verter control module, it is best to consider
the complete combined switching/linear
regulator, referring to Figs 5 and 6.

Imagine that the power supply is provid-
ing a constant output into a load and that
the resistance of the load is suddenly re-
duced. As the output current rises, the
output voltage would tend to fall. The linear
section of the power supply compensates by
reducing the impedance of the series control
element and, as a secondary result, the
voltage drop across this element also tends
to fall. This trend results in a fall in output
of comparator 2 in the inverter control
module as the voltage across e and f'tries to
fall below the 5V reference. The level de-
tector now opens the gate at a lower ramp
voltage and the duty cycle of the inverter
output transistors is increased. A greater
voltage is fed to the series control transis-
tors, increasing the voltage across e and f,
and the output voltage of the power supply
is maintained with a constant 5V developed
across the series linear control element.

Additional components in the inverter
control module inhibit the gate at switch-on
until the inverter stabilizer and the inverter
itself settle down, thus preventing possible
damage to the inverter output transistors.
If the mains input voltage rises above a pre-
determined level, a mains monitor circuit
closes the gate earlier in each cycle to
compensate.

The effectiveness of the combined switch-
ing/linear power supply can be judged by
the performance achieved by a typical unit
which is given in Table 2.
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

Marconi’s 1907 c.w.

transmitter

In his letter in the April issue your
correspondent Mr W. L. E. Miller states
that “The assertion that Marconi had
produced a c.w. system using a spark
discharge around 1907 cannot be
substantiated although the myth has been
perpetuated in Baker’s recent ‘A History
of the Marconi Company’”.

May I refer Mr Miller to a lecture given

by G. Marconi and entitled “Transatlantic
Wireless Telegraphy” which he delivered
at the Royal Institution on 13 March
19082 I enclose copies of two relevant
pages of his address for your scrutiny.”
From this it will be seen that Marconi,
after mentioning the initial tests between
his new station at Clifden and Glace Bay
in 1907 (using the conventional spark
system), goes on to say:
“Simultaneously with these tests others
were carried out from Poldhu to Glace
Bay with a new system of transmitting
apparatus, by means of which continuous
or semi-continuous oscillations could be
produced.

“Proportionately to the energy
employed, the signals from Poldhu were so
much better than those from Clifden that [
decided at once to adopt this new method
of transmission at Glace Bay and Clifden.
The apparatus which I have been using for
producing continuous or closely adjacent
trains of electric oscillations is as
follows:—”

(Here follows a description)

From this wording it might be inferred
that Marconi was not sure whether the
waves were continuous or semi-
continuous! Not so, however. In the text
which follows he makes it clear that the
original apparatus produced continuous
waves and that he deliberately introduced
a modification to provide “a regular
succession of trains of undamped or
slightly damped waves” in order to make
the received signal audible on headphones.
Oscillations to a maximum of 200kHz
were obtained. The device was patented on
9 September 1907 (pat. appl. No. 20,1 19).

The extremely high speed at which the
discs had to rotate called for ultra-high

*Held in editorial office. A piece of the document is
reproduced with Mr Baker’s letter. — ED.

se tests others were carried out from /Poldhu to Gilace
ans of which continuous or semi-continuous oscillations ¢
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precision in their manufacture. The
“Timed Spark” system was a logical
development of the 1907 device and in
1913 a British government Commission
reported more favourably on this than on
any other continuous wave system then in
use (See Dowsett, H.M. “Wireless
Telegraphy and Telephony”, Wireless
Press Ltd, 1920).

W. J. Baker,

Chelmsford,

Essex.

Audio amplifier design

There are several points that we would like
to make in connection with recent contribu-
tions from Messrs Walker, Linsley Hood,
Fison and others on the problem of low
noise and low distortion audio amplifier
design.

It can be shown' that the noise a transis-
tor may generate (Fig. 1) under set condi-
tions of source resistance, collector current,
etc. can be represented by a voltage
generator Vyg, looking into a perfect volt-
age amplifier of gain A,, This voltage
generator is in series with the noise voltage
generated by the source resistance itself
Vyrs- These can be considered as represen-
tative of the two dominant sources of noise
in an amplifying stage. It is clear that at the
collector of the first stage there will be a
noise voltage derived from the input, of
magnitude

Aol VNQ12 + Vars)?
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If the next stage (second or subsequent
stages being treated as one) is again con-
sidered in the same way as the first, there
will be a noise voltage at the input of the
stage of

Vin = (A102(VNQ12+ Vugs?)

+ Virer? + Vag2 ™t
where Vyge; is the noise generated by the
collector resistor of the first stage and
where Vy,, is the noise generated by Tr,
referred to the input. Thus the total output
noise will be

Vo = AzoVin

The above statement applies to the open
loop case. If we now close the loop the out-
put noise voltage is Vo and so at the emitter
of Tr, we have

VORel
/o=
R,

where :
Vo = Azo[A;o*( VNQ12+ Vars®)
+ Vager >+ VNQZZ]L*’ AoV,
rearranging:
_ AioAsoVoRe
Rf
= Azo[A 102( VNle + VNRSZ)
+ Varcr 2+ Vag2"1?

o

therefore:
Azl A0 (Vror* + Vars®)
+ Varel + VNsz]i
14+ A4,04,0R,
R,

Vo =

From this one can see that if the noise
contribution of the second stage is to be
negligible compared to that of the first then
Ao(Vnoi 2+ Vurs?)? must be greater than
(Vwre1” + Vagz2)t. To give an illustration,
for a noise contribution of 0.1dB by the
second stage, A, needs to be 20dB greater
than A4,,. This is just another factor in
design compromise, but in general, when
designing a low noise amplifier, more gain
should be obtained from the first stage and
a split emitter resistor can be used to reduce
the open loop voltage gain of the second
stage. The increase in coupling factor will

gain =A1g Azo

Fig. 1. (Refer to text.)


www.americanradiohistory.com

Wireless World, May 1973

in part make up for this loss in the overall
open loop voltage gain of the amplifier.

To draw a conclusion, this is the reason
why Mr Linsley Hood’s Liniac based cir-
cuits have as low a noise figure as they do,
and Mr Walker’s series feedback circuits
(W.W. May 1972, p. 234) could be yet
quieter, the latter not having the noise
contribution of the resistor in series with
the input as well as that of the signal source.

Secondly, we have repeated Mr Linsley
Hood’s experiments with a 741 (W.W. Jan.
1973, p. 11) and when using a signal with a
very low distortion we were unable to
measure any difference between the shunt
and series feedback configurations.

Thirdly, with reference to Mr Fison’s
statement (W.W. March 1973, p. 120) con-
cerning Mr Linsley Hood's Hi-Fi News
power amplifier, we have found that al-
though the design claims justifiably 0.01%
t.h.d. at 1kHz, the distortion rises with
frequency, for example typically 0.06% at
3kHz and 0.2 at 10kHz. Whether or not
this distortion is audible is another matter.
However the rise in distortion is largely due
to the early falling off of the loop gain with
increase ‘in frequency and consequent
change in phase of the feedback relative to
the input signal; this applies to many
designs on the market.

Finally, as has been known for a long
time but perhaps not fully appreciated, it
doesn’t matter how much feedback is
applied to reduce distortion, unless it is
negative and the phase is correct at all
frequencies it will not improve the ampli-
fier’s overall performance.? Obviously any
design which takes this into consideration
will herald a new generation of amplifiers
in terms of low distortion and low noise.
A.R. Mornington-West, J. Vereker,
Salisbury.

1. Faulkner. “The Design of Low-noise Audio-
frequency Amplifiers’, The Radio and Electronics
Engineer, Vol. 36, No. 1, July 1968.

2. Linsley Hood, J. L. Private communication.
Murphy, R. “Power Semiconductors™, Eleciron,
8 March 1973,

An attempt was made during the
development of a linear a.f. power
amplifier! in the early part of 1971 to
evolve a design in which the “square
wave” response was free from overshoot
on a reactive load. To this end, attention
was paid to the design to make sure that
the phase error of the amplifier was low up
to the highest practicable frequency (in
practice this is probably limited by the
transition frequency of the output
transistors chosen), and a single dominant
lag was then interposed within the
amplifier chain to generate a predictable
gain and phase margin.

When this was done, it was found that
the harmonic distortion was also lower
than had been anticipated, and it was
apparent, on consideration, that the
reduction in_the phase error of the
amplifier chain within the frequency range
of interest also reduced the ineffective
quadrature components in the feedback
loop and allowed more effective distortion

cancellation. One might say that negative
feedback is indeed an effective way of
reducing distortion but only so long as it is
negative.

In the particular case of class B
push-pull output stages, where the signal is
routed alternately through the two
halves, the phase characteristics of these
may well be different unless externally
corrected, and it seems probable in
retrospect that the improvement which I
found to be given by the addition of a
capacitor across Mr Baxandall’s series
corrector diode in the quasi-
complementary pair was due to the
matching of the phase lags of the two
halves.

It should be remembered when carrying
out this exercise that the high frequency
phase characteristics are influenced by
both circuit stray capacitances and lead
impedances, so that if the mechanical
layout of the amplifier is changed the
phase error may also be changed and
the phase trimming may need adjustment.

Once adequate loop stability is assured,
the required transient response will be
given so long as the rate of change of gain
with frequency does not exceed — 6dB/
octave. This is probably most easily
achieved in practice by the inclusion on
the input of the amplifier of a simple
CR integrating circuit. This also protects
the amplifier from shock-excitation or
transient overload.

J. L. Linsley Hood,
Taunton,
Somerset.

Reference
1.J. L. Linsley Hood. Hi-Fi News, Nov. 1972.

Series resonant circuits

The other day a student of mine asked why
series resonant circuits were not more widely
used in communications equipment be-
cause they could be tuned by the capacitor
and would then give a constant bandwidth
over the tuning range.

This is true of course for simple series
circuits whatever the coil Q-factor may be,
the bandwidth being

R,
2L’

where R, is the total series resistance in the
circuit in which the signal appears.

The same is true if R, and L are placed in
parallel with the tuning capacitor, provided
that the Q-factor is greater than 10 or so. It
is only when, in practice, this parallel circuit
is fed from a source, or loaded by another
system (such as transistor tuned amplifiers),
that we get a tuned circuit which can be
represented by the duals of R, and L, so that
the three components, R/, the dual of R,
L', the dual of L, and C, are placed in paral-
lel, with L” assumed to have a high Q-factor,
as above.

Then the bandwidth is given by

2rCR/
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and varies with the setting of the tuning
capacitor. This, in practice, means that the
Q-factor will be as much determined by the
circuit shunt resistance (R,) as by the self
resistance of the coil, so that the selectivity
will not vary as much as one might think if
the ratio of the highest and lowest tuned
frequencies is close to unity.

Apart from quickly seeing why series
circuits cannot be used in collector circuits,
the student was essentially satisfied by the
explanation given above. I trust it was sound
and practically sensible?

Roger C. Driscoll,
Polytechnic of North London,
London N.7.

Solid-state teleprinter

demodulator

I was interested to read the article in the
February Wireless World on a solid state
teleprinter demodulatot, since I am in the
process of setting up an amateur
two-metre RTTY station. Like Mr Addie,
I felt that i.cs have much to offer over
earlier techniques. In particular I have
used a p.lLl. ic. to discriminate between
mark and space frequencies. This has
proved exceptionally easy to set up for
a.fsk. as used by amateurs on v.h.f. The
tracking filter, as it is sometimes called,
would appear to offer a simpler solution to
frequency discrimination than the LC
bandpass filters used by Mr Addie. Tuning
fixed inductors at low audio frequencies
leads to a multitude of fixed capacitors,
whereas fine tuning of the p.ll is
accomplished by a variable resistor. The
same device can also readily resolve
different shift frequencies.

In the end, performance under
operational conditions is the ultimate test,
and I confess that I am a raw beginner in
this field. I wonder if the p.Ll can equal
the performance of a well tuned filter. It is
certainly easier to use.

J. M. Osborne,
Westminister School,
London, S.W.1.

Reference
“Terminal Unit in Solid State for RTTY”.
Short Wave Magazine, Nov. and Dec. 1972.

Dual-ramp d.v.ms

In view of the increasing interest in the
dual ramp technique of digital voltage
measurement, evidenced by various recent
articles in your pages, I hope you will
allow me space to comment on the patent
position.

Basic patents covering this technique
are held by Solartron/Schlumberger in
several industrial countries. These include
UK. patents No. 869,262 and No.
1,090,047.

It has been Schlumberger’s practice to
grant non-exclusive licences under these
patents to responsible applicants. We
would be glad to consider an approach
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from, for example, any firm which is not
yet licensed and plans to supply kits or
finished equipment using the patented
technique.

R. H. Nicholson,

Managing Director,

The Solartron Electron Group Ltd,
Farnborough,

Hampshire.

Doppler distortion

in loudspeakers

I had hoped that my letter in the January
issue of Wireless World would end the
correspondence on Doppler distortion but
the plea by Mr M. G. Scroggie in the
February issue, which has just come to
my notice, prompts me to pen a brief
answer.

The first point he raises is at least
partially answered by Stott and Axon. I
quote, “Vibrato of either pitch or intensity
in a musical instrument tends to mask
fluctuations caused by the recording
system (e.g. Doppler*). From this point of
view the piano with its complete absence
of vibrato, is possibly the most pure tonal
generator available; its frequent use in the
investigations described was based on this
consideration. The organ may speak
vibrato from the tremulant stops. An
example of pitch-fluctuation threshold
variation for light theatre-organ music is
shown in Fig. 12 which gives the mean
results for nine subjects. As far as
comparison with curve (b) of Fig. 10 is
possible, the threshold is seen to be greater
than that for piano programme material
except at extreme flutter frequencies™.

I doubt whether from the musical
aspect a single flute stop organ note would
be held very long over a single pedal note,
and the moment a chord is introduced the
position becomes radically different. This
is illustrated by Mr Moir’s letter in the
same issue, in which he confirms that the
very low values of Doppler distortion he
quotes not only require continuous pure
tones but also the sharp standing wave
patterns in a live room to detect them to
this degree. This is confirmed by the
ubiquitous Stott and Axon article again in
their Fig. 8 which shows a minimum
audibility figure for pure tones, when using
headphones, of as much as 0.15% peak
frequency modulation. The large
difference in values indicates the
tremendous effect the standing wave
system in a room has for steady pure
tones on the audibility of Doppler effect.
This would largely be negated by the use
of chords instead of pure tones as the
positions for the peaks and troughs would
not coincide for the different frequencies,
and again by the short time most chords
are sounded in programme. (Stott and
Axon used slow sustained piano
programme to emphasize the effect.)

Perhaps the proof of the pudding is in
the eating. In the article quoted in Jour.
Audio Eng. Soc. for November I have

* My addition

shown that on the basis of the Stott and
Axon findings, Doppler distortion should
be inaudible at the maximum rated power
on all three of the latest types of B.B.C.
monitoring loudspeaker by values ranging
from 7 to 12 dB. In practice no complaint
of such distortion has ever been made
about these loudspeakers on any type of
programme whatsoever, whereas if the
figures for pure tones were applicable
Doppler distortion should be plainly
heard.

H. D. Harwood,

B.B.C. Research Dept.,

Kingswood Warren,

Surrey.

Open University course

I was particularly interested to read the
article on the Open University Post
Experience Course as I am one of this
year’s students — currently up to Unit 5,
Semiconductor Devices. I would echo the
author’s opinions concerning the presenta-
tion of the work as anything less like my
old text-books is hard to imagine —
plenty of space for margin notes, colour in
the diagrams, photographs of equipment
etc.

Prospective students should not be put
off by a lack of BBC-2 as the programmes
(although desirable, of course) are not
essential viewing for continuity.

In conclusion, may 1 take the
opportunity of thanking you for the
“back-up” given by the journal — two
articles on magnetic topics by Cathode
Ray, and a series of four on the
development of semiconductors.

P.J. Hunt,

St. Saviour’s Hill,
Jersey,

C.L

Feedback amplifiers

If T might reply briefly to Mr Walker
(Letters, April issue) on the particular
point of the noise levels in shunt feedback
circuits, leaving aside for the moment the
case of a frequency dependent feedback
loop, the situation can be clarified by
reference to the accompanying drawing. If
we postulate two zero-output, Zero-
impedance, generators, E, and FE,,
connected to the inputs of a notional
operational amplifier by means of two

+
output
$——AAA———
Rib
Rs Rs
E4 E2
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resistors (Rg) of the appropriate value to
optimize the input noise characteristics,
the output noise of the amplifier will be the
same whichever of the two generators we
assume to be providing the zero input.

If however, we increase the output from
one or other of these, to some suitable
(and identical) value, the signal-to-noise
ratio will depend on the extent to which
the signal is attenuated between source
and amplifier. In the case of the series
circuit this is normally very little; in the
case of the shunt circuit this depends on
the input shunt impedance of the amplifier
device. With suitable operating parameters
this will be in the range 4-6 dB, and this is
the intrinsic loss in this arrangement.
Moreover, the noise impedance seen by
the input in the shunt feedpack case is not
the input resistor circuit value, but the
value of the “virtual earth” impedance,
and noise measurements suggest a value of
600-1200 ohms for this. This is in line
with the observed noise values, which can
be as low as 0.6 uV, whereas the thermal
noise of an input 47k would be some
3.9 uV (20kHz bandwidth, 300°K).

I agree with Mr Walker that the use of
an R.I.A.A. equalized circuit changes this
case by altering the special distribution of
the noise but this also makes it difficult to
specify what the noise figure is in respect
of an input signal which also is assumed to
increase with frequency.

J. L. Linsley Hood,
Taunton.
Somerset.

“Biamplifier” loudspeakers

We read with interest Mr Hiscocks’ letter
in the March issue, commenting on Mr
Kelly’s article on loudspeakers. We note
particularly his comments concerning the
use of active crossover networks and the
use of separate power amplifiers for each
loudspeaker. The Gabraphone 2001-6
Reproducer System employs a highly
developed form of exactly this principle.

Following the pre-amplifier stages, the
audio frequency range is separated into
three bands by filters. A user control is
provided for each band to permit
individual adjustment of the lower, middle,
and upper registers. The separate signals
are then passed to individual power
amplifiers, 6 in all, each of which drives an
associated loudspeaker unit in the
specially designed enclosure.

Our observations and measurements
confirm the freedom from intermodulation
distortion which you anticipate, as well as
the elimination of transient distortion
introduced by the conventional passive
crossover network.

In our view, the additional cost of this
system is well justified by the improved
quality of results obtained, and evidently
the discriminating customers who
purchase this equipment agree with us.

S. Gabr,

Modern Engineering & Technology Ltd.,
Canterbury,

Kent.
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3. Inductive and capacitive displacement transducers

by Richard Graham

The absolute method of displacement and
position measurement described in the last
article is one of the most accurate and
reliable known to man of positioning the
workpiece in a machine tool. It must be
admitted, though, that it comes expensive.
Furthermore, other applications in which
position measurement is carried out may
not need the ultimate in accuracy,
long-term stability, digital read-out and
friction-free operation. The engineer must
be a practical man, and it makes good
sense to provide the required performance
at a reasonable cost, and not to saddle
whoever is paying the bill with more
accuracy, etc. than he can use.

Inductive transducers

Considerably cheaper, but still accurate
and extremely sensitive, is the linear
variable differential transformer — a
device which is substantially easier to use
than to say. Fig. 1(a) is a sketch of the
transducer in which are shown a primary

and two secondary windings on a

common, cylindrical former.  The

secondaries are wound in phase
-0
a.c. source

core movement —»

(b)

Fig. 1(a) Sectional drawing of Lv.d.t.
(b) Output signal from the lv.d.t. Ina
phase-sensitive detector the left side
would be negative.

opposition, and the three windings are
penetrated by a core, which is movable
axially. When the core is in the centre
position, the magnetic flux linking the
primary to the secondaries, via the core, is
equally distributed, so that the output
difference voltage is zero. As the core
moves to favour one secondary, the
voltage from that secondary increases at
the expense of the other and a difference
voltage appears. Moving the core in the
opposite direction by the same amount
produces a difference voltage of the same
amplitude but of opposite phase. The core
movement /output voltage characteristic,
neglecting phase, is shown in Fig.1(b).
Departures from linearity are of the order
of 0.25% of end-to-end output, and at the
origin, there is not a perfect null unless
steps are taken to provide one by external
electrical means.

Unless the core is required to pass the
centre position, the output can be
indicated directly by an ordinary
pointer-type instrument of high impedance
or by digital voltmeter. For full-range
indication, a phase-sensitive meter is, of
course, required. The transducers can be
obtained in ranges from 0.05in to 10in,
full-scale, the output being in the order of
0.02mV to 2mV per volt applied per
0.001in displacement.

This transducer has much to
recommend it. Mechanically, it is
simplicity itself. There is no friction and
the device is invulnerable to hard use and
hostile industrial environments. The
alignment of the moving core is not critical
and there are no rubbing surfaces to wear.
Electrically, while not as linear as the
digital type of transducer, it is adequately
accurate for the majority of applications.
It has a continuous characteristic,
providing an infinitely small resolution,
and it is mechanically and electrically
stable.

Applications of the L.v.d.t. are numerous
and range from pressure measurement to
the determination of acceleration; any
parameter, in fact, in which the variable
can be turned into a linear movement can
be measured by an lv.d.t. system. An
interesting application is that shown in
Fig.2, where the static l.v.d.t. is being used
to determine the eccentricity of a lorry
tyre. The system is by Sturge Automation?
and is capable of detecting eccentricities of

2w americanradiohistonscom

Fig.2 Tyre eccentricity measurement by
Sturge Automation. As the tvre turns, the
output of the transducer is recorded.

0.002 inch on a 40-inch tyre. Similar
systems. using multiple transducers, are in
use to detect variations in the thickness
of continuous sheet material during manu-
facture. The output is presented digitally.

L.vdts can be used to measure
acceleration by the arrangement of Fig.3.
In this type of instrument, the windings
are stationary relative to the body whose
acceleration is being measured, the mass
of the core and associated spring flexures
being free to move. The deflection of the
core is proportional to the applied force
due to acceleration.

The testing of metallurgical specimens
is an application in which the l.v.d.t. excels
by virtue of its linearity and stepless
output. Fig.4 shows such a measurement
suggested by Schaevitz!, in which a
tensile test specimen is being extended, the
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L core extension
/

| acceleration

spring flexure

Fig.3 The Lv.d.t. in an accelerometer
application.

Fig. 4. When used in an extensometer, the
core is completely free to move and is not
damaged when the specimen breaks.

to indicator
or recorder
g

adjust

Fig.5 The LD5000 inductive half-bridge transducer by Philips.

Adapter, stainless steel, 27 mm dia.
Special nut, brass

Insulating bushing, polystyrene
Inner electrode, stainless steel

»>wN =

Outer electrode, stainless steel, 20 mm dia.
Dielectric tube, polystyrene, 16 mm dia.
Threaded insert, 3-mm metric thread
Coupling section, aluminum

Fig.6 The DISA dielectric-change transducer type 51D0O5.

a.c.input

output

Fig.7 Rank Precision capacitive displacement transducer.
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l.v.d.t. being used to measure the
extension. The core and windings are, of
course, completely separate, so that when
the specimen ruptures, no precautions are
necessary to prevent damage to the Lv.d.t.

Similar, in some respects, to the Lv.d.t.
is the half-bridge inductive transducer. It
consists of a tube of non-magnetic
material, on which are wound two coils
forming two arms of a bridge network. A
ferromagnetic core moves in the tube,
varying the inductance of the coils
differentially and unbalancing the bridge,
which is completed by resistive arms.
These devices possess the advantages of
the lLv.dt. and are cheaper to make,
measuring from + 1 millimetre to + 150
millimetres at a maximum non-linearity of
less than 2% of stroke. Philips?, in
common with other manufacturers,
provide a range of signal generation and
handling equipment. In conjunction with
this equipment, it is possible to obtain
full-scale deflection at the indicator for a
deflection of one micron.

Capacitive transducers
As may be expected, the “other” property,
capacitance, can also be exploited to
obtain displacement measurement. The
capacitance of two plates is proportional
to kA /D, where A is the area of overlap, k
is the dielectric constant and D is the
distance between the plates. The variation
of any one of these parameters will
produce a capacitance change, and all
three have been used in commercial
equipment. To derive a useful output from
the capacitance change, the variable
capacltor is made a part of the tuning
element in an oscillator’s tuned circuit, the
resulting frequency modulation being
detected and used to operate the desired
output device. In the case of the
transducer working with plate separation
as the variable, the distance/capacitance
characteristic is hyperbolic and requires
an electronic linearizer to give a true
indication. Disa* manufacture a range of
capacitive displacement transducers,
together with signal processing equipment,
and Fig.6 shows their Type 51DO3, which
is of the dielectric-change variety. The
change in capacitance as the dielectric
tube moves axially is linear with
displacement. This type is intended to
measure large axial movements up t0 7cm
and, as the coupling section is hinged, can
be used to convert rotary movement into
linear displacement. In this way, it is
valuable as a piston stroke transducer in
the investigation of i.c. engine operation.
The measurement of large displace-
ments is also the function of a system
made by Rank Precision® (originally by
Reilly Engineering) shown in Fig.7. In this
case, a series of cylindrical electrodes are
arranged end-to-end in the form of a rod.
Sliding over the rod is a cursor cylinder
exactly equal in length to one stator
segment or a multiple thereof. Each
segment is fed from a tap on a
voltage-dividing transformer, the voltages
increasing arithmetically in amplitude. The
cursor is coupled purely capacitively to
the stator segments and the voltage output
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Fig.8 Wayne Kerr capacitive probe
system.

from the cursor increases continuously as
it moves from the low-signal end to the
other. To take account of any errors in
length of the stators or inaccuracy in the
transformer taps, additional variable
voltage sources are connected in series
with the taps, the voltages applied to the
stators thereby being capable of slight
variations. The output of the cursor is
measured by nulling a bridge circuit,
which gives a degree of immunity to
supply voltage variations. Accuracy of
measurement is extremely high, the error
over a 20-in transducer amounting to no
more than 0.0001 in peak to peak.

Applications include the calibration of
automatic machine tools, high-speed
measurements on machines where a digital
system may be subject to error, and
materials testing where long-term stability
is required as in the measurement of creep.
Short-range transducers are also made,
and consist of only two stator segments
and a cursor, an arrangement which is
effectively a differential capacitor.

The Wayne Kerr® Dimeq TE200 range
of equipment is another embodiment of
the variable capacitance technique. Fig.8
shows a sketch of the principle, in which
one “plate” of the capacitance in question
is the transducer. The other electrode is the
metallic structure under examination,
which is connected to the instrument
ground. The capacitor formed by the
probe and structure is made the negative
feedback element in a high-gain amplifier,
to which is applied a constant-amplitude
16kHz signal. If it is assumed that the
open-loop amplifier gain is very high, there
is a virtual earth point at the junction of
the fixed C stand and the probe capa-
citance C probe. The closed-loop gain of
the amplifier is proportional to the
reactance of the probe capacitance, which
is proportional to d, the distance between
the probe and the earthed structure. The
output signal is therefore directly
proportional to this distance. The
application of the system lies in the
measurement of vibration, thickness, bore
diameters and eccentricities and is capable
of indicating displacements in the range
0.5mm to 2.5mm.

The transducers and systems described
in these two articles have been selected
from a large number of devices currently
in use, employing the properties of
capacitance, inductance, resistance and
ultrasonics to provide the detection and
measurement of position, displacement
and distance. Many more exist, and it is
not intended to imply that the types that
are not described are inferior — it is
simply that the choice is limited by space.

In the next article, I shall deal with the
use of electronics in the weighing industry.
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Sixty Years Ago

This was the first issue after the launch of the
journal under its new name. Although wireless
telegraphy ceased to be our prime concern
some time ago, the broad aims of Wireless
World appear to have remained substantially
the same.

“In presenting the first number of THE
WIRELESS WORLD last month, we do not
think we were unduly sanguine in thinking that
it would occupy a place in periodical literature
which has hitherto been left unfilled. Its
reception has justified the opinion that the
magazine would meet a distinct need, and
the cordial welcome which it has received
from all quarters and from the technical
and general Press encourages us to
look for the rapid achievement of our object
to make it ‘a magazine for everyman’. The first
number had an issue of fifty thousand copies,
but, large as this quantity may appear, it was
by no means too large to cope with the
demand. An encouraging feature was the
numerous ‘repeat’ orders from newsagents
and booksellers in all parts of the country.
These facts are worth mentioning because they
illustrate more strikingly than anything
else can the great public interest in the
subject of wireless telegraphy, and their
eagerness to read about it when the subject
is presented in such a manner that it will
not be beyond their scope.”
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H.F. Predictions — |
May

These notes are prepared during the first few
days of the month prior to publication, which
unfortunately precludes basing the ionospheric
“weather” forecasts on observations made
during the month immediately preceding the
forecast month. However, over the few years of
a sunspot minimum which is expected at the end
of 1974, advance forecasts can meet with
moderate success.

There was a prolonged magnetic disturbance
at the end of March which will almost certainly
recur from the 13th to 20th May with a possible
extension to the 25th. The first part of the month
is expected to be quiet, the period 8th to 12th
being the most favourable.
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About People

Thames Television has appointed
Brian G. Scott, M.LEE., to
become head of engineering, and
A. J. Rickards, M.LER.E, as
deputy head of engineering. Mr
Scott joined ABC TV in 1961
in technical operations, following
design and systems experience on
closed circuit television. He was
transferred to Engineering Projects
in 1964, and made deputy head of
engineering for Thames in 1968.
He became head of engineering
projects in 1970. Mr Rickards
joined ABC TV in 1960 from
E.M.I. He was head of engineering,
planning and installation in 1968
for Thames, and subsequently
became head of the development
and maintenance department.

Among those recently elected
Fellows of the Royal Society are
the following:

Professor W. J. G. Beynon,

C.B.E, Ph.D, D.Sc., AMILEE,
professor of physics in the
University College of Wales,
Aberystwyth. He is distinguished
for his work in ionospheric studies
and for his réle in the organization
of the International Geophysical
Year and the International Years
of the Quiet Sun. J. G. Bolton,
B.A. (Cantab), is director of the
Australian National Radio Astron-
omy Observatory and is distin-
guished for his contributions to
radio and optical astronomy, the
development of instruments and
the optical identification of radio
sources. Professor H. H. Hopkins,
Ph.D., D.Sc. (Hon), who is profes-
sor of applied optics at the Univer-
sity of Reading, is known particu-
larly for his work in theoretical and
applied optics, especially the wave
theory of aberrations, fibre optics
and the zoom lens.

Roy Blythen has been appointed to
the Board of EM.L. Sound &
Vision Equipment Ltd, at Hayes.
Joining E.M.I’s research labora-
tories in 1934, Mr Blythen
became involved with the develop-
ment work which led to the first
high-definition television system in
1936. As part of the EM.I. televi-
sion research team, led by Sir
Isaac Shoenberg, he was primarily
engaged in the design of the trans-
mitting equipment used for broad-
casts from Alexandra Palace. Dur-
ing the second world war, he
worked on the first form of air-

borne radar which E.M.1. deve-
loped and manufactured during
this period. In 1945, he returned to
research and development work on
television transmitters and aerial
systems until 1957 when he trans-
ferred to the Broadcast Equipment
Division. When E.M.I. Sound &
Vision Equipment Ltd was formed
in June 1972, he was appointed
general manager of the Telecom-
munications Division.

Sinclair Radionics has appointed
Mike Pye, M.A. (Cantab), as
research and development con
troller. Mr Pye was previously

consumer branch manager of
Texas Instruments, Bedford,
where his work included the

design and development of linear
integrated circuits. He joined T.L
four years ago from Plessey.

L. A. Smulian, B.Sc., previously
general manager, Transmission
and Electronic Exchanges division,
Plessey Telecommunications, has
been appointed managing director
of the Plessey Microsystems divi-
sion. Mr Smulian has been with
Plessey since 1966 when he joined
Plessey Radar as manager, Display
and Data division.

Two major appointments within
Plessey Memories are  also
announced. Bernard J. Hadley,
F1EE, who for the past five
years has been managing director
of International Rectifier Company
(GB) Ltid, joins Plessey to head the
Memories marketing  activities.
Appointed operations executive
(world-wide) to control the Plessey
Memories production programme
is Alan W. Jones, M.A., who
was works director, Keith Black
man Ltd.

The secretary of the Society of
Electronic & Radio Technicians,
Anthony J. Kenward. B.Sc,
AM.LER.E, has been appointed
a member of the Technician Edu-
cation Council by the Secretary of
State for Education & Science,
Mrs Margaret Thatcher. Mr Ken-
ward was educated at Haberdash-
ers Aske’s School and Sexey’s
School, Bruton. He studied physics
at the Polytechnic, Regent Street,
and obtained an external London
degree in 1946. His experience
includes 16 years on the staff of
the Institution of Electronic &
Radio Engineers as education

officer responsible for all member-
ship, education and examination
activities. During this period he
was a joint secretary of the Joint
Committee for Higher National
Certificates & Diplomas in Elec-
trical & Electronic Engineering. He
has been secretary of S.E.R.T.
since its formation in 1965, and of
the Radio Television & Electronics
Examination Board since the same
date. He is currently chairman of
the Technician Engineer section of
the Engineer’s Registration Board.

The board of British Insulated Cal-
lender’s Cables has announced
that Lord McFadzean has decided
to relinquish the chairmanship and
retire from the board in May, after
almost 41 years’ service. The
board has accepted his decision
with regret and, in recognition of
his outstanding contribution to the
B.1.C.C. group has elected him as
Honorary President for life, in
which capacity his wide experience
will continue to be available to the
company for certain special ser-
vices and for consultation. Wifliam
Fraser, C.B.E., at present deputy
chairman and chief executive, will
relinquish these positions and suc-
ceed Lord McFadzean.

Hewlett-Packard have announced
the appointment of Robert Somer-
ville as the television studio
manager in their plant at South
Queensferry, West Lothian. Mr
Somerville’s appointment is unique
in Scotland as this is claimed to be
the first television studio to be
opened by an industrial organiza-
tion. He will take up his appoint-
ment almost immediately and
undergo intensive training in the
company’s German factory, where
a studio has aiready been estab-
lished, and later at Heriot Watt
University.

Richard Foxwelll, CBE., a
founder director of Wayne Kerr,
and its chairman since 1958 when
the company became a member of
the Wilmot Breeden group, has
retired from the board. Mr Foxwell
was appointed C.B.E. in 1967 for
services to export. He was pre-
sident of the Scientific Instrument
Manufacturers Association from
1969 to 1971.

Ian A. Denny, B.Sc (Eng), has
been appointed chief executive of
BEPI Electronics Lid., Galashiels,
specialist manufacturers of printed
circuits, on the retirement of K. G.
Mill. Mr Denny joins BEPI from
the P. E. Consulting Group ILtd
where he was senior consultant for
eight years. He was previously
with the Plessey Group. He was
born in Glasgow and educated at
Berwick County Grammar School
and Edinburgh University.

UCC Computer Instrumentation
Ltd have just announced the
appointment of David Sanders as
o.e.m. manager for their Digital
Equipment division, with responsi
bility for engineering support
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before and after delivery of
equipment. Mr Sanders has con-
siderable experience in the solution
of o.e.m. problems in the field of
computer and d.p. engineering,
having completed three years as
the senior sales engineer dealing
with  the division’s Southern
Region customers. Prior to joining
C.I.L. he served in various com-
mercial engineering capacities with
Plessey Automation over a period
of eight years, where he was
involved technically with many
forms of computer peripheral
equipment.

H. Kenneth Jolly, M.A_, has been
appointed director of the British
Radio Equipment Manufacturers
Association and chairman of the
executive council of the Associa-
tion. He succeeds Sydney All-
church, O.B.E., who, as we
announced in the April issue, has
retired. Mr Jolly has been secre-
tary of the Association since Sep-
tember 1966. During that period
he has been particularly associated
with the promotion of colour tele-
vision in Great Britain. with the
television and radio industry’s pre-
parations for entry into Europe
and with studies on imports of
consumer electronic products.

John Lewis, B.Sc. (Eng). of the
B.B.C’s engineering designs depart-
ment is going to Beaverton, Ore-
gon, US.A, for six months to
undertake a design exercise in col-
laboration with Tektronix Inc. Mr
Lewis, who is a graduate of Lon-
don University, has for a consider-
able time been working on the
design of specialized units to be
used in connection with oscillo
scopes for monitoring broadcast
television signals. Mr Lewis will
conduct the final stages of his
investigations in the Tektronix lab
oratories.

Among the annual awards
presented by the LE.E.E. in Febru-
ary were the Edison Medal and the
Founder’s Medal. The former was
awarded to Dr B. D. H. Tellegen
“for a creative career of significant
achievement in electrical circuit
theory, including the gyrator”.
After receiving a degree in elec-
trical engineering from the Tech-
nical University of Delft, Holland,
he spent his career with Philips
Research Laboratories in Eind-
hoven. retiring in 1962 after 38
years. The Founder’s Medal was
presented to W. R. Hewlett and
D. Packard “for leadership in
the development of electronic
instruments, for creative manage-
ment and for public service”.
Messrs Hewlett and Packard
started their company in 1939 and
now employ over 18,000 people
internationally. Mr Packard is
chairman of the board, and has
been U.S. deputy Secretary of
Defence. He is a member of the
National Academy of Engineering.
Mr Hewlett is president and chief
executive officer of Hewlett-
Packard.
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Circuit Ideas

circuits, preferably in the first sentence.

Simple tunable notch filter

Most active RC notch filters are difficult
to tune because the rejection at the notch
frequency depends on the accurate gang-
ing of several potentiometers or variable
capacitors (three in the case of the twin-
T filter). The circuit shown has a notch
frequency which can be varied by one
potentiometer only, the notch rejection
being independent of the setting and the
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Concise descriptions of new circuits are invited for Circuit Ideas, for which £5 is paid on
publication. Contributors should say how their circuit is an improvement over existing
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bandwidth between points of 3dB attenu-
ation on either side of the notch being
independent of the frequency to which the
filter is tuned. The circuit consists of a
bandpass filter tuned by R, followed by
a virtual earth summing circuit that adds
the output of this filter with the input signal.
Notch rejection is set to maximum by
adjustment of R,. Using the values shown

-+

the filter tunes from 170Hz to 3kHz, a
bandwidth between 3dB points of 230Hz
and a notch rejection of better than 40dB
over the complete range. A voltage-tuned
notch filter may be realised by replacing

R, with a fet. operated as a voltage-
variable resistor.

R. J. Harris,

Wells,

Somerset.

Bench power supply

The circuit shown provides 0 to 15V and
a current up to 175 mA. Current limiting
is provided by the 5.6-ohm resistance and
the diode D,. When the voltage across
the 5.6-ohm resistance exceeds about
1.2V, the current source 7r, produces less
current and the output voltage is reduced.

The 15-k £ resistor from the emitter of
Tr, provides feedback so as to reduce the
current variations through the regulator
diode. A 10% line voitage change there-

IN4OO1

20

fore produces only a2mV + 0.01% change
in Vo, A full load current change pro-
duces a 15mV output voltage change: and
the output voltage recovers in 3us to within
10mV of V,,, after a full load current
change. The three-transistor combination
Tr,, Tr, and Tr, therefore provides fairly
high gain and wide bandwidth. Output
impedance at 100kHz is less than 0.3 ohm.
Output voltage temperature coefficient
depends on the regulator diode temperature
coefficient, the base-emitter junction of

2,000n
35v

Tr, and, at low voltage, the germanium
diode. In this respect the circuit is inferior
to conventional circuits and a coefficient
of 12mV + 0.1%/deg C is achieved. Out-
put ripple voltage is greatly dependent on
the Early effect in Tr,. Using the device
shown a ripple of less than 1mV is obtained.
Charge storage spikes from the rectifier
diodes are removed by the 100nF capacitor
across the transformer secondary.

J. A. Roberts,

Merthyr Tydfil.
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World of Amateur Radio

New threat to 3.5MHz?

For many vyears the world-wide
“exclusive” amateur allocation of 7000 to
7100kHz has been virtually “occupied”
for many hours each day by high-power
broadcasting stations — including Radio
Peking, Radio Cairo and Radio Tirana
(Albania) — working in defiance of the
IL.T.Us Radio Regulations. China has
recently acceded to the International
Telecommunications Convention of 1965
but in doing so has entered reservations
concerning any adoption of the frequency
assignments and utilization of the Radio
Regulations, so there is now little reason
to hope for any sudden departure of Radio
Peking from 7-MHz amateur frequencies.

Equally disturbing is that Arthur
Cushen, the well-known New Zealand
short-wave listener, writing in Electronics
Australia, is reporting increasing intrusion
by broadcasting stations into the 3.5-
3.8MHz band. Although this band is
shared by various services and amateurs,
nowhere is it designated for broadcasting.
So it is in breach of the Radio Regulations
that Radio Peking has been using
3.64MHz, Radio Pyongyang (North
Korea) 3.56MHz. and a station at Dili,
Timor. after many vears of operating
within an assigned broadcasting allocation
on 3.268MHz, has recently moved to
3.665MHz.

On the DX bands

The first quarter of the year has seen a
notable series of re-occurring magnetic
storms, spaced at roughly 27-day intervals
and caused by a persistent group of sun
spots on successive passes. While they
lasted, these storms produced disturbed
h.f. conditions and a general absence of
DX reception on 21 and 28MHz. In the
initial stages, however, they fortunately
tend to produce higher m.u.fs and short
spells of good conditions one of which,
fortunately, coincided with the A.R.R.L.
c.w. contest. Regular fade-outs of this type
are generally associated with the declining
phase of a sunspot cycle and have
reminded many amateurs that we now
face further decline in sunspot numbers.

A new 28-MHz beacon, ZC4CY on
Cyprus, is now active and has been well
received in the U.K.

From September !, the A.R.R.L. is to
cease issuing DXCC awards endorsed for
phone only operation — in future this
well-known award will be issued without
distinction between phone and c.w.
operation.

The Russian Antarctic bases now have
callsigns with the prefix 4KI with the
particular base indicated by the first letter
following the figure ! (A, Molodezhnaya;
B, Mirny; C, Vostok; D, Novolazares-
kaya; F, Bellinghausen; G, Leningrad-
skaya; and H, Russkaya).

A question of deviation

The rapid growth in the use of frequency
modulation techniques by British amateurs
in the 144-MHz band has raised the
thorny question of compatibility with a.m.
operators who complain that f.m.
transmissions occupy excessive band-
width. The a.m. people feel that only true
narrow-band f.m. (maximum deviation less
than + 5kHz) should be used so that the
emissions occupy only the same channel
width as a.m. But there appears to be no
such restriction written officially into the
amateur licence, and many of the new and
converted f.m. equipments now being used
on 144MHz are designed for significantly
wider deviations and often cannot be
operated efficiently on n.b.f.m. For
example, it would seem that where a
receiver i.f. of 10.7MHz is used only
discriminators based on quartz crystals
are really suitable for n.b.f.m. reception
and these are still few and far between.
Similar debates have arisen in other
countries. Glen Zook, K9STH /5, writing
in the American CQ magazine states that
in the United States the growth rate of f.m.
is levelling off, and the f.m. enthusiasts
are beginning to look for better equipment.
Some of the problems are due to the
adoption or adaption of equipments
originally designed for use in 25, 30 or
even 50kHz channels. When these are
used in crowded amateur bands severe
adjacent channel interference may be
experienced by the f.m. operator — apart
from the annoyance to a.m. operators —
and the transmitters and receivers often
drift excessively in frequency and suffer
acutely from intermodulation problems.
Glen Zook believes that the time is
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rapidly approaching when some of the
“ready-to-go” f.m. equipments will have to
undergo a major redirection in design. He
also believes that better quality crystals
need to be used for higher stability with a
minimum tolerance of 0.001% and
preferably 0.0005% or better, and that
equipments suitable for strictly narrow-
band operation will appear on the market
in the near future.

In many countries the growth of
“repeater” operation has been a major
factor in the adoption of f.m. In the U.K.
the site of the first experimental f.m.
repeater, GB3PI, which has been
operating for several months at
Cambridge, is expected to be changed
soon to a much higher site at Barkway,
Hertfordshire, about 12 miles farther
south and potentially within range of
London mobile stations. GB3PI accepts
signals on 145.15MHz and retransmits
them on 145.75MHz when triggered by a
half-second 1700Hz tone burst (see
“W.0.A.R.,” August 1972).

The first European linear repeater,
capable of accepting all modes, is now
being tested in Czechoslovakia with the
call-sign OKOA, accepting signals on
145.1MHz and retransmitting them on
145.7MHz.

In brief

The annual convention of the Northern
Radio Societies Association will be held at
a new venue — the Forum Halls,
Wythenshawe, Manchester — on Sunday,
May 6. Member societies will again
compete for the G3AYD trophy awarded
to the stand giving the best presentation of
some aspect of Amateur Radio. There will
also be trade stands and talk-in stations
and GB2NRS will operate on all h.f.
bands (details Peter Taylor, G8BCG, 2
Columbia Avenue, Gorton, Manchester
M18 7LG). . . . The South Leicestershire
Mobile Rally will be at Westfield Activity
Centre, Rosemary Way, Hinckley, Leics,
on May 13. . .. Islenzkir Radioamatorar,
the National amateur radio society of
Iceland, has joined the Region 1 division
of the International Amateur Radio
Union, bringing the division to 41
member-societies. . . . A change of venue
for the R.S.G.B. Dinner Club has been
announced from May 4 (Royal
Westminster Hotel, Buckingham Palace
Road, Victoria, London). . . . Thomas
Jenkins (74 Rhos Road, Rhos-on-Sea,
Colwyn Bay, North Wales) is writing a
book on the exploits of Radio Officers
during World War II and would welcome
information on personal experiences. His
book is being dedicated to the 1500 Radio
Officers who lost their lives during the
war. . . . Address of the Hon. Secretary of
the British Amateur Radio Teleprinter
Group has changed recently; it is now 2
Orchard Close, Toddington, Dunstable
(Tel. Toddington 2470). . . . The world
distance record on 144MHz is an
incredible 2540 miles — but it is worth
remembering that it was set up as long ago
as 1957!

Pat Hawker, G3VA
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Test and measurement
needs flexibility;

the TM 500 SERIES

has got it-and lots to spare

The TM 500 Series Test and Measurement System is organised
around two types of mainframe, the TM 501 and the TM 503,

Portable / Flexible Portable /Versatile

Reduced bench clutter e

The TM 503 is a BOFIDAT e )
| three-compartment mainframe ac$ept- ‘.
mainframe accept- '29 as%é%ne' £
ing any combination the 5U0-Series
of three of the plug-in modules.
500-Series plug-in

modules. The plug-in

EERIEREY oo coronaion Flex1ble/C0mpact /
o — significantly saves

bench space, and by using the intra-compartment ROOm tO gYOW
mterface; featured in jche TM.503 multi- furctlon Cabinet-to-rackmount
applications are readily obtained. The TM 503 incor- conversion kits enable either

porates a carrying handle and a tilt stand for con- one or two TM 503 main-
venient bench-top use.Size? Only 6x8.7x15.3in. frames 1o-Become.a rack

installation, increasing still
further the flexibility of the

TM 500 Series concept.

The combination of three

or six of the 500-Series
plug-ins, plus the ‘mix-and-
interface facility, offers a variety
of measurement capabilities.

Plug-; dul | seeing is.-believing
Ug-m modu €S Write or telephone for demonstration
A choice of 14 (and more to be announced) plug-in and full details now.

modules i1s available, covering Digital Counters,
Digital Multimeters, Power Supplies and Generators.
Each urit. front panel colour-coded for ready

identification, offers low cost per function. TEKTRONIX®
. Tektronix U.K. Ltd., Beaverton House,

P.O.Box 69, Harpenden, Herts.
Tel: Harpenden 61251 Telex: 25559



www.americanradiohistory.com

a8 Wireless World, May 1973

BURNDEPT HAVE PLANS
TO SPEED UP A BUSINESS
ON THE MOVE

Burndept commu-
nication systems will
give any business a move on.

Firstly, Burndept have
the planning skill.
With 50 years' experience in
: radio communications, they'll plan a
system according to your needs.
Secondly, Burndept have the equipment.
Burndept's new Personal Radio-telephone is the most
versatile unit yet designed, It's small and light, and
has a wide range of accessories. So it can be used by
anybody anywhere—airlines, construction firms, the oil
industry—all find a use for it. The Burndept mobile
unit is easily installed in lorries, cars, fork lift trucks,
Burndept Radio-telephones are available in the VHF
frequency bands (either FM or AM) and in the UHF band
for greater penetration and clarity in urban areas.
Burndept back up their systems planning with a most
efficient after-sales service.
So you’ll always get the best out of Burndept—
and speed up your business on the move.

WITH US, SERVICE COMES FIRST.

Burndept Electronics (E.R.) Ltd.

St. Fidelis Road, Erith, Kent. Tel. Erith 39121
Rt o

WW—084 FOR FURTHER DETAILS

wwWwW._americanradiohistorv com
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New Products

Waveform monitor

Rohde & Schwarz have designed the OKF
waveform monitor for television
measurements. Covering the 0 to 20MHz
range, the OKF has threc switch-selected
isolated Y inputs, i.e., a low-impedance
input (Z = 758 ), a high-impedance input
(Z, =M/ /20pF) and a bridging-
filter input (£ = 75Q).

The high accuracy claimed for this
instrument arises from its vertical
magnification and shift facilities: picture
signals can be displayed up to an
equivalent height of 150mm, allowing
measurement accuracy to within 0.5%.
Other features include: d.c. restoration for
composite colour video signals: noise
voltage measuring circuit for an equivalent
display height of 500mm, with a wide
Y-positioning range (measurement pos-
sible down to —60dB); linearity measuring
circuit for 1 and 4.43MHz; individual
display of the four PAL-interlaced fields of
a composite colour video signal; and H
delay for display of line or testline details
and double triggering of the main sweep
generator for excess-level signals. Aveley
Electric Ltd, Roebuck Road, Chessington,
Surrey KT9 ILP.

WW316 for further details

“Tallboy” oscilloscope

A new, low-cost oscilloscope which has
been added to Telequipment’s family of
lightweight portables is called the D61,

and is a dual-trace 10MHz instrument
developed for general purpose applications
including TV servicing. Its all solid-state
components, generally rugged construc-
tion and upright proportions are claimed
to make the instrument ideal for field
work.

Triggering, selection for TV line and
frame displays, and selection of chopped
or alternate modes are all automatically
selected on the timebase on the D6l,
which also switches one vertical channel
to the horizontal input for X—Y displays.
Price £110. Tektronix U.K. Ltd,
Beaverton House, 36-38 Coldharbour
Lane, P.O. Box 69, Harpenden Herts.
WW321 for further details

H.F. drilling machine

Adcola Products Ltd has introduced a
compact, high frequency p.c.b. drilling
machine. Known as the Quick Star, the
machine has been designed to fill the gap
between expensive automatic p.c.b.
machines and slow manually operated
machines which often lack the precision of
the automatics in control. Basically the
Quick Star is intended for rectification of
p.c.b. production work, small batch
production, design and development
laboratories. or as an ancillary machine
for watchmakers, jewellers and dental
mechanics.

It consists of an electro-mechanical
guided, high frequency spindle providing
infinitely variable drilling speeds from
10,000 to 50,000 r.p.m. The drilling unit is
fed from a separate converter, which
means that it can be conveniently
positioned in the most suitable location
while the converter module can be sited
some distance away. The converter
controls the drill speed and infinitely
variable feed. Operation of the feed can be
either by removable hand lever or foot
switch.

A special feature of the Quick Star lies
in the visual drill positioning system,
which includes a cross-wire projection
onto a magnified circular viewing screen
to provide a high degree of precision in
control. This projection system incorpor-
ates two different types of light source —
one built into the optical device and the

\
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other for use with an alternative enlarged
magnifier lens. The selection of light
source is controlled by a switch on the
rear of drill section.

The drill spindle will accept a range of
tungsten carbide drills from 0.2 to 2.00mm
and the stroke height is adjustable from
10mm. The drilling area is 180 sq mm.
The total cost of the drilling
machine, converter module with acces-
sories is less than £600. Optional extras
include an electronic impulse counter, the
enlarged magnifier lens and a larger base
to increase the drill stand area to 320mm
X 400mm. Further details of the machine
are available from Adcola Products Ltd,
Adcola House, Gauden Road, London
SW4 6LH.

WW320 for further details

Video distribution amplifier

Electrocraft instruments announce a self-
contained video distribution amplifier,
providing five or ten independent signal
outputs at 758 from one input. The models
TVT/4/VDA 5-10 are designed to handle
monochrome or colour video signals
for a wide range of industrial and

EdectroCratt Wsteuments Lad
Haslemere, Surray, Englund '

! r—-——'omwu.——-—ig
® 5 ® rd '

TYT/4/VOAS
$ WAY VIDEO DISTRIBUTION AMPLIFIER

commercial c.c.t.v. applications. Housed
in die-cast boxes, the video distribution
amplifiers are of rugged construction
and designed for continuous operation
under arduous conditions.
Price: 5 way £38.00
10 way £58.00
Dimensions: 5 way 4.75 X 3.75 X 2.75in
10 way 6.75 X 4.75 X 2.75in
Electrocraft Instruments Ltd, Liss Mill,
Mill Road, Liss, Hants.
WW310 for further details

D.I.P. resistor network

The Helipot Series 899-40 Resnet d.i.p.
network available from Beckman Instru-
ments has been designed to provide the
optimum termination resistance and
threshold level for interfacing two Intel
L.s.i. chips, the 1103 and the 3208A.

In order to use Intel 1103 — the basic
memory element — in a computer it is
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necessary to interface the device with
t.tl. logic. This interface chip, the
3208A, requires a network of eight re-
sistors for every six bits. The Helipot Model
899-40 Resnet d.i.p. provides six resistors
of 600£2 each (R,), and a voltage divider
(R, and R,) to supply the 150mV threshold
level required for the 3208A.

For the standard Intel 1103, operating
with a minimum read cycle of 480ns and a
minimum write cycle of S580ns, the R,
terminating resistors have the optimum
600 Q2 value.

The R,-R, network provides the 150mV
threshold voltage to the 3208A: R, =
27800 and R, 87.40. Using these
resistor values and the + 5% variation
in 5V power supply regulation, the thres-
hold voltage is 150mV + 13.0mV.

Among the advantages claimed for the
use of the network are: total compatibility
with automatic insertion equipment;
reduction of p.c. board area; and
reduction of assembled board costs.
Beckman Instruments Ltd (Components
International), Glenrothes, Fife.

WW314 for further details

Thick film precision

resistors

Technograph & Telegraph are offering
precision resistor networks, manufactured
by thick film methods, giving a stability
better than 0.15% after 5,000 hours at
125°C. The temperature coefficients for
mid-range resistor values are below 50
p.p.m. °C and temperature coefficient of
resistance tracking of 15 p.p.m./°C can be
achieved. These custom designed networks
can be supplied with resistor tolerances of
+0.5% absolute, or resistors matched to
+0.25%. Packages may be “on edge” or
“dual-in-line” as required by the customer.
Technograph & Telegraph Ltd, Easthamp-

stead Road. Bracknell, Berks. RGI12
INW.

WW317 for further details

High frequency filter

Kinetic  Technology  announces an

extension of the frequency range of the FS-
30 high frequency filter. Utilization of multi-
loop negative feedback allows simultaneous
highpass, lowpass and bandpass transfer
functions. Independent tuning of gain,
centre frequency, and Q is accomplished
with the addition of external resistors.
Qs as high as 1000 can be obtained at
frequencies below 100kHz. The FS-30
is packaged in a 14-pin d.i.p. configuration
measuring 1.5 by 0.5in. Operating temper-
ature range is 0 to 70°C and power
consumption is 156 to 225mW at +15to
+20V. F.0.B. price $40.00 each in
quantities of 100 and delivery is from
stock. Kinetic Technology, Inc., 3393

De La Cruz Boulevard, Santa Clara,

California 95050, U S.A.
WW311 for further details

Wireless World, May 1973

1024-line real time spectrum analyser

A high resolution, real-time digital
spectrum analyzer that provides 1024-line
spectral analysis over a centre frequency
range of d.c. to 40kHz is available from
Sanders Associates for use in radar and
sonar signal processing, acoustic spectrum
level measurement, and noise and
vibration analysis.

Designated DSA-—-2004, it features
all-digital circuitry for translation, filtering,
Fourier analysis, post processing and
storage. The unit, which has modular
construction and built-in  self-test

capability. provides resolutions selectable
from 0.01Hz to 40Hz and an analysis
bandwidth of 10Hz to 40Hz.

The DSA-2004, with an internal sim-
uitaneous multi-channel processing cap-
ability, provides linear and logarithmic
outputs for electrographic recorder, X-Y
chart recorder, c.rt. display and oscillo-
scope. Digital Communications, Sanders
Associates, Inc., 95 Canal Street, Nashua,
New Hampshire 03060, U.S.A.

WW319 for further details

Programmable distor:ion analyser

A new distortion analyser/a.c. voltmeter,
the Hewlett Packard model 334A—-H25,
has all the capabilities of the standard
Model 334A plus programmability of all
functions, ranges and settings. Remote
control is by parallel b.c.d. t.tl. logic. A
d.c. output and an interrogation circuit
have been added so that an external
controller can determine the status of the
instrument during measurements. The
Model 334A-H25 can be manually
controlled with back-lighted front panel
push-buttons.

As a distortion analyser, the instrument
measures total harmonic distortion from
0.1% 1o 100% full scale in seven ranges.
The fundamental frequency range for
distortion measurements is from 10Hz to
100kHz; harmonics are indicated up to
IMHz. Frequency resolution is 3 digits

over the full frequency range. As an r.m.s.
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calibrated volumeter, the Model 334A-H25
measures input levels from 0.3mV r.m.s.
to 300V r.m.s. full scale in thirteen meter
ranges. The frequency range for voltage
measurements is from 10Hz to 1MHz.
Local or remote operation can be selected.
In the ‘“‘local” mode, the Model
334A—H25 is operated as a bench
instrument using front-panel pushbutton
switches. In “remote”, it accepts parallel
8-4-2-1 b.c.d. coded instructions
applied to the remote control Ilines.
Internal storage is not provided. Remote
control lines use standard t.t.l. logic levels.
Provision is made for changing from high
to low assertion states. A total of 34 lines
is required for complete remote control.
The Model 334A--H?25 is priced at £1,732,
excluding duty. Hewlett-Packard Ltd., 224
Bath Road, Slough, Bucks. SL1 4DS.
WW307 for further details
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Solid State Devices

Signetics announce three 8-input digital
t.t.l. multiplexers using Schottky techno-
logy. The 82S30 incorporates an “inhibit”
input which, when low, allows the
one-of-eight inputs selected by the address
to appear on the “f” output and in
complement on the “f output. The 82531
is a variant of the 82830 that provides
open collector output “f” for expansion of
input terms. The 82S32 is similar to the
82830 except for the effect of the “inhibit”
input on the “f” output. With the “inhibit”
low, the selected input appears at the “f”
output and in complement on the “f
output. With the “inhibit” input high both
the ““f and the **f” outputs are
unconditionally low.

Also from Signetics is an ic. fm.
detector and limiter which uses linear
gating techniques and is designated type
ULN 2111. Only a single coil is required
with this device which has a frequency
range from SkHz to SOMHz. Outputs of
0.6V with a total distortion of less than
1% and a limiting threshold voltage of
400 ¢ V r.m.s. are typical. Price is £0.68
for 100-up quantities in the d.il. plastic
package.

Finally there is a dual amplifier used as
an interface between m.os. and t.tl
devices. This amplifier, designated the
8T25, is manufactured in an 8-pin
miniature d.i.l. package. Signetics
International Corporation, Yeoman House,
63 Croydon Road, London S.E.20.

WW326 digital multiplexer

WW327 f.m. detector /limiter

WW328 dual amplifier

Feldon Audio, known more for
professional sound studio equipment,

announce they are to distribute a
monolithic operational amplifier, the MCI
2001. This device was made specially for
use in the MCI range of mixing consoles
and thus has unusual characteristics. The
input has a balanced open loop input
impedance of better than 250k £2, making
the device suitable for summing or
bridging applications, and a low output
impedance capable of driving several
600 2 loads. Open loop gain is 90dB and
the maximum 20Hz to 20kHz closed loop
gain is S50dB. Output capability is
+24dBm into 600 £ and distortion at a
closed loop gain of 20dB is 0.004% t.h.d.
at 1kHz and 0.05% t.h.d. at 20kHz. These
measurements were made at an output
level of +23dBm. Equivalent noise is
—112dB. Feldon Audio Ltd, 126 Great
Portland Street, London WIN 5PH.
WW329 for further details

Three devices are announced by Burr
Brown International. The first is an i.c.,
f.e.t. device, type 3542], and features a

maximum voltage drift of +50 V/C and
a guaranteed input bias current of —25pA.
Hermetically sealed in a TO-99 package,
the unit is pin compatible with 741 type
operational amplifiers. Minimum d.c.
voltage gain is 88dB, full power frequency
response is 8kHz and the slew rate is
0.5V/ 1's. Both output short circuit and
input-to-supply voitage protection are
provided. Output is + 10V at + 10mA.

The second device is a pulse modulation
analogue multiplier with an accuracy to
0.2% (20mV). External trimming will im-
prove the accuracy to 0.1% (10mV). The
absolute maximum input ratings are
+30V and the rated output is + 10V at
5mA minimum. Output noise from d.c. to
10kHz is ImV r.m.s. and the gain error
versus temperature is 0.01% /°C. The
device is designated model 4200 and can
be used for flow rate and power
calculations or, by change of pin
connection, the 4200 can be used to divide
and to take the square root.

Finally, this company introduces a high
speed 8-channel multiplexer with an
internal channel address decoder, type
MPM-8S. Capable of expansion to 256
channels in a multi-tiered matrix, the
device accepts + 10V analogue signals
and binary coded t.t.I. compatible channel
address information. Throughout, speeds
of up to 250kHz are feasible with
crosstalk of — 115dB with a 1kHz full-scale
sine wave applied to all the “off”
channels. Burr Brown International Ltd,
25A King Street, Watford WD1 8BT,
Herts.

WW330 f.e.t. op-amp
WW331 analogue multiplier
WW332 8-channel analogue multiplexer

A high speed r.am. (randome access
memory) and three monolithic arrays of
silicon planar photodiodes are now
available from Mullard. The r.a.m., type
GYQI131, is a 1024-bit device functionally
equivalent to the GYQIO0I r.a.m. as well
as the 1103 type of device. Tt offers,
however, greater operating speed and
dynamic operation with a supply voltage
of 19V.

The diode arrays F758 and F759 have
12 and 16 photodiodes respectively
arranged in a strip with a pitch of
1.25mm. Each diode has an active area of
2.09mm?, operates with a reverse voltage of
15V and has a typical sensitivity of 14nA/
lux. The third array, type F568, contains 12
photodiodes on a pitch of 2.05mm. Each
diode operates with a reverse voltage of
1V to give a typical sensitivity of
40nA /lux. Mullard Ltd, Mullard House,
Torrington Place, London WCIE THD.
WW333 high speed r.a.m.

WW334 photodiode arrays
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Teledyne Philbrick have introduced the
model 1427 f.e.t. operational amplifier and
the model 4853 high speed sample-hold
amplifier. The performance features of the
1427 include a 7MHz bandwidth, 900ns
settling time to 0.01% and an initial offset
voltage of +500 ¢ V. Offset voltage drift
is 50 V/°C or a selected version, the
142701, is available with an offset drift of
25u V/°C.

The 4853 is a high speed 0.01%
sample-hold amplifier with an extremely
low aperture time of +Ins and a low
feed-through of 1mV maximum for a 20V
step. Acquisition time is less than 1 U s to
0.01%. Teledyne Philbrick, Allied Drive at
Route 128, Dedham, Massachusetts
02026, U.A.S.
WW335 f.e.t. operational amplifier
WW336 sample-hold amplifier

G.D.S. (Marketing) who supply products
from Harris Semiconductor and Motorola,
among others, announce the availability of
new devices from both these companies.
From Harris come two devices, a 1024-bit
p.r.o.m. (programmable read-only
memory) and a four-channel operational
amplifier.

The memory, which is high speed and
fully decoded, is designated the HPROM-
1024 A. Access time is typically 50ns and a
maximum of 70ns. Address time is 20ns.
Supply is from a single 5V source and the
device is ttl./d.tl compatible. As
supplied all bits store a logical “I” and
can be selectively programmed for a
logical “0”. The HPROM-1024A has an
open collector output, but a second
version, the HPROM-1024, has a third
high impedance state output which allows
the device to work in a “wired-OR”
configuration. Both devices are supplied in
16 pin d.1.1. packages.

The four-channel operational amplifier,
type HAQ2405, combines the function of
an analogue switch and a high
performance amplifier. Four pre-amplifier
sections, one of which is selected through
d.tl/ttl. compatible inputs to be
connected to the output, are contained
within the 16 pin d.il. package. The
unusual configuration of this device,
which Harris call the PRAM(!) pro-
grammable analogue module — makes it
suitable for use as a programmable
attenuator, multivibrator, active filters,
four-channel comparator and signal
selection /multiplexer.

Also from G.D.S. are the Motorola
c.m.o.s. divide by “n” 4-bit counters.
These are the MCI14522L and the
MC14526CL, both of which are pro-
grammable devices. The first is a b.c.d.
counter and the second a binary counter,
and both devices can be operated from
supply rails from 3 to 16V. The counters
are supplied in 16 pin d.i.l. packages at a
100-up cost of £3.096. GDS Sales Ltd,
Michaelmas House, Salt Hill, Bath Road,
Slough, Bucks.

WW337 1024-bit p.r.o.m.
WW338 4 channel p.r.a.m.
WW339 b.c.d. counter
WW340 binary counter
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May Meetings

Tickets are required for some meetings: readers are advised
therefore to communicate with the society concerned

LONDON

Ist. IEE — “Lord Kelvin and his measuring
instruments” by J. T. Lloyd at 17.30 at Savoy P,
wC2.

2nd. IEE — “Seeing in the dark” by Dr. P.
Schagen, Dr. A. J. Goss, E. D. Hendry and R. D.
Nixon at 16.00 at Savoyv Pl., WC2.

2nd. IEEIERE — Colloquzum on “Electro-
mechanical problems of computer systems” at 17.30
at Savoy PL, WC2.

3rd. IEE — Discussion on “The interface
problem: Radio centre to A.F.C.S.” at 17.30 at
Savoy Pl., WC2.

3rd. IEE Grads — “Careers in control and auto-
mation” by M. G. Shortland at 18.30 at Savoy
PL, WC2.

4th. IEE — Colloquium on “The automation of
railway systems in the *70s” at 17.30 at Savoy PI,,
wC2.

7th. 1IEE — “Digital sound recording” by F. A.
Bellis at 17.30 at Savoy Pl, WC2.

9th. IEE — “A matter of fact: The technical
possibility of a broadcast information service” by P.
Rainger at 17.30 at Savoy P, WC2.

9th. [ERE — “Preparing engineers and managers
for design specification” by Prof. D. Pilfold at 18.00
at 9 Bedford Sq., WCI.

10th. 1EE — Discussion on “Engineering
graduates: Great expectations or hard times?” at
17.30 at Savoy Pl., WC2.

Iith. IEE/IERE — Collogquium on “Recent
developments in  self-organising and heuristic
computers” at 14.30 at Savoy Pi., WC2.

11th. IEE — “Electronic aids in archaeology”
by Dr. E. T. Hall at 17.30 at Savoy Pl., WC2.

I1th. BAS/LPhys. — “Developments in high
fidelity systems” at [.Mech.E., | Birdcage Walk SW1.

14th. IEE — “Non-linear systems analysis by
muiti-dimensional transform methods” by Prof.
H. A. Barker at 17.30 at Savoy PL., WC2.

14th. IEE Grads. — *“Understanding lasers” by
M. Kear and “Transmission line impedance
measurement at microwave frequencies” by J. W.
Gouid at 18.30 at Savoy Pl., WC2.

15th. IEE/IERE — Colloquium on “Electrical
connectors — applications and reliability” at 14.00
at 9 Bedford Sq., WC1.

15th. AES — “Physics and the perception of
musical sounds”, by Prof. C. A. Taylor at 19.15 at
the IEE, Savoy Pl, WC2.

16th. IEE — “A 6GHz radio delay digital trans-
mission system” by E. S. Doe and H. D.
Hyamson at 17.30 at Savoy Pl., WC2.

16th. IERE —  “Meteorological tele-
communications systems engineering” by C. E.
Goodison at 18.00 at 9 Bedford Sq., WC1:

23rd. R.I. Navigation —— “The commercial and
political implications of a global satellite navigation
system” by T. M. B. Wright at 17.00 at The
Royal Institution of Naval Architects, 10 Upper
Belgrave St., SW1.

23rd. IERE — “Adaptive equalization” by Dr.
A. P. Clark at 18.00 at 9 Bedford Sq., WC.

31st. RTS — “Television and satellites for
European education — social, political and
industrial implications” by Dr J. L. Jankovich at
19.00 at I.B.A., 70 Brompton Road, SW3.

MANCHESTER

Ist. [EE — “Investment approval in the Post
Office” by F. Broadhurst at 18.15 at the Renold
Building, UM.1.S.T.

3rd. IERE — “Facsimile — a review” by J.
Malster and M. J. Bowden at 18.45 at the Renold
Building, UM.LS.T.

NEWCASTLE UPON TYNE

7th. IEE — *“Marine electronics reliability” by
M. G. Miller at 18.30 at the University, Room
M421.

SHEFFIELD

2nd. IEE — “New thoughts on sleep and dreams”’
by Dr. C. R. Evans at 18.30 at Telephone House,
Charter Sq.

STAFFORD

Tth. IEE — “Instrumentation & electrical
engineering in vehicle research and development” by
T. R Aston at 19.00 at N. Staffs Polytechnic,
Beaconside. ‘

9th. IEE Grads — “Quadraphonics” by Dr.
K. Barker at 1930 at North Staffordshire
Polytechnic.

Announcements

A short course “Modern Instrumentation and Data

Systems” is to be held at Lanchester Polytechnic,
Priory Street, Coventry CV1 5FB on each Thursday
of May. It is expected that those attending will be
users of electronic instrumentation systems.

The subject of a residential vacation school to be
heid at the University of Birmingham from 16th to
21st September 1974 is “Basic concepts in modern
control theory”. The school is being organized by the
Control & Automation Division of the Institution of
Electrical Engineers and is intended to be of interest
to control systems engineers and to teachers in this
sector of higher education. Further details from the
Secretary, LLE.E., Savoy Place. London WC2R OBL,
quoting the reference LS(CA).

A one-week residential vacation school intended for
practising engineers, scientists and teachers, who
need have no previous knowledge of, but are
interested in, the fundamentals of logic circuit design
is being organized by the Electronics Division of the
Institution of Electrical Engineers. The school
“Logic design — for digital systems” will be held at
the University of Kent in Canterbury from 23rd to
28th September 1973. Further details available from
Senior Divisional Secretary (Electronics), 1EE, Savoy
Place, London WC2R OBL.

The closing date for the receipt of applications for
consideration for the award of scholarships in 1973
from the Council of the Institution of Electrical
Engineers is 1st May. Awards include grants to
deserving students to assist them in obtaining
professional qualifications and grants to assist
postgraduate students (IEE members only) with
advanced study or research. Particulars from the
Education and Training Officer. 1EE, Savoy Place.
London WC2R OBL.

New I[ndustrial Products for Europe — an E.E.C.
trade-boosting product journal — is to be launched
inSeptember. by IPC Industrial Press. To be pub-
lished in each of the six peak European buying
months (Sept.—Nov. and Mar.—May) the journal
will be circulated to 28,000 senior executives of the
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larger companies within the Common Market, ex-
cluding the UK. and Eire. Further information
can be obtained from the Publishing Director.
IPC Industrial Press Ltd. 33/39 Bowling Green
Lane, London EC IR ONE.

Following an agreement concluded with Honeywell
Ltd, the company Wayne Kerr, Tolworth Close,
Tolworth, Surbiton, Surrey KT6 7ER, is now
world-wide distributor for “Swift” digital testers.
These instruments are complementary to the Wayne
Kerr “Testmatic” range of analogue testers.

The computer peripheral company Pertec
International is now at 10 Portman Road, Battle
Farm Industrial Estate, Reading.

Lyons Instruments Ltd, Hoddesdon, Herts. have
announced their appointment as U.K. distributors for
Kinetic Technology Inc., Santa Clara, California,
manufacturers of a range of standard, universal,
hybrid active filters.

Potter Data Products Ltid. Station House, Harrow
Road, Wembley, Middx, is to market the U.S.A.
company Scan-Optics’ 20/20 and 20/10 ranges of
optical character readers.

The contribution of Plessey Radar, Addlestone,
Surrey, to the Eurocontrol Upper Airspace Centre at
Karlsruhe, Germany, covers the supply of the
complete operator input system and over 140 console
operation positions for the centre. The contract is
valued at £1.25M.

Studio Electronics, P.O. Box 18, Harlow, Essex
CM18 6SH, design, build, claibrate and maintain
specialist electronic and communications equipment,
and will quote for this service, which includes
alignment for the Nelson-Jones f.m. tuner and supply
of other kits from W.W. articles.

Coutant Electronics Ltd, 3 Trafford Road. Reading.
RGI 8JR, and APT Electronics are to undergo
re-organization and integration of the two companies’
production. marketing. financing and other services.
Coutant will handle standard power supply products
while APT will develop and produce custom units.

Blueline Electronic Component Services, Refuge
House, River Front, Enfield. Middlesex, has signed
five new franchises for AB Electronic Components,
AEIl Semiconductors, Airscrew Fans, ERG and
Burgess, and has also opened a branch office in
Manchester. Rotary and pushbutton switches and
circular connectors from AB Electronic Components,
microswitches and pushbutton switches from Burgess
and d.i.l. switches from ERG are now included in the
Blueline product range.

A new company has been formed 10 combine the
manufacturing facilities of Semra (Electronics) Ltd
and Benney Electronics Lid. Trading under the name
Semra-Benney (Electronics) Ltd, the company will
operate from a factory situated at Chandler’s Ford.
Hampshire SOS 3ZU. Products and services offered
by the company include a range of nuclear physics
instrumentation and hardware in both the NIM and
CAMAC systems. stabilized modular power supplies
and specialist design and packaging facilities.

A new company known as International Aeradio
Consultancy Services Ltd. based at Southall,
Middlesex, has been formed to segregate
International Acradio’s technical consultancy work
in aviation and communications fom its operational
and other activities. The new company, will
undertake a wide range of consultancy work.

The Society of Relay Engineers has changed its name
to the Society of Cable Television Engineers, 10
Avenue Road, Dorridge, Solihull, Warwickshire. The
Society’s journal. The Relay Engineer, will now
appear as Cable Television Engineering.

Sonax Electronics is now part of the new Chaterville
group of companies which incorporates
Quadrasonics who produce a range of four-channel
audio systems. The group 1s a CBS SQ licensee.
Quadrasonics are situated at Spencer House.
Brettenham Road, Edmonton, London N.18.

Pye TVT Lid, Coldhams Lane, Cambridge, has
received a contract valued at more than £2,100.000
from the Ministry of Culture and Information of the
South Korean Government for a colour television
service for the Korean Broadcasting System.
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Literature Received

For further information on any item include the
WW number on the reader reply card

ACTIVE DEVICES

Two low-power helium-neon encapsulated plasma
tube lasers, providing minimum unpolarized power
outputs of 1.0 and 2.0mW at a wavelength of 633
nm in a beam diameter of 0.725mm, are described
in a leaflet from Hughes Electron Dynamics
Division, 3100 W. Lomita Bivd., Torrance,
California 90509 ..o WWwW401

“Solid State Converter type Vib 24V /9A”. which is
an assembly of the active elements of a d.c. to d.c.
power supply unit designed to be a direct
replacement for the conventional electromagnetic
vibrator units, is the subject of a brochure from
Industria! Instruments Ltd, Stanley Road, Bromley,
Kent BR2 9JF .o Ww402

A catalogue with specifications of over 600 different
tvpes of field effect transistor covering n- and
p-channel junction types, n- and p-channel
enhancement mode types, dual n-channel junction
and dual p-channel enhancement mode devices has
been reccived from Tranchant Electronics (U.K)
Ltd, Tranchant House. 100a High Street, Hampton,
Middlesex TW 12 2ST ..ooiiiiiericnc e Ww403

A data sheet dealing with the 1034 and 103401
general purpose, medium power output, operational
amplifiers providing voltage outputs of +20V with
peak current output of up to +22mA and an
open-loop gain and unity gain bandwidth of 100,000
and IMHz minimum respectively, has been received
from Teledyne Philbrick. Allied Drive at Route 128,
Dedham, Massachusetts 02026, US.A. ........ Ww404

A range of high current (785A r.m.s.) “Hockey Puk
Power Thyristors” capable of single cycle surge
currents of over 9.000A peak at reverse voltages of
between 50 and 600V peak and available in cither
ceramic  case style (500PA  series) or plastic
encapsulation (501PA series) are detailed in bulletin
E2573 from Internationat Rectifier, Hurst Green.
OXIEA, SUITEY .spmssenmepi rmtsstisenssusstssisssssnsensoumes WWw405

Data sheets on photo-sensitive integrated circuits
available from Integrated Photomatrix Ltd, The
Grove Trading Estate, Dorchester, Dorset. include:
PX102 - light level to frequency converter
containing a planar light sensor with amplification
and triggered pulse generator claiming a typical
linearity of +2% ..o WWwW406
PX 117 — 9-channel tape reading array constructed
of 0.100in spaced photo detectors and threshold
SWILCHES. (.t WwW407
PX129 — a family of photo diodes mounted with
analogue amplification having a choice of detection
bandwidths of up to 400kHz allowing selection of
optimum response time or optical sensitivity for
specific applications ...........cccocooveiiiiiiicneen, Ww408

PASSIVE DEVICES

A colourful leafict giving a complete technical
description of “Series 11> illuminated and “Series
21” non-illuminated miniature push buttons, signal
lights and accessories is available from Highland
Electronics Ltd. 33-41 Dallington Street. London
ECIVOBD ........ooiiiiiiiinn Ww409

Miniature compression load-cell type C2M1 and an
adaptor for converting into miniature tension
load-cell tvpe U2M 1 with standard capacities of 100,
200, 500, 1000, 2000 and S5000lb over a
compensated temperature range of *C 1o

+46°C is the subject of a brochure from Guest
International Ltd. Control and Instrumentation
Division, Redlands, Marlpitt Lane, Coulsdon, Surrey
CR3IZHT i WWi1i0

Data sheets describing multi-octave bandwidth
transmission line directional couplers types BD 1040
(10dB coupling. 40dB directivity. 2-50MHz).
BD2025 (20dB coupling. 25dB  directivity,
10-250MHz). ED3020 (30dB coupling, 20dB
directivity, 5-S00MHz), NHP30B four port 180°
hybrid (30dB isolation, 2-32MHz) and some
similarly specified miniature components mounted in
TQO-5 packages arc available from Tony Chapman
Electronics Ltd, 3 Cecil Court, London Road,
Enfield, Middlesex .........cccovvmviiinniiinis Ww4ll

A wide range of double-ridge waveguide components
manufactured by Microwave Research Corporation
of America covers waveguide to coaxial transformers
in the range 1.0 to 38GHz, waveguide terminations
and double-ridge to rectangular waveguide
transitions over the range 3.5 to 16GHz: these are
described in data sheets from Suvicon Lid. Hagley
Housc. Hagley Road, Edgbaston, Birmingham B16
BOW s WWwW412

Copies of catalogue No. 1470 which deals with the
“Surefire” range of compatible and co-firable resistor,
conductor and dielectric paste materials for use in the
manulacture of hybrid and thick-film integrated
circuits, arc available from Johnson Matthey Metals
Ltd, 81 Hatton Garden. London ECIP IAE...........

Cyclic timer type TCP2 which comprises an a.c. or
d.c. motor driven shaft with between 2 and 24
independently adjustable cams. each operating a
separate replaceable s.p.d.t. switch rated at 250V a.c.
at SA, is the subject of a leaflet from Tempatron Ltd,
5 Loverock Road, Battle Farm Estate, Reading,
Berks oo wWw414

Catalogue H/201 giving technical details and
performance figures of tangential and axial air
blowers, induced ventilation units and a range of
frilec fans and trays suitable for a variety of cooling
applications, has been received from Imhof-Bedco
Ltd. Ashley Works, Ashley Road, Uxbridge,
Middiesex UB8 25Q .. WW415

A range of precision d.c. motors, suitable for
servo sysfems and instrumentation. offering high
power-to-volume ratios {0.2W /ecn'). high efficiencics
(57-829%), fast response times (mechanical time
constant from 19ms) and low starting voltages
(100mV typ.). is described in a brochure from
Portescap UK. Ltd. 204 Elgar Road. Reading. RG2
(] D) 0 IR - Sp= SR Y WW416

A new range of five base mounting open fuseholders
accepting either lin x Lin or lin x Fin fuses and
consisting of a twin-fuse model and two single-fuse
models rated at 13A, 250V, and two single-fuse
models rated at SA, 250V is the subject of a leaflet
from A. F. Bulgin and Co. Ltd, Bye-pass Road,
Barking. ESSeX ... wWw417

A catalogue describing the selection of general and
specidl purpose soldering irons, including
sophisticated clectronic temperature controlled irons,
thermal wire strippers and numerous associated tools
is available from Light Soldering Developments Ltd.
28 Sydenham Road, Crovdon CRO 2LL.....WW418
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Lists of components and materials useful to the
electronics or audio enthusiast for home
construction, experiments and servicing are available
from Chromasonic Electronics, 56 Fortis Green
Road, London NIO3HN ... Ww419

A catalogue with technical information and data on
the range of aerials and accessories for
telccommunication  applications such as point-
to-point radio links. television links, satellite tracking.
communications channel interference elimination.
ground-to-air communication, missile tracking and
telemetry is available from J. Beam Engineering Ltd.
Rothersthorpe Crescent, Northampton ......... WwW420
v

EQUIPMENT

The “Venture multimeter range” are portable mov-
ing-coil instruments. taut ligament suspended.
“Multimeter 17 is primarily designed for electrical
engineering where high voltage and high current
measurements are needed. “"Multimeter 37 is a
general purpose instrument with a.c. and d.c. ranges
from 1kV to 100mV and 10A to 30A. “Multimeter
4", intended for clectronic engincering. has
sensitivities of 100k £/V on d.c. and 20k £/V on
a.c. Smith Industries Ltd, Industrial Instrument
Division. Waterloo Road. Cricklewood, London
NwW2 7UR LWW421i

A 72-page catalogue covering a wide range of
electronic measuring and test equipment used in
radar, TV and radio transmission and data dis-
tribution has been received from Magnetic AB, Box
20036, S-161 20 Bromma 20, Sweden. .. ... wWw422

Brochure HP710Y is available discussing resonant
a.c. dielectric testing using both scries and parallel
resonant techniques, together with explanation and
comparison with d.c. and v.f methods. using
equipment manufactured by Hipotronics Inc,
Brewster, N.Y.10509, US.A. ... Ww423

A booklet has been received, describing a
“Modulator Automated System To Identifv Friend
from Foe” (MASTIFF). which is an access control
system developed (0 overcome the problem of
maintaining security in areas where there is a large
volume or considerable movement of personnel, from
Lewis Security Systems Lid, 9 The Crescent,
Leatherhead. Surrey, ........ccooevviiiciiiiiicicene Ww424

APPLICATION NOTES

A six-page application note, AN-6054 ~Triac Power
Controls for Three Phase Systems™ lists basic design
rules, describes an integrated circuit zero voltage
triac triggering switch and details methods of
isolating the d.c. logic circuitry used in threcphase
power control systems. is available from RCA Ltd,
Solid State Europe, Sunbury-on-Thames, Middlesex.
........................................................................... WW425

“F.e.ts as Analog Switches” is an application note
dealing specifically with the basic factors affecting
switch performance and some attention is given (0
switch-driver circuit design, overall switching charac-
teristic and characterization of analogue switches
at high frequencies. Siliconix Incorporated, 2201
Laurelwood Road. Santa Clara, California 95054

GENERAL INFORMATION

A pamphlet cntitled “A simple Adding Machine™,
which is the latest in a serics of educational projects
in electronics produced by the Mullard Educational
Service. describes a simple circuit using FJ serics
integrated circuits for the counter-decoder and
gas-filled numerical indicator tubes for the display.
Mullard Educational Service, Mullard Ltd, New
Road. Mitcham. Surrey CR4 4XY ... S— wWw427

“Aveley News” for January /March discusses TV
relay-receiving systems in cassette construction.
frequency response measurcment using a differential
method and a range of new electronic equipment
from Rohde and Schwarz. Narda Microline, North
Atlantic, Pacific Measurements, Eldorado and
Lockheed Electronics. Aveley Electric Lid,
Roebuck Road, Chessington. Surrey KT9 ILP ...
.......................................................................... Ww428

The 1973 Instrument Society of America’s 36-page
catalogue. describing over 200 current instrumenta-
tion publications and educational aids covering a
considerable area of industry, science and
technology, is available from Instrument Society of
America, 400 Stanwix Street, Pittsburgh, Pa. 15222,
U.S AL Ww429
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Real and Imaginary

by “Vector”

Clunk, Click — and Boomps-a-Daisy!

In a way, it’s rather nice to have the U.S.A.
around on this planet because of the forth-
right way in which they jump in feet first
and have a go. Like with colour TV for
instance. Think of all the money and
research effort poured into developing
the N.T.S.C. system while we sat on the
fence and waited until most of the bugs
were out. Then — bingo! In with the PAL
improvement and we were home and dry.

In fact, in that brash land of the free we
have a ready-made Old Moore’s Almanac
telling us what’s in store for us in five
years’ time. Naturally, it’s not all cakes and
ale; there are imports we could well do

without.
All this was brought to mind by the news

that the U.S. government is compelling all
1974 motor cars — sorry, autos — to be
equipped with automatic seat-belt inter-
locks. This means, I gather, that when you
clamber into the driving seat of your new
Cadillac, the door has to be closed and
your lap and shoulder belts have to be
fastened or the starter motor won’t operate.
And that isn’t all; any front-seat passengers
(and there could be two in a Caddy) who
weigh more than a modest 47 lb must
likewise clunk-click before you can urge
your horseless carriage forward.

Perhaps it’s a sign of the times that the
auto industry, which has always been
electro-mechanically conscious, has turned
to electronics (and integrated circuits in
particular) to do this onerous chore. And
it is onerous, make no mistake. Switches
which will be concealed in (presumably)
two doors, three sets of front seat-belts and
pressure sensors in the seats all have to
integrate to enable the starter switch to
operate. Oh, yes — and there’s a further
requirement; the drain on the battery must
be low — typically about SmA — so as
to give it a sporting chance during a cold
start. The owner of a 1974 auto doing
house-to-house calls all day in sub-zero
temperatures is going to give his i.cs quite
a going-over! I see that one big auto
manufacturer is doing a belt-and-braces
exercise by providing electro-mechanical
back-up and I, for one, don’t blame him.

I don’t mean to imply by this that i.cs
can’t do the job. Of course they can. But
neither the auto manufacturers nor the
electronics people seem to have had much
warning of Government intent; at any rate,
no form of pilot scheme seems to have been
possible, so it looks as if the inevitable bugs

are going to move straight out onto the
turnpike. And remembering that the big
three — General Motors, Ford and
Chrysler — alone reckon to turn out about
10 million autos per annum, that could
add up to quite a lot of bugs.

The situation is one which is calculated
to make any manufacturer wake up scream-
ing in the night. We all know the feeling of
exasperation generated when the car radio
goes phut, but at least that circumstance
doesn’t strand you slap in the middle of
the Arizona desert with only flies for com-
pany. But are the American i.c. moguls
deterred? Not on your life! They’ve fallen
over each other to get the juicy contracts
that have been bandied around. Now, we
all know from bitter experience something
of the cloud-cuckoo-land of i.c. manufac-
ture; promises are one thing; deliveries can
be quite another. The American auto
industry is well aware of this fact of life
but there isn’t much it can do about it
except stroke its rabbit’s foot. For it would
seem that the i.c. boys have got it made.
They press ahead with their circuits,
“optimized for low current drain, high noise
immunity and high voltage excursions”,
and the best of luck. If bugs develop in
service, it’s the auto manufacturers who will
get the kicks from the customers. If deliver-
ies don’t materialize on time it’s the auto
manufacturers who will have to plead with
the U.S. government for an extension of
the time limit. So hold your noses, lads, and
jump in feet first; the water’s lovely!

The account I’'ve read doesn’t say, but
presumably the specification applies also
to foreign cars imported into the U.S.A.,
otherwise it makes rather a nonsense of
the whole thing. If that’s the case, I wonder
what British car manufacturers are doing
about it between strikes; and who’s supply-
ing the i.cs? As far as the British car home
market is concerned, I suppose the Govern-
ment over here will continue to pin its faith
in Jimmy (“Clunk-Click”) Saville et. al.,
exhorting us to play the game and fasten
our seat belts like decent chaps. Then, when
the motoring public is decimated, the
Department of the Environment will act;
if the American scheme works it will use it
and thereafter we shall be locked in by
relatively fool-proof i.cs. If it doesn’t we
shall probably have to form a typically
British queue for a Traffic Warden to do
it manually with another one at our
destination to release us. One or the other
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will happen in about five years’ time.

But back to the i.c. lecking system. 1
only know what I’ve read but I’'m sure there
must be more to it than that. For one thing,
any system that can be by-passed by a
length of wire is suspect; and for another,
it’s doubly suspect if, as stated, the sequence
of interlocks merely permits the starter
solenoid to be energized. For, once the
engine has been kicked into life the starter
motor goes back to sleep, its job done;
it would seem, therefore, that once the
engine was running the safety belts could
be unclicked and the doors opened at will.
If you argue that no one’s going to be so
daft as all that,don’t be too sure. It would be
a kind of one-up-man-ship against the
machine. And in any case what is there
to prevent the owner keeping the seat-
belts locked but hung up? Or will some
additional sensor be incorporated which
will discriminate between “full” and
“empty”!

My guess — and it’s only a guess — is
that the interlock will be direct on to the
ignition system and that the various by-
passing possibilities will have been taken
care of by extra circuitry (even more poten-
tial bugs?). Otherwise it seems to be a
system of considerable complexity, to very
little purpose. Perhaps an American
correspondent can enlighten us?

There are, of course, two ways of
approaching the problem of road safety.
One is to go all out to devise a system in
which accidents can’t happen or, in
realistic terms, in which they are rarities.
The other approach is to accept that they
are going to happen anyway and to devote
the main research effort to protecting the
vehicle’s occupants as far as possible.
Seat belts are in category two and un-
doubtedly do a grand job in instances
where the impact isn’t too severe; but when
two cars, each doing S0m.p.h., collide head
on, I for one wouldn’t fancy my chances
with the best seat belt ever made.

I respectfully submit that the road
accident problem will never be nailed
until we face, for the first time, one
inescapable fact, namely that the human
brain’s decision-taking and control capabili-
ties and the human body’s relative immunity
to physical damage has evolved in relation
to the speed at which his legs would carry
him. Travel faster than this and your
chances of walking away from an involun-
tary, instantaneous, full-stop become
progressively less as the speed increases.

As for the human brain, it’s far too sen-
sitive to extraneous stimuli and too sluggish
in its reactions when confronted with the
unexpected in congested traffic conditions.
Humiliating perhaps, but there it is. Sooner
or later we shall have to admit it and give
up some of our “freedoms”. Airlines and
railways are both subject to rigid control
techniques and amateur drivers are not
permitted; that’s why accidents are so rare
as to be front-page news. In the foreseeable
future both systems will be completely
automated and safer still. And those are
the directions that road safety research
should take. It will cost a heap of money
and some sacrifice of pride, but to fiddle
with anything less is patchwork stuff.
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Over 60
meaningful
combinations:
10 unique!

—
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Optimum performance at minimum cost is
what Hewlett-Packard’s 1900 pulse generator
system is all about.

The 16 plug-ins currently available for this
unique RFI shielded system include modules
that interface with all logic families, including
TTL, ECL and MOS. Programmability, high
power (50V at 25MHz), digital formatting,
word and PRBS ¢cnerators are all available.
Over 60 meaningful combinations—at least 10
producing functions which are unique features
of the 1900 system.

Thus, the 1900 system enables you to buy
the capability you want—and only the capability
you want. And to change parameters that need
to be changed simply, quickly and at minimum
expense. You're protected against obsolescence,
too: new plug-ins will extend the system’s use
and keep up with technology.

Of course, if your nced is for a dedicated
instrument, Hewlett-Packard can supply that,
too, from a complete range of advanced pulse
generators.

HEWLETT (ip, PACKARD

Sales, service and supportin 172 centres in 65 countries.

NOW ﬁnd OUut MOXE For full details of the unique 1900 system —

including an informative plug-in selection chart please contact:
Hewlett-Packard Ltd., 224, Bath Road, Slough,
Bucks SL1 4DS. Tel: Slough 33341.

WW-—085 FOR FURTHER DETAILS
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Sinclair Project 60
Now—-the Z.50 Mk.2

with built-in automatic
transient overload protection

When originally introduced. the Sinclair Z.50 proved how it was possible to
design and produce a popularly priced modular power amplifier having
characteristics to challenge the world's costliest amplifiers. Many thousands of
Z.50’s are now giving excellent service day in, day out. But we have also learned
that constructors do not always use their Z.50's ideally. That is why we have
introduced modifications whereby risk of damage through mis-use is greatly
reduced and performance further enhanced. The Z.50 Mk.2 has improved
thermal stability, more accurately regulated D.C. limiting to ensure more
symetrical output voltage swing and clipping and still less distortion at lower
power. Z.50 Mk.2 is compatible with all other Project 60 modules, and may be
incorporated to advantage in existing systems. Efeven silicon epitaxial planar
transistors are now used, two more than in the original Z.50 ; circuitry has been
re-designed, making this versatile high performance amplifier better than ever.

Brilliant new
technical specifications

with free
manual

£5.48

Z. 3 O the power

amplifier for quality and Inputimpedance 100 K&

economy Input (for 30w into 8¢2) 400mV
Signalto noise ratio, referred to full o/p at 33
30v HT 80dB or better DL LT ]
Distortion 0.02% up to 20W at 8. See curve e e
_ Frequency response 10Hz to more than °‘“Tf¥:—§’§-*ﬂﬁhﬂ H

with 200 KHz+1dB o) 11 1

f;’;‘;wa/ Max. supply voltage 45v (4 to 8Q speakers) Y SRR . T T A T
(50v 150 speakers only) B o 0o L

£4 .48 Min. supply voltage 9v e T ,}EETQ =

Load impedance — minimum : 4Q at 45v HT =5 s T
Load impedance — maximum : safe on open Il i | il il -

WATTS INTO 30 AT 43v HT
AND AT 1KH:

circuit
The Z.30 provides excellent facilities for
the constructor requiring a high fidelity
audio system of less power than that
available from Z.50's. Using a power
supply of 35 volts, Z.30 will deliver 15

applications

Typical Project 60

watts RMS into 8 ohms, or 20 watts RMS
into 3 ohms using 30 volts. Total harmonic System The Units touse together with Units cost
distortion is a fantastically low 0.02% at 15 - -
watts into 8 ohms with signal to noise Simple battery Z.30 Crystal P.U., 12V battery £4.48
ratio better than 70 dB unweighted. Input record player volume control, etc.
sensitivity 260mV into 100K ohms. Slze ; - -
80 x 57 x 13 mm (3} x 24 x §) Z.30, Z.50 lvllams powered record Z.30,PZ.5 Cri/stal or %etrarlnlc P.U. £9.45
and Z.50 MK.2 modules are compatible .2Vl A melcontioleles
and interchangeable. 12W. RMS continuous 2x2.30s, Stereo  Crystal, ceramicormag. £23.90
sine wave stereo amp.for  60;PZ.5 P.U., F.M. Tuner, etc.
average needs
Guarantee 26W. RMS continuous _ 2xZ.30s, Stereo _ High quality ceramicor  £26.90
If, within 3 months of purchasing any product direct from sine wave stereo amp. 60;PZ.6 magneiic P.U.. F.M.
Sinclsir Radionics Lid.. you are dissaiiséied with it, your using low efficiency (high Tuner, Tape Deck. etc.
money will be refunded at once. Many Sinclair appointed
Stockists also offer this seme guarantee in co-operation with pgrformance) speakers
Sinclair Radionics Ltd.
Each Project 60 module is tested before leaving our factory BO\N; (3 Ohm.s) RMS 2xZ.50s, Ste.reo As above £34.88
and is guaranteed to work perfectly. Should any defect arise continuous sine wave de 60; PZ.8, mains
in normal use, we will service it at once and without any luxe stereo amplifier. (60W_ transformer
charga to you, if it is returned within two years from the date RMS i 8 oh
c()f purchase. Outside this period of guarantee a small charge tnto 80 ms)
typically £1.00) will be de. No charge is de fol . R N
Dgsi'age‘{av surface vr:ail. Airnl;‘llaaifis charged'gi costfna e Indoor P.A. Z.50, PZ.8, mains Mic.. guitar, speakers, £19.43
transformer etc., controls
- e F.M. Stereo Tuner (£25) & A.F.U. (£5.98) may be added as required.
— [ |- | g
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the world’s most advanced high fidelity module.,s'

Stereo 60 Pre-amp/control unit

- i . PN . '
w e me w ¥ ¥ ? O \
+ ' » e 2
. »

Designed specifically for use on Project 60 systems, the Stereo 60 is equally suitable for use with any
high quality power amplifier. Since silicon epitaxial planar transistors are used throughout, a really
high signal-to-noise ratio and excellent tracking between channels is achieved. Input selection is by
means of press buttons, with accurate equalisation on all input channels. The Stereo 60 is particularly
easy to mount.
SPECIFICATIONS—Input sensitivities: Radio — up to 3mV. Mag. p.u. 3mV: correct to R.I.AA. curve
1dB :20 to 25.000 Hz. Ceramic p.u. — up t0 3mV: Aux — up to 3mV. Output: 2560mV. Signal to noise ratio:
better than 70dB. Channel matching: within 1dB. Tone controls: TREBLE+12 to —12dB at 10KHz: BASS
112 t0—12dB at 100Hz. Front panel : brushed aluminium with black knobs and controls. Size: 66 x40 x 207mm.

£9.98

B.uilt, tested and guaranteed.

Project 60 Stereo F.M. Tuner

The phase lock loop principle was used for receiving signals from space craft because of its vastly

improved signal to noise ratio. Now, Sinclair have applied the principle to an F.M. tuner with fan- d

tastically good results. Other advanced features include varicap diode tuning, printed circuit coils, an
I.C. in the specially designed stero decoder and switchable squelch circuit for silent tuning between
stations. In terms of a high fidelity this tuner has a lower level of distortion than any other tuner we
know. Stereo broadcasts are received automatically, a panel indicator lighting up as the stereo signal
is tuned in. This tuner can also be used to advantage with most other high fidelity systems.
SPECIFICATIONS—Number of transistors: 16 plus 20 in 1.C. Tuning range: 87.5 to 108MHz. Sensitivity:
7uV for lock-in over full deviation. Squelch level: Typically 20uV. Signal to noise ratio: >65dB. Audio
frequency response: 10Hz — 15KHz (+1dB). Total harmonic distortion: 0.15% for 30% modulation
Stereo decoder operating level: 211V. Cross talk: 40dB. Output voltage: 2 x 150mV R.M.S. maximum
Operating voltage: 25-30VDC. indicators: Stereo on; tuning. Size: 93 x40 x 207mm.

£25

Built and tested. Post free.

Integrated- circuit
high fidelity amplifier

SuperiIC.12

sistor circuit contained within a 16 lead DIL
package. and the finned heat sink is sufficient for
all requirements. The Super 1C.12 is compatible
with Project 60 modules which would be used
with the Z.50 and Z.30 amplifiers. Complete with
free manual and printed circuit board.

SPECIFICATIONS

Output power: 6 watts RMS continuous (12
watts peak). 6-8Q. Frequency Response: 5Hz
to 100KHz - 1dB. Total Harmonic Distortion:
Less than 1%. (Typical 0-1%) at alt output
powers and frequencies in the audio band (28V).
Load Impedance: 3 to 15 ohms. Input Im-

Power Supply Units
The new /4
PZ.8 Mk.3

The most reliable power supply unit ever made
available to constructors. Brilliant circuitry makes
failure from over load and even direct shorting of
the output impossible. This is due to an ingenious
re-entrant current limiting principle which, as far
as we know has never before been available in
any comparable unit outside the most expensive
laboratory equipment. Ripple and residual noise
have been reduced to the point of almost total
elimination. This is, of course. the perfect unit for
Project 60 assemblies, particularly where the new
Z.50 MK.2 amplifiers are used. Nominal working
voitage — 45

PZ.8 Mk.3—£7.98
(Mains transformer. if required) £6.98
PZ.5 30v. unstabilised

(not surtable for Project 60 tuner) £4.98
PZ.6 35v. stabilised
(notsuitable forlC. 12) £7.98

Project 605

the easy way to
buy and build
Project 60
without
soldering

Project 605 in one pack contains: one PZ.5, two
2.30's, one Stereo 60 and one Masterlink. which
has input sockets and output components
grouped on a single module and all necessary
leads cut to length and fitted with clips to plug
straight on to the modules thus eliminating all

soldering.
£29.95

Complete with comprehensive
manual, post free

All you need for a superb 30 watt
high fidelity stereo amplifier

Having introduced Integrated Circuits to hi-fi
constructors with the 1C.10, the first time an IC
had ever been made available for such purposes.
we have followed it with an even more efficient
version. the Super IC.12, a most exciting advance
over our original unit. This needs very few ex-
ternal resistors and capaciiors to make an
astonishingly good high fidehty ampiifier for use
with pick-up. F.M. radio or small P.A. set up. etc.
The free 40 page manual supplied. details many
other applications which this remarkable IC.
make possibie. It is the equivalent of a 22 tran-

pedance: 250 Kohms nominal. Power Gain:
90dB (7.000.000,000 times) after feedback.
Supply Voltage: 6 to 28V. Quiescent cur-
rent: 8mA at 28V. Size: 22x45x28mm in-
cluding pins and heat sink..

Manual available separately 15p post free.

With FREE printed circuit
board and 40 page manual.

£2.98 Post free
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The largest selection

BRAND NEW FULLY GUARANTEED DEVICES ZENER DIODES.

VOLTAGE RANGE

0-22 ADIG2 0 364 BC148  0-11 BDL36 044 BFI85 033 MPF105 0-404 20844 0-20 2N2217 0-24 2N3053 0-184 254059 011 Boony. io0mv  (DC
0-22 ADI61 & BCl49 013 BDIR7 049} BFI88  0-44 0C19 0384 245 0174 2N2218 0-22 54 0504 2N4060 013 |5t 15, ea 14w (T
0254 AD162 (MP) BCI50 020 BD138 055 BFI94 013 0C20 0694 26371 017} 2 0-22 055 284061 013§ 5 90 00 10k (-
0-22 0604 BCI51 022 BD139 0604 BFI195 013 ocue 042 203718 013 0-24 0154 2M4062 0-13 B atud) 33p ea. Al fu
013 ADTI140 055 BCl52 0-184 BDI40  0-68 BF196 015} 0C23 046 26373 0184 0-22 A0 174 2N4283 0-18} { roaten me i a
0-18% AF114 026} BCl153  0-81 BD135 088 BF147  0-15% 0C24 0-61% 2G374 0-184 0-22 0-15% 2N4285 0-184 marked. State \.zolt.a
0184 AFIl5 028} BCI34 033 BDI75 066 0 049} 0Cc25 042 26377 033 0-18} 0-154 N428 reqtired
0-18% AF116 0264 BC157 020 BD176 068 1-044 0c28 0274 20378 0174 N2 9 0154 0-15%
0184 AFL1T 0264 BC158 018 BLIT7 0714 0-484 0C28 055 26381 0-174 2N23694 0-154 0-184 S ———
0154 AFIlx 038§ BC159 013 BD178 0714 0-66 0c29 055 20382 0174 2N2 0-284 023 284289 0184 10 amp POTTED
0-154 AF124 033 KCi60  0-494 BD17Y  0-77 0934 0C35 046 2401 033 2N2412 0-284 023 2N4200 0183
0154 AF125 0274 BCI61 0565 BD180 077 0-604 0C3i 055 26414 033 2N2646 0514 031 2xi201 0184 | BRIDGE RECTIFIE,
0154 AF126 081 KCl67  0-13 BDI85 0821 0-60} ocil 022 2G417  0-274 2N2711 0-23 0-46 2N4202 0-184 b ink
{ 0184 AF127 031 BC168 013 BD18: 0-714 0384 0C42  0-264 2NU88 0384 2N27I2 0-23 0-184 on heat sink.
0-154 AF139 033 BC16Y 013 BDIRT 077 033 0Ci4 0184 2N388A 0604 2N2714 0-23 0-184 100PIV. 99p each
{ 0-184 AFI78 033 BCI70  0-13 BDI8S  0-77 0-38 0c45 014 2N404 022 232004 0-184 0-31 .
0164 AFI79 055 BC171 0154 BDI189 088 0-384 0C70 011 2N404A 0-31 V2004 A 0-23 0-31 2N558 085 | T
0-22 AFI80 055 BC172 015§ BDIs0  0-824 0-384 oci1 011 28524 0468 0-824 5459 0-44 | NEW LINE
0-22 AVI8] 0494 BCI7:  0-154 KDlus 0834 068 0Ci2 015} oN52T  0-54 0-10 28301  0-55 | Plastic Encapsulated
022 AF185  0-49¢ BCL174  0-15% KD196 0934 030 0C74 0154 2N598  0-46 011 2383024 0-46 | 2 Amp. BRIDGE REC)
0-26} AF239 0404 BC175 024 BD197  0-99 024 0c75 016} 2N509 0494 703 011 23302 048 | 50v RMS 35p ea
0-22 ALIO2 071} BO177 0-21 BOIUR 099 0-33 0Cis  0-184 2NG9B 014 2NB704 012 29303 0-604 | t00v RMS 40§p
0-22 ALI03 071} BCI78 021 BDI9Y  1-044 0-24 0C77 0274 2N697 0144 2N3705 011 077 §400v RMS 504p ..
0-22 ASY26 027§ BC178 021 BD200 104} 0-284 oc8l 018} 2N69s 0264 2N3706 010 0924 f 8ize 15 wm x 6 m
0-264 7 033 BC180  0-264 BD205 088 0-24 0C8ID 0164 2N699 0384 3707 012 0921 | eowemrn——ett———
0154 0274 BCI81  0-26} BD206  0-88 0-22 0C82 0164 2N706  0-09 2925 0-154 0-074 0-924 UNILJUNCTION
0-22 0274 1C182 011 BD207  1-04% 0-22 0C82D  0-16} 2NT706A 0-10 2N2926(G) 0-10 0614 o e
0-264 0274  BCIS2L 0-11 BD208 104} 022 ocss 022 2N708 013 a 010 0-4¢ | UT46. Luvt. 2N26¢
0-31 0274 BCigs 011 BDhy20 1-10 0184 0css 022 2N711 033 2N2926(Y) 010 0-4¢ | Buvt. TISs3. BENZO
031 0274 BCISAL 011 0-26} 0834  0CI30 022 717 038} : 031 0-614 | 300 _each, 25-49 27
0-18} 0274 BCI84 013 0-494 0164 0Cl140 022 0-284 2N2026(0) 055 077 |100 UP 22p.
o-2§ 0-2;; BC184l. 0-18 g;; “g: ggmg gg;: 8-3:; - 0-381 077
0-184 0-27¢4 BC186 0-31 B . 17 g . 2N2926(R) 031 077
{022 0-27¢ BC187  0-31 0-49} 0-184 OCL71 0-274 031 o 0-31 077 CADMIUM CELL
0-24 0274 BC207 012 055 0-18% 0C200  0-274 0-22 2N2026(B) 0-33 0-48 ORP12471p
022 0-44 BC208  0-12 0-494 0-184 0C201 031 022 011 N3905 0-31 0-44 J ORP6O, ORPE] 4dp ea
o~2g 010 BC209 013 g-gg’ 8'53’ gggoz 8'3%, g-:lggi 2N0L0 077 2N 5906 ”g 0-49%
< 0-2 0-10 BC212L 012 : g 203 0 3 2N3011 0154 2N4058 01
0-274 011 BC213L 012 0-494 0-20 0Cu04 0274 0-23 N R PURPOS
022 011 BC214L 0154 0494 031 0C205  0-384 023 S BASILICONISWITC
2! ) ) ; ) . DIODES AND RECTIFIERS ING TRANS. TO-
022 0161 BC225  0-274 077 0-3L 0Ci309 044 022 !
022 0-184 BC2u5 0384 053 014 0CP71 0474  2N1132 0-24 AAlle 009 BY133 023 0410 0-38) | SIM. TO 2N706/8. BS
022 0°164 BCY30 028} 0604 BSYUSA 014 ORP12 0-474 0154 AAI20 009 HY164 055 0A17  0.074 | 27/28/95A. A.L1 usal
017} 0184 BCY30 0-26% 0-60} Bul0s 220 ORPG6O 044 0154 AAI20  0-09 BY X38/30 0A70 0074 ] devices no open or gh
0194 011 BCY31 0-284 066 ClI1E 0-55 ORPSL 044 018} AAY30 010 0-46 QAT 007} | civevits. ALSO AVAL
021 033 BCY32 033 044 C400 033 P346A 022 0184 AAZL3 011 BYZI0 0384 0A81 0074 | ABLE In PNP Sim.
0 384 088 BCY33 024 044 Ci107 027} P37 0-46 023 011 BYZI1 033 0A85 010 [2N2806, BOYV70. wh
031 013 BCY34 0274 0-44 Civd 022 RT140 046 0-23 0-23 BYZI2 033 0490 g-g8i foriering plense  sta
031 020 BCY7V 0154 0-44 Ci25 055 ST140 014 0-254 024 BYZ13 027§  OAul 0.0} f breference NPX or 'Y
023 013 BCY71 020 044 Ci2; 0384 STH41 0184 p 0254 0154 BYZis 044 oA 007 | . £
023 0-20 BCY72 0-15% 0-24 Ci28 022 Tis4d  0-33 2NI613 022 013 BYZ17 0-384 0A200 0084 § 20 For 0
031 013 BCZi0 022 024 Ci41  0-33 UT46 030 oN1711 022 0154 BYZ18 038} oazez 0074 ) B¢ = 1
0184 0-164 BCZ11 0274 0-334 Ciez 033 263501 021 2N18RY 035 014k BYZiy 031 $010- 0054 | 100 ol K
0194 018} BCX12 0274 0384 C444 0-384 26302 021 2N1890 0-494 0164 cu62 SDI9  0-05% 180?) F"" 14
0384 044 BDI21 066 033 Ci50 024 ! 0-21 0-404 013 (0A91 Eq.) IN34 0-7¢ -
042 033 BD123  0-714 033 MATO0 10-21 0-264 079 0184 00054 IN34A  0-07) || m——
053 0-33 BD124 0-88 0-33 MATI01 22 0-44 0-624 013 CC651 1N914  0-065 | SIL. G.P. DIODES £
AD142 053 033 BD131 055 033 MATI120 0-21 0384 0 066 0-154 (OAT0-0A7Y IN916  0-064 { 3001w 30. .0
ADI143 043 0-33 BD132 086 0-44 MATI21 0-20 0384 2N2192 0-38% 0-1684 Eq.)  0-084 IN414B 0064 § 50PIV(Min) 100 1
AD149 055 0-494 BDI133 0-71% 0-44 MPI'lo2 046 022 2N210y  0-384 0-163 0A5 0:384 13021 011 Sub-Min. 500. 8
ADIE1 086§ BC147 011 BDI3S 044 Brigs 0274 MPFIOt 0-404 A 0173 2N2194 0-38% BY130 0174 OASSL 023 18951 0-061 § Full Tested 1,000 9§
Ldeal for Organ Builde
P : f
KING OF THE PAKS Unequalled Value and Quality :3(‘;‘;" (LESTED SEMICONDYCTORS pric NEW LOW PRICE TESTED S.C.R.'s '——m"""
. e
gp VIV 1 34 5A - SA TA  10A  16A  03A VRBOM 24 6A 142
0-55 TO5 TO66 TOsH TOGI TO48 TO4E TO48 TO4 T-1 TO-66 TO-.

SUPER PAKS Mol Srang D[ oot s e

055] 50 028 028 039 039 052 055 059 1.27 £p £p £p
100 028 037 052 052 05 064 070 154 §ioo a3 55 82

W3 4 OC 77 type transistors . .. ... P 0-55 200 039 04l 054 054 063 067 083 178
YA (7 D in Every Pak - bacl X H * o 200 55 88 99
Satisfaction GUARANTEED in Ev ery l.ak‘ or money back. ) Q4 6 Matched transistors OC44/45/81/81D . . .. - 0550400 048 052 062 062 074 08 103 193 Jy00 77 82 12
Pak No. Description Price } Q5 4 C 75 transistors. . 0554400 059 083 075 075 085 107 138 e ———
U 1 120 ilass Suh-Min. General Purpose (iermanimm Diodes ... 055006 5 OC 72 transistors. . o tT00 055800 070 077 088 08 099 132 165 440 DIACS
U 2 60 Mised Gertuaniom Transistors AF/RF ... .. ....... 0-55Q7 4 AC 198 transistors NP high gain . 0-55 FOR Ushb wIT
U 3 75 Germanium Goll Bonded Sub-Min, like OAS5, OA47 ... 065 Q8 4 AC 126 transisiors PNP . SIL. SECTS. TESTED TRIACS
U 340 Gernwuium Transistors like OCSL, ACIZ8 . —055[ 18 7 OC8I type transistors ... 50 004 008 006 008 016 023 p6g JoRA00 (DD a0ip e
U5 60 20010A Sub-Min. Silicon Diodes .. 0-55] @10 7 OC 71 type transistors . ................... 058 499 004 007 008 015 018 026 083
U 6 30 Sil_Planar Trans, NPN like BBYO5A_ N706 055 Q11 2 AC 127/128 Complementary pairs PNP/NPN 0554 200 0-06 010 007 016 022 027 110 FREE
T 7 16 Sil, Rectifiers TOP-HAT 750mA VLTCG. RANGE up to 1000 055 (!1‘2 3 AP 116 type transistors ... ... ... 055 ;(O)g 0‘07 0-15 0:08 0f22 030 041 138 Qone 50p Pak of yo
e - - Q13 3 AF 117 type tramsistors ... ... ..... .. 0-55 0-08 018 011 028 038 050 205 Rown choice free wi
U & 50 Sil. Planar Dindes DO-7 Glass 2501nA like 0OA200/202 .~ 055 - N . 800 011 019 012 028 041 0861 220
- - Q14 3 OC 171 H.F. type transistors . . ... .. .. .. 055 = orders valued £4 or ove
U & 20 Mired Voltages, 1 Watt Zener Diodes ... PR Y] POt - : ; 1000 012 028 018 033 051 070 27
- 2 £ - Q15 7 2N2926 Sil. Epoxy transistors mixed colours 0:55] 509 037 . 042 063 083 i i ——
UI0 20 BALDY chame storage Diodes DO 7 Jlase oo g:g Q16 2 GETS80 low noise Germanium transistors. . 0-55 BRANDIINEW_[TEXS
25 PNP NIl Planar Trans. TO5 like 2N 1132, UN2904 . 0850417 5 NPN2 x ST.I41 & % x ST.140 ... .. . 055 GERM. TRANSISTO
Ul2 12 Silicon Rectifiers Epoxy 500mA up to 800 PIV. ... ... 055018 4§ MADT'S82 x MAT 100 & 2 x MAT 120.... 055 POWER TRANS BONANZA! Coded and guarante
Ul3 30 PNP-NPN Sil. Transistors 0C200 & 287104 Y. 055819 3 MADT'S2 x MAT 101 & 1 x MAT 121.... 055 p— p.2§“E“‘L§“P°SE GERM. PNP 'II:Tk Né"u - E(l))'\j
el Silicom o Ge : : : 2 G i - . Sode G . BRAND NEW TO-3 CASE. POSSIBLE 204714 :
Ulj 150 A‘}I\(jl Rilicon ‘nul‘( Lnn,nmuu‘hlode‘s. 2 0-550 20 4 OC 4:& C e:mmn:um tranststors A.F. ... ... 085 REPLACE:--0C25-28-25-30-35-36. NKT 401 403401 T2 8 D1374 o
Ul5 25 NPN Sil. Planar Trans. TO-5 like BF Y51, 2N697. ... 055 Q21 4 AC 127 NPN Germanium transistors. 0-55 0 405-406-430- 451452453, T13027.-5028, UN2504 2N4564- | T3 8 D125 0C81
U16 10 3 Amp silicon Rectifters 8tud Type up to 100001V . 055 Q22 20 NKT transistors A.F. R.F. coded 055 145744584, @N511 A & B. 20:220-222, ETC. VCBO s0v | T4 8 26181 QCt
UI7T 30 Germanium PNP AF Tranaistors T0-5 like ACY 17-22 055 | Q23 10 OA 202 Silicon divdes sub-min. 0:65 ;}(illﬂ&sov 1C 104 PT.l 30 WATTS ’Hfg 30-170. I‘ﬁ g gg!
U188 G Anip Silicon Rectificrs BYZI3 Type up to 600 71V___ 055|924 & OA Bl diodes. ... 0°55 i enn  dpoah soteeer f17 s ac.
UT9 25 wilicon NPN Transistor llhe BCIOR ..., ... 055 Qg‘“ 13 L;":; ;“'“‘“’" _““’“"l'f = wa.‘“fm‘m;‘- °'gg : . T8 8 2Gi78  OC;
U0 12 15 Amp Bilicon Rectifiers Top Hat up ta 1000 PIv . 055§ 920 8 OAUS Germanium dindes sub-min. INGY ... 0 SILICON High Voltage 250V NPN a8 263994 2N
- v = - : - - Q27 2 10A P1V Silicon rectifiers 18426R ... ... .. 055070-3 case. G.P. Switching & Ampl Ti0 8 2417  AF1
U2i 30 AF. Germanium Alloy Transistors 2G300 Series & OC71.  0-56 28 Sili y «ctifiers BYZ 18 3 case. CLP. Switching Amplifier ALl 56p each pak
025 50 MADT's ike MIiz Series PNP Traisiston 55 Qu8 ¢ Silicon power rectitiers Z13 ... .. 0-55 Applications. Brand new Coded R 2400 P each pak.
i gt 0 L MUEMELT ) L 1elstors i oin : Q29 4 Silicon trunsistors 2 X 2N696, 1 x 2N697, VCRO 250/VCEO 100/IC 6A/30 Watts.
U24 20 Germanium 1 Amp Rectifiers GJM Serfes up to 300 PI1V  0-55 1 X 2NGYS Ao Abdd G ... 0-55 UFE type 20/fT 5MHZ. 115 WATT SII § 2N2060 NPN SIL. DUA
U256 25 300 Milz NPN silicou Transistors 2N708, BSY27 . .. 0-550Q30 7 Silicon switch transistors 2N706 NP 055 ?U“ PRICE EACH: POWER NPN'J| TRANS. CODE DIé
U206 30 Fast Switeling Silicon Diodes like 1N013 Micro-Min. .. 055 | Q31 6 Silicon switch transistors 2N708 NPN. . . 0:55 '525; ;g‘gg “;‘;;"' 55p KACH. | TEXAS. Our price £¢
U27 12 NPN Gernanium AF Transistors T0-1 The ACIZ7 055§ Qi2 & NP Silicon tramsistors 2 X 2NITIL 1 X each. =
U29 10 1 Amp 8CR's TO-5 can, up to 500 PIV CR81/25-500 .. L1004 | ok L e N W s i . E 2 SILICON 506 WATTS MATCHED NPN/PNP 120 VCR NIXIE DRIVE
U30 15 Plastic Silicon Dlanar Trans. NPN ZNTG20 . 056 LQ(«i(: ‘_i :{:!von h:‘l.\Ntn.tnsmt.o:s 2N 124\]: ro(n'l'liv 055 {;gl' 0191 })7\‘01;(.?'30 }'léu(tic.A BIP 20 PNP. B/r;md new. | TRANSISTOR. 8ir
g = e S = = - 7 Silicon NP rangistors 2N2 500MHz "Ch 00/V 50/IC 10A. HFE type 100/t 3mHZ. SX21 & C407, IN18S
Uil Ql’l Silicon I.’I.nmr Plastic NI N_Tmlm. 1.ow Noise A'mp 2N 0-55 (code PBOTY . 055 JOUR PRICE PER PAIR: TP n ;::I},Ll\‘ ‘T::;(’;l}:;g\:g
Us2 25 Zener Divdes 400mW DO-7 case 3-18 volts mixed ... ... 055035 3 Silicon PNP TO-5, 2 X 2N2u L 24 prs. 66p 25-49 pra. 81p 100 prs. 55p RCOLED ND 120, 1-t
U3s3 15 Plustic Case 1 Amp Silicon Rectifiers IN4000 Series . 055 2N2805 ... .. P 055 19p each. TO.5 NP
U4 30 Siticon PNP Alloy Trans. TO-5 BCY26 233024 ... .. .. 0-55§ Q36 7 2N3646 TO-18 plastic 300 MHz NP, - 05 AD161/162 PAP JUMBO COMPONENT [ 25 up 17p each.
U35 25 sillcon Planar Transistors PNP TO-18 2N2G06 . 055 § @37 3 2N3053 NPX Silicon transistors ........... 0550y COMP GERM TRANS. PARKS ] 3
T36__ 25 wilicon Mlanar NP Transitars 10-5 BFYB0/51/62 055§ ¥#8 7 NPN transistors 4 x 2N3703, 3 x 2N3702.. 0-35QJOUR LOWEST PKICE OF MIXED AR kN
Ua7 30 Siticon Alloy Transistors 80-2 PN P (200, 29522 055 S0p PLR PALR D EETRONIE 1avt. ZTX 500 5
ELECTRONIC ] ip eac
U38 20 Tast Switching Silicon Trans. NPN MHz 2N3011 ... 055 SILICON PHOTO TRANSISTOR Con Any Qty.
U 30 RF. Gern, IS T Transistors 251305 5 T05 ... ... .. 055 | EWECTRONIC SLIDE-RULE e A ) G & ———
G160 10 Dl Traraistom 6 Tend TOS 283060 — 055 The MK slide Rule, designed to simplify Blectronic eal- QR8O 50 anc (Wl RSS2 Y Eaceptionaity good vatue | NEW EDITION
T3 55 RITC ~ = TOh 0CI5. NKT72 055 culations reatures the rollowing svales:— Conversion of Fuit o G teed . 1971
! sermaniuin Transistors TO-5, 0C45, N cbogoo o0 Freqnency and Wavelength. Calculation of L, C and fo ‘(‘vy 3“""1"[,58 55-99 100 Resistors, capaeitors.
U2~ 10 VHF Germanium PNP Transistor TO-1 NKT667, AF117_ 055 § of Funed Circuits. Reactance and Nelf-Inductance. Are: of ‘;’ Y o Zj;;* 280 [ vots. eiectrolvtios and | TRANSISTOR EQUIV.
U453 25 Sil. Trans. Plastic TO-18 AF. BC113/114. 055 (\J\in:ln.;. \/;ol(\:ung o{ \')I:l)ldglm.l }({eelgistlaltnge ofAQn;du;‘mm, Datleathl oD 2 2 A | e otlx;r LENTS BOOK. A con
ST e - = § n eight of Conductors. Deciliel Calculations. Angle Func- ’ 4 ¥ plete cross reference a
WEE] z(_'_“i. (it H_""[" {05 RCl'lo/‘.\ U 0-55 tions. Natural Logs and ‘e’ Functions. Multiplication and F.ET.'S useful items.  Approxi- § equivalents  book  fe
U4s 7 3A SCR. TOGG up to 600PLV ... oo L ~--«- ... 1100 Division. Squaring, Cublug and Square Roots. Conversion | 2N3814%  3lp N5$58  35p mately 3lbs in weight Luropean, American an
of kW and Hp. A must for cvery electronic engineer and f 2N3820 55p 2N5459  44p p— 5 “ § Japanese Transistor
Coide No’s. mentioned above sre given as a guide to the type of device in enthusiast. 8iz€: 2 em. X 4 cm. Complete with case and §2N3821  39p HWFW10 ¢6p § Price incl. P. & P. £1-85 § pycjugive to BI-PA
the pak. The devices themselves are normatly unmarked. instructions. Price each: £3-68 § 2N1823  31p MPEF105 4l1p § only. 98p each.
A LARGE RANGE OF TECHNICAL BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE 18 BALDOCK STREET (Al10), WARE, HERTS.
AND DATA BOOKS ARE NOW
AVAILABLE EX. STOCK. RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT TEL. (STD 0920) 61593.
SEND FOR FREE LIST, COMPETITIVE PRICES— OPEN MON.-SAT, 9.15 a.m. to 6 p.m.. FRIDAY UNTIL 8 p.m.
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-the lowest prices!

; ’ | The AL50 HI-FI AUDIO AMPL
74 Series T.T.L. I.C’S |
|
BI-PAK STILL LOWEST IN PRICE FULL SPECIFICATION ] 50W k 2 5W R M S
GUARANTEED. ALL FAMOUS MANUFACTURERS
R 0-1% DISTORTION! HI-FI AUDIO AMPLIFIER
1 25 100+ 1 25 100 1 25 00 -
SN7400 017 016 013 | SN7as0 017 : SN74141 0774 071 084 " . o 100.000—1dB.
aN7401 017 018 013 | SN7i51 017 018 018 | 8N74145 £185 £154  £143 S PR, ';eg"l";“:hlnf:“‘. i o S
8N7402 017 018 013 | 8Ni453 017 016 013 | BN74l50 £330 £297 £275 ° . o LI ge 20- :
SN7408 017 016 013 | SN7454 017 018 013 | SN74151 £110 £1.05 099 @ Distortion—better than 0-1% at 1kHz.
SN7T404 017 0-18 0-13 8N7460 0-17 0-16 013 SN74153 £1-32 £1-21 £1-05 @ Bignal to noise ratio 80dB.
8N7405 0-17 0-18 013 8N7470 032 0-29 027 8N74154 £198 £1-87 £1-76 @ Overall size 63 mm X 105 mm X 13 mm.
8N7406 0-39 0-34 0-31 | BN7472 0-32 0-29 0-27 SN74155 €154 £143  £1'32 Tailor made to the most stringent specifications using top
0-39 0-34 0:31 | 8N7473 041 0-39 0-35 8N74156 £164  £143  £132 quality components and incorporating the lateat solid state
8%8 g %g gig gg_‘_:;; ggll) 822 ggg gz;ﬂgg g%gg ﬁgg gi% circuitry concetved to fill the need for all your A.F. amplifi-
H . . 7 . . § A d . d M S
017 016 018 | 8N7476 044 043 042 | 8N74161 2198 £1-87 £178 L AU LT _TESTED—GUARANTEED.
028 0-27 028 8N7480 074 0-71 £gg? HN74162 £4-40 23'13 ﬁggg
039 034 0-31 8N7481 £1-32 z1-27 1 3N74163 £4-40 13 o |
032 029 027 | SNi482 096 095 094 | SBNT4164 £243 £2:37 £231 BRITISH MADE. only £357 7 each
0-48 044 042 SN7483 £1-21  £1'16 £1-05 8N74165 £248  £2-42  £2-37
BNT7417 0-48 044 042 8N7484 £1-10 £1:06 0-989 8N74166 £386 £358 £3-30
8N7420 017 0168 0-13 8N7485 £3-96  £3-85 £3-74 8N74174 £253  £2-42 £231
BN7422 055 053 050 [ SN7486  0-35 0-34 0-33 8N74175 £1-76 £1-85 21-54
8N7423 055 0-53 050 SN7489 £6-05 £5-78  £5:50 $N74176 £2:75  £2-64 £2-83
BN7425 0-55 053 050 BN7490 0-74 071 0-64 ANT74177 £2'75 £2:64 £253 TA B I LI E D
8NT426 050 0-48 0-44 8N7401 £1-10  £1-05 0-89 8N74180 2220 £1:76 £1-54 N
8N7427 050 046 044 227:92 g‘;: g-g; g-g: SN74181 ig 05 gs»gg 25-338 \
8N7428 [y 072 0688 8N7493 B - BNT4IB2  £2:20 1 1 . ]
8N7430 0-17 018 0-13 8N7494 085 082 075 8N74184 £3-85 £3-58 2330 MODULE SPM80 £3 24 7
8N7432 050 048 044 | SN7405 085 082 076 | @N74190 £2'15 £2:00 £2°04
BN7433 0-88 083 -7 SM7496 096 0-93 0-86 AN74191 £2:09 £2:04 £1-98 APSO is especially deslgned to power 2 of the AL50 Amplifiers, up to
8N7437 [i%51 088 068 8N74100 £1-82 8176 £1-71 8N74192 £2-15 £2-09 £2-04 15 watt (r.m.s.) per chzmlnel _slmultau_xeous{y. This quule embaodies the
8N7438 o7l 068 066 SN74104 £1-07 £1-04 097 SNT4193 £2-20 £1-98 £1'93 latest components m}_d circuit techniques incorporating complete short
BNT7430 0-17 018 013 8N7T4105  £107 £1-04 097 BN74194 £297 £2:86 £275 circuit protection. With the addition of the Mains Transformer MT80,
gw«né 0-74 o-;% gﬂ: g;‘?n% 8-3: g-gg g’gg SN741456  £2:20 ﬁgg :i-gg :;hf “"'tx“;g5I)NVI‘1; zoaxtpums%l up to é'5 ampe at :tﬁ volt:,ABize:
N T4 0-74 0 -8 o q . 8N74196 £1 98 . 3 mm mm 20 mm. These units enabie you to buil udio
8N7443 £1-48 £1-38 £1-32 BN74111 £1-38 £1-27 £1-21 SNT74197 £198 21-87 £1-76 Bystema of the highest quality at a hitherto unobtainahle price. Also
s e e R i G bl L L T
s b B . g & o i : N741 1 . 3 3 b 5 Vi b 4
8N7446  £1-07  £1-04 0-97 5;74131 241)-«;: ig-:g ﬁg-gg 3 Terminal Pos vﬂ: Reg. TO.3 -
BNT447 £1-20 £1-07 £1-05 BNT74122 . . q Plastic O/P 1.5 nps. UATH05 . I
HN7448  £1110  £107 £1:05 | BN74123 £3-08 £287 £286 | 5v. g uA7812 12V. £1-76 each. TRANSFORMER BMT80 £2 143 P & P 275p
NUMERICAL 4NDICATOR TUBES|STEREO PRE-AMPLIFIER
MODEL CD66 GR116 30158 TY PE PA1 00
Minitron
L I . - B Built to a epeelfication and NOT a price, and yet still the greatest value on the market,
Anode voltage (Vde) 170min 175min 5 the PA100 stereo pre-amplifier has been conceived from the latest clrcuit techniques.
- i Designed for use with the AL50 power amplifier system, this (uality made unlt
Cathode Current (mA) 23 14 Y 31; lh\ﬂlrx_tors] incorporates no less than eight silicon planar transistors, two of these are specially
. R i K 5 of t A?lcm.’; selected low noise NPXN (devices for use in the Input stages.
Numerical Height (inm} 16 13 e :‘l ;‘“ﬁ Three switched stereo inputs, and rumble and scratch filters are features of the
— T 1 T o } X:fm “5,' 1§ PA100, which also has a STEREO/MOXO switch, volume, balance and continuously
Tube ngminm) i 47 i 32 1 2 | types a\;ﬂnble variable bass and treble controls. ;
Tube Diameter (nm) 19 13 12 wide on request. SPECIFICATION: i
k - N T T Frequency response 20Hz—20kHz 41dB Bass control +15dB at 20Hz
) L.C. Driver Rec. BPil/14 BP41 or BP47 Harmonic distortion better than 0-1% Treble control +15dB at 20kHz
Bt 141 Inputs: 1. Tape head 1-25mV into 50K Filters: Rumble (high pass) 100 Hz
. - Y = 2. Radio, Tuner 35mvV into 50KS2 Scratch {low pass) 8kHz
PRICE EACH £1'87 £1-70 £1-09 3. Magnetic P.U.  1.5mV into 50KQ Signal/noise ratio better than -+65dB
All input voltages are for an output of 250mV. Input overload +264B
Tape and P.U. inputs equalised to RIAA curve Supply +35 volts at 20mA
INTEGRATED CIRCUIT PAKS within $1dB from 2011z to 20kHz. Dimensions 292 x 82 x 35 mm
Manufacturers “'Fall Outs’’ which include Functional and Part-F tonn! Units. These are claesed as ‘out-of- § GpECIAL COMPLETE KIT COMPRISING 2 AL50’s |
spec’ from the maker's very rigid apecifications. but are ideal for |ex'tmlng about 1.C’s and experimental wo'rk, | SPM80, | BMT80& | PA100 ONLY £25.30 FREE P-&P' only £1 3 1 45
Pak No. Contents Price Pak No. Contents Price Pak No. Contents Price
UIC00=124 7400 0-55 UIC46=5x 7446 0565 UICKE = x 7486 0-55
UIC01 =12 x 7401 055 UIC47=5 X 7447 0-55 UICH0 =5 x 7490 055
UIC02 —12x 7402 0-55 UIC48=5 X 7448 055 UICYi =5 x 7491 0-55 e
UIC03=12x% ;JO;{ 0556 UI(:;SO' 122 X 7450 Ogg UIC92=5 x 7492 0-55
UIC04—=12x 7404 0:55 U1 =12 x 7451 0 UIC93 =5 x 7493 0-55 N ont
UIC05 =12 x 7405 055 UIC53=12x 7453 0-56 UIC94 -5x':‘494 0-55 The 'Stereo 20° amplfier ia mounted, fmldy wired and %ented
UIC06—8 X 7406 0-55 UIC54— 12 % 7454 0-55 UIC95=>5 X 7495 055 on a one-plece chaesia measuring 20 cm X 14 ecm X 55 cm
UICO7— 8X 7407 055 UICE0 - 12 X 7400 055 Ul009—5 X 7406 055 This t unit comes ithfon/onlswiteh puolume
UIC10=12x 7410 055 UIC76=8X 7470 055 UIC100 =5 X 74100 055 control, balance, hass and treble cqnxtmls.Attrufthely printed
UICI3=Bx 7413 055 UIC72=8X 7472 055 UICI21 =5 x 74121 055 front panel and matching control knobs. The ‘Stereo 20° has
plem-inim  gss | GEn-gxim  ow | wielicsxila 0w e e emsaialy oo  sep.
30 =12 x 7430 055 TCT4—8x 7474 0-55 UIC151 =56 x 74151 055 B ? '
UIC40=12X 7440 055 UIC75 —8X 7476 0-55 UIC154 =5 x 74164 0-55 arate cabinet. ’
UIC41 5 x 7441 056 UIC76 =8 x 7476 055 UIC193 =5 X 74193 055 Qutput power 20w peak  Input 1 (Cer) SUMIN o
Ulois —5x 7442 035 Yicso—a x 7480 0-55 UIC199=5x 74199 055 -Freq;res. poiizizoKis B el L 12415 8t 60Hz
IC13=0XxT443 -55 1 x 7481 0-56
gIgA-I=5 x 7444 055 31082=5x 7482 0-55 UICXI =25 Assorted 74'a 1-55 typlcally 0-25% at 1 watt Treble con. + 14dB at 14kHz
IC45 =5 x 7445 0-55 ICB3 =05 x 7483 0-55 Q
Packs cannot be split, but 25 assorted pieces (our mix) is avallable as PAK UIC X1. £1 3 47 free p' & p.

NEW COMPONENT PAK BARGAINS HINEAR LCT—=ROLL pec
e e | BSOS srane et el ‘it [SYSTEM 12

BP 701C—SL701C  69{p 550  49;p

C i 250 Resistors mixed values approx. count by weight . 2 . .. 055 " - 1

C 2 200 Capacitors mixed values approx. count by weight E . .. 055 g}: ;gé??;%&”c gg;g 2{’.{, 223” S TEREO

C 3 50 Precision Reslstors 19;, mixed values . . 2 &3 .. 055 BP 709—72709 3%ip 37ip 33p 2 4

C 4 75 j3th W Resistors mixed preferred values . . o .. .. 055 | BP 709P nA709C 39ip  37ip 33p Each Kit contains two Am- a = ?-Qo

C5 5 Pieces ansorted Ferrite Rods 1 N2 e pe |oss) BETICTEEID. o 4%, G |piifier Modules, 3 watts @[‘ —

C6 2 Tuning Gangs, MW/LW/VHF . S 0558 BT o s5a°  sop  45p | RMS, two loudspeakers, 15 Jx ;

c7 1 Pack Wire 50 metres assorted colours 3 . 1 | o .. 085 §,4703C 3y 28ip 26jp §ohms, the pre-amplifier, T \m

C 8 10 Reed Bwitehes o : - . - X . . 055§ TAA 263— 77p 86p 60jp § transformer, power supply L

co 3 Micro Bwitches - . . L N a T al .. 0-56% TAA 293— 9%n 82{p 77p module, front panel and

C10 15 Assorted Pots & Pre-Bets .. . W E . S oas | TAA o enaer BT SL74 ELO5P | other accessories, as well as ONLY

C11 5 Jack Bocketa 3 x 3-5mm 2 X Standard 8witch Typea . - ..o ossgTTT 2 89% an lliustrated stage-by-stage

C12 40 Paper Condensers preferred types mixed values .. ge |, 9 .. 055 Instruction booklet designed £1 8 L4 6 4 5

C13 20 Flectrolytics Trans. types . . . L] . .. 055 Egg:‘c BD?'IE%P;etE‘eI::IEg‘s for the beginner. Further

Cli 1 Pack assorted Hardware—Nute/Bolts, Grommetaete. .. .. .. .. 055§;=0 Price detalls avallable on request. FREE p. & p.

C15 4 Mains Toggle 8witches, 2 Amp D/P . .. . .. . .. 0553 N, 1-24  25-9¢ 100 up

C16 20 Assorted Tag Btrips & Panels b 3 8 i L] b .. 0551 BPY30 13p 12p 11p

C17 10 Assorted Control Knobs 3 e » . a . o .. 055§ BP932 l4p 13p 12p |,

C18 4 Rotary Wave Change Switches ® .. b ® ... 055§ Bross 4p  13p  12p A)t prices quoted in éw gence - -Ciro No: 388-7006

. . BP935 1l4p 13p 12p -

C19 3 Relays 6—24V Operating o . .- . . . - 055§ ppgag 14p 13p 12p Pléase send all orders dirgct 10 warehouse and.despatechdepartmen(

20 4 Sheets Copper Laminate approx. 167 x 7~ ° 055§ Bpod4 14p 13p 12p

Please add 10p post and packlng on all compenent packs, plus a further 10p on pack Nos. C1,§ BP945 27ip  2Bip 24p 4
C2, C14, C20. BP96 13p 12p  lip
BPY48 27ip  268fp 24p
RTL MICROLOGIC CIRCUITS | DUAL-IN-LINE  1C’s. TWO  Ranges § BP951 7lip 66p  604p -
N h PROFESSIONAL & NEW LOW COST. | BI962 13p 1%p ilp /
B . PROF. TYPE No. 1-24 25-99 100 up. § BP0093 44p 4%  38ip
B - UP | TS0 14 pin type 33p 30p  274p | BP9094 44p 42p 384p
3

Epoxy TO-6 case uL900 TSO 16 1 P P = “
, p 35p 33p BP9097 44p 42p 384p
uffer 38p 36p 29p ' 2 BPY0ag 44, 5 " - ,.H
. 9 p 42  3Bip W
3{8;; Ru;l;ll?ﬂgaw ggp ggp 26p LOW COST No. Devices may be mixed to qualify for quantity P.' o' BOX 6 4 A RE d E
tp-tiop P P 4% BPS 14 18ip 1l43p 12p price. Larger quantity prices on application. Postage and packing add 10p. Overstas add'ealra for airmal
Data and Circuits Booklet for 1C’s Price 8p. BPS 16 174p 18ip 13p (DTL 930 Beries only). Minimum order 50p. Cash with order please

4 2 R Guaranteed Satisfaction or Money Back
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o T TRANNIES 2 woopHiLt,

MAGNETIC HEADS P.0.A.
210028 RCA
259019 RCA

392612 RCA. . ?ggggzgpggzézn... T (Formerly C. R. Hadley Electronics). HARLOW, ESSEX
303489 RCA. .. 76815/948 BURROUGHES 9 TRACK T e('gg;‘;g) 7739 (No callers please)
73927 RCA .. .. 652623DRI 12/101...... 12 TRACK reg

303464 RCA

L651922 DRI FR3000....16 TRACK

2N356/0C139 ... .25p ACI26 Hp | ALIOZ 59 * SUPER LOW

Get110 ........... 20p 1 49 ’
26106/2N711B 4gp QE}% ||: Q}L;lg; a: PRICED LINEAR K's
0AS5 ... --20p ADI6I 55p | BCIO8 8p
I i) et | B | TIew we Tciom
e oare AFII4 f2p | BCIBIL 8 | 7,/ TO99 38p  74ic B pin DIL
BOOPIV ......... 50p AFII5 12p | BCIB3L 8p | 74ic DIL “: i
RAS310AF 1000v Av. AFI16 12p BCI84L 8p 748¢ TO99 429
1.5a 2for 50p AFI17 12p | BC2I2L 8p < 4
STC Wire ended 400PIV BC214L 8p
1a 4 for 50p
RCA PHOTOMULTIPLIER C310058 BRIDGE RECTIFIERS TRANSISTORSS
Checked and tested ... . . .. £37.50 1B40KO550v4a..............95p Lo EST P RICE
RECTIFIER STACKS SWITCHES w B
GEX541B1P2 .....£688 Edwards High Vacuum “Speedivac’” model Ring for bulk enquiries.
GEX541B1P1 .....£350 VSK1B range 25-7(;0 torr contact latli(ngs OC44 13p TIP3IA 58p
GEX541D2P1 £3-50 250v. 5a. volume 4-2 cu. cm. max. werking
GEX541NB1P1F. .. £6:00 pv7essura 15lb/sq. in. gauge net v::?ghol 82;? II;: Ié?a%A g;: TTI. BARGAI N s
GEX541HP3F .....£6-00 17028 . [ e e e | o 4 i B ‘2
SX751N1B1P1F . .£6:00 Belling Delay hand reset L415... ... £110 o ool AN oo Taco IZp.  AND LOTS MORE.
DIGITAL COUNTERS Stackpole min. rocker 125v.10a. 250v. oc29 36p | 2N3055 49p ;‘:% IZP See our price list.
Veeder Root Zero Reset 58 psrrmseseR 20p OC35 28p 2N3702 p ol 452 Also
6 dig. 110v. dc....£4-75 Tippalite Rocket 12v. ... ............. 60p 0C36 36p | 2N3703 lp 2 60
Veeder Root Mech. Reset Securex 5000 press button 250v. ac. . £1-20 ;:gz 62: Super New Cosmos.
L0 - R ———— 50p
Hengstler Reset 6 dig. TELEPRINTERS
210 24v....... .. £3-50 Creed model 75 Receiver—5w Mk3a & 4 new BARGAIN PACKS SLIDE SWITCHES
Hengstler Reset 6 dig. unused complete with connectors handbook
110v Type 400 wnh sup— and computer wiring diagram 5 £1:00 S - 100 £
€SSO ............ £35-00 carr. £1- H I1N400(-2-3 P
INTEGRATED GIRCUITS Flannc oo’ | 1o 5 =
MC3544 ... ... - RELAYS 10-99 4p DPDT 12p 2
MC353G . . £2 Varley Min. 700Q12v................. 50p 5p each 100 plus 3p
MC358AG . L Siemens Min. 12/15v........ ......50p e
MC365G .......... - Magnetic Dev. Type 596E..........£2:00 Unmarked but Minitron
g:gg%? ..... . BR Type M51 240v........... ... .... 65p fully tested. AT ndit MI N IATU RE N
CA3055 .. ... T F1- VARIACS 2N2926G cator Type 3015F NEON
- CD403‘5)AE Zenith Duratrak Type V6M Inp. 135v. & 5p each £1.50 each
YRISTORS 115v. Outp.135v. at6a.. .£6-00 A
GE2N1774200v. 5a.€1-20 Philips Series E401 Inp. 240v. Outp. 0-270v. Unmarked  but Pack of 25 LAMPS
CR1-021C20v.1a. ..25p at8amps . ... £1500 car. 67p fully tested. 109mA. 230v. or |10v.
CR10-101B 100v. 2N 3055 IN4148
102 s d ik s £1:00 KEYBOARDS 19 25p each 50p 5p each.
CR10-02110a..... £1-00 —Special Sale of Limited Quantity 10 plus 22p each | 10 plus, 4p.
CR10-40B 10a..... £1-00 ICT Alpha verifier.............. .. £6-00
CR10-051 10a. . £1:00 carr. 50p
CR10-017 10a £1-00 ICT Numerical, .......... ... ........ £3.50
BTX 82 300R 300v. carr. 35p WW—089 FOR FURTHER DETAILS
............ £2:00 ICL Alpha Verifier (PN7035130)....£50-00
STC 3/40 400v.3a....50p carr. £1:00

CONNECTORS ;
McMurdo Red Range. Plug RP24. ... ... .. .. ... ... ................... 56p
McMurdo Red Range. SKT RS32 W, S o . P lex. P 90p ] [
Eng. Elect. Edge. 36 way 0-2mm. .. o e £1.00
Sylvania Edge. 48 way O-1mm........ pair £1-40

Ultra Gold-plated Contacts. 0-1mm Type 10M 54631263C 38 way. pair £2-:00

e inte rated circvit
CAPACITORS
Daly Electrolytic 9000 uf 40v. 50p; TCC Electrolytic 10,000 uf 70v. 50p; Dubilier ‘ : Ifl ‘

Maetallised Paper Type 426 100 uf 150v. DC 50p; R.I.C. type 1297 1.8uf 440v.

AC 35p.

MOTORS
Crompton Parkinson 240v. 1ph 50¢ 0-125hp 1400mpm........ .. £5-00 carr. 67p
GEC fractional 1/12 hp 230/250v 1ph 50c 2850mpm............ £3-50 carr. 67p
E.E. $hp 230v.50c 1ph 50¢. 1440rpm complete with cap 80/100uf 275v. . . . £13-00
can. £1-00
76813-393 Potter Instr. 110v. DC 4amp 0-2hp. Cont. flange mounting precision
tape transport motor (80 value) ... ... ... ... ... ... ... ...... £25-00 incl. carr.

FANS, CENTRIFUGAL BLOWERS AND

STARTERS
Alrmax Type M1/Y3954 (3 blades) Cast
Aluminium alloy impeller & casing (corres-
ponds to cument type 3965 747} 230v.
1ph 50c¢ 2900mpm Class “A” insulation
425cfm free air weight 94lbs. incl. p.p.
£21-00.
Woods Aerofoil short casing type “S”
2700rpm  220/250v 1ph 50c 6 plastic
impellerincl. p.p. £11-50.
Woods Aerofoil Code 7.5 280K 200/250v.
1-0a 1ph 50c 2700ipm 7% impeller 14
blades incl.p.p. £13-50. i
Service Electric Hi-Velocity Fans, suitable for Gas g
combustion Systems. Steam exhausting, Pneumatic
conveying. Cooling Electronic equipment, Air blast
tor Qil burners. Secomak Model 365 (corresponds
10 575} Airblast Fan, 440v 3ph 50c 0-75hp 2850rpm.
continuous 160¢cfm 12 in w.g. nett weight 44ib
price incl. carn. £41.00. Secomak model 350 250v
1ph 50c¢ 0-166hp, 2800 rpm continuous 50cfm 2 in.
w.g. net weight 34Ibs, price incl. carr. £26-00.
Alr Controls type VBL4 200/250v 1ph 50c. 110cfm
tree air weight 741bs price incl. p.p. £14-50.
Wiillam Allday Alcosa Two Stage Vacuum Pump
Model HSPOB 8hg up to 29 in. mercury rpm 1420.
E.E. 3 phase induction, motor $hp cont. 220/250v.
380/440v.£21-00incl. carr.
Alan West Direct-On SCF Starters 240v. 1ph 50¢
hp.0-5 & 0:25, new, unused £5-75 p.p. 29p.

Where p.p. not advised add 10p per £ handling and post (m UK). ; .y ; ¢
Cash with order. Personal callers welcome. Open Mon-Wed. For full technical information contact:
9.30-5.30 Fri.-Sat. 9.30-6.00. Free Car Park adjacent.

PRICES SHOWN ARE EXCLUSIVE OF V.A.T. g HIIH ELECTRDNIC
W. & B. MACFARLANE CAMBRIDGE ROAD, MILTON, CAMBS

126 UXBRIDGE ROAD, HANWELL, LONDON W7 3SL TELEPHONE CAMBRIDGE 65945/6/7

WW-—088 FOR FURTHER DETAILS

TPA 50 - D Specification

Power Qutput 100 watts rms into 4 ochms
o 65 watts rms into 15 ohms

Freq Response %0.1dB 20Hz to 20KHz into
15 ohms. -1dB at 150KHz

Total harmonic Less than 0-04% at all levals up-to
distortion 50 watts rms into 15 ohmrs

Input sensitivity 0dB to 100mV !
Noise -100dB

Rise time 2 u seconds

Price £53

100V Line(C.T.) and balanced inputs avaitable.

WW—090 FOR FURTHER DETAILS
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CBS SQ* FOUR CHANNEL DECODERS
*Regd. CBS inc.
A complete kit for the home constructor that can be built in under an hour with just a soldering iron and a pair of cutters. Just pop the components

into the positions clearly marked on the fibre glass board, crop and solder.

You then have the identical decoder board we put in our latest QUADRASONICS Hi Fi equipment and the application approved by CBS as described

in Wireless World, March 1973,

£8.00 post free, including licence fee to CBS

80p V.A.T.

If you doubt this, buy our complete and tested production board which is guaranteed for a year.
£| I.OO post free, including licence fee to CBS + £1-10 V.A.T.
DESPATCH GUARANTEED WITHIN 72 HOURS, complete with lucid instructions.

PHASE LOCKED LOOP STEREO DECODER
(as in Wireless World, July 1972)
Another complete kit that takes about 30 minutes to build. No alignment problems and coils to adjust. Just four simple steps to obtain perfect stereo

from your mono tuner.

(1) Connect decorder to your tuner, possibly disconnecting one or two de-emphasis components.
(2) Provide 10 to 16 volts D.C. either from your tuner or a separate power supply.

(3) Tune to a stereo broadcast.

(4) Turn a “preset” resistor until the stereo beacon lights up. You then have stereo radio.

Comprehensive instructions provided, but if you are in doubt, just ask us!

£3.40 post free + 34p V.A.T. (Beacon 34p + 4p V.A.T.)
Still Worried? Then buy one of our assembled and tested production boards complete with stereo beacon and guaranteed for a year.
£4.40 post free + 44p V.A.T. Why pay more?

Due to world-wide shortage of PLL/MCI310P, orders executed in strict rotation and customers will be informed by return if undue delays are likely to

occur.

Why not call on us for a demonstration of quadraphonic and stereo hi-fi. The demonstration lounge in our new factory will be open on MAY Ist.

SONAX ELECTRONICS

SPENCER HOUSE,
BRETTENHAM ROAD, EDMONTON,
LONDON, N.I8.

Tel.: 01-458 4755

§ e - — e e — — — — — — —

o e e e e e -—

Kits [m]
[m] CBS SQ * decoder
Phase locked loop decoder

Please send me: Built and tested

| enclose cheque/postal order for £.... ... ... .. .. . il

e

-1959 o"?s
L

I'vegota
chip on my shoulder

Asingle 24-pin MOS LS| plug in chip, to be exact.
Which not only contains all the digital logic, polarity sensing
logic, over range sensing logic, the comparator to sense threshold
crossing, synchronization of the display strobing, storage register,
but also replaces up to 16 standard 14-pin TTL packages, giving
good reliability and easy servicing. Some chip!

That's not all. I've also gotan LED plug-in readout which
makes me extremeiy long-lived though low on power
consumption. l only use 2% watts (mains operated). |'m very strong.
My larger upright components are compression mounted, so | can
withstand great shock with no damage to my circuit board. You
can have me in 3 standard full scale voltage values — and you can
change the range on my main printed circuit board. When you
order me from Electroplan, they'll send you a handbook with full
instructions on how to change my range. If you want a special
version of me, just ask for their Application Department and they'll
fixyou up. Sothisisthe Daystrom 1295 Digital Panel Meter
signing off now, and leaving you free to write or ring Electroplan
Limited, P O Box 19, Orchard Road, Royston, Herts SG8 5HH.

Telephone Royston 41171. Atonly £77.00 I'm a snip.

’;& Electroplan Ltd. is an
%%, Electrocomponents Associated Group Company

WW-—091 FOR FURTHER DETAILS

)
and only £24.50

The Contil DPM is a complete instrument built an a sing!e board with the DEM
in mind. Believed to be the lowest cost 2§ digit DPM available. it requires
only a 5V supply to operate.

Ranges available are 200 mV. 2V, 20V. 200V. AC and Bi-polar models are
available, as is oversange indication, at a small extra cost.

All models normally available ex stock.

WH25 1 off £24.95
10 off £23.95
100 off £22.95
AC or- Bi-pofar option: + £5.00
P&P15p

WEST HYDE #M{)

West Hyde Developments Ltd.,
Ryefield Crescent, Northwood Hills, Northwood, Middx. HAA INN
Northwood 24941 26732. Telex 923231

WW-—092 FOR FURTHER DETAILS

. Low voltage and cuirent operstion. 7. Adjustable brightness.
. Large bright 12 mm. figures. 8. Any colour by means of filters,
Compatible with TTL I.C. decoder/driver. 9. 140° viewing angle.

PN -

AC or OC operstion. 10. Sherp contrest.
. Rugged construction. 11. Some sipha characters and signs.
. Long life expectancy — 160,000 hours. 12. Also avaitable board maunted with drivers.
1_1 10 3% li 10-99
DA133  Figures only 185 1.75  DA133S Signsonly: + — 1 175 185

DA 133D Figuresand decimal point 1.90  1.80 Filters. red, pink, green, smake, blue: 5p each

WEST HYDE &)

RYEFIELD CRESCENT, NORTHWOQO HILLS, NORTHWOOD,
MIDDX. HAG INN. NORTHWOOD 24941/26732. Telex: 923231,

wwwwamericanradiohisternvy. com


www.americanradiohistory.com

a6b6 Wireless World, May 1973

G. F. MILWARD

ELECTRONIC COMPONENTS

Wholesale/Retail : 369 Alum Rock Road, Birmingham B8 3DR. Tel. 021-327 2339

Special Offer!!!
SMALL ELECTROLYTICS MULLARD ELECTROLYTIC CAPACITATORS

Ref. No.  Capacity Voltage i Ret. No. Capacity Voltage R
Ha/i it 150 A st 5 071 and 072 Series

2uf 150v 8out Working Capacitance Max. Ripple
25v A Type No. Voitage Vde. uF Current at 50°C Weight  Price
2:4 amps 1oz 15p
3-9 amps 1oz
5'8 amps 1ioz
7-9 amps 230z
5-8 amps
10-5 amps
13-8 amps
2:2 amps

16472
16502
16752 7500 + 7500
17342 3400 + 3400
17502 5000 + 5000
071 18681 680
072 18172 1650 + 1650

106 and 107 Serles

106 15103

106 16223 25

106 17103 40

106 18153 63

107 10222 100 10 amps

Type No. Voltage i Weight
102 15163 8oz
i6oz
7oz
502
160z
50z

W B AL

A 1urther 10% discount on lots of 100 of any one type.

Please calculate the weight of your order and include appropriate postage.

Ordinary Ordinary Ordinary Ordinary

Not over Parcels Not over Parcels Not over Parcels Not over Parcels
1}ib 18p 4ib 10lb 37p 18lb 57p
2tp 14lb 4Tp 22ib 67p

TRANSISTORS NEW! NEW! NEW! NEW!
Output Transistors Field Effect Tvlmiuou An aerosol spray providing a convenient means of producing any number of copies of a
BD 112 .. B .. .. .. 25p BFW 12/13/14 . .. 25p printed circuit both simply and quickly.
0C36 .. s = e .. 50p Mlcvo-mlnia(nra N P. N. Method: Spray copper {aminate board with light sensitive spray. Cover wlith transparent film
BD 145 .. - G = .- 259 BFS 18 = - .. 10p :DO"I WNChIC"CU“é‘a? lr)‘e'en drawn] Expose to light. (No need to use ultra-violet.) Spray with
veloper, rinse and etc| n normal mann
Small Signal N.P.N. i ';DA 1‘00.1'.403[4501:“52 - - 1% L:egh! spensnwe aerosol spray -~} K .er . . .. .. o £1:00 plus
Bepoe) o . * on 3. :zp "C’S';e A"“’"‘ e - £4 Developer and Etchant = £ a3 e o an o in 50p postage
BFise I 1 1 .iop Coviea I L I lew
ngh(-xentlhve 'I'un: RESISTORS VEROBOARD
Tr;;l;rg‘lmnv Types £1 ocCP 70 .- 20p 1 and § watt. Mgsl valuefs in stock. 75p per 2¢in X 1in X 0-15in ‘. 6p
. .- . .- .- & Te: ' D S 1wnﬂ e 100. 10p per dozen of any one value. 3iin X 2¢In X 0-15in .. . .. 1§
Blyaea .. L 11 1 Il £ m;m,;“;;‘,g" Hiver Ber WIRE WOUND MAINS DROPPERS. 3%in x 33in X 0-15in 20
BLY 93A . o I v .. £9 INTEGRATED CIRCUITS Hundreds of values from 07 ohm upwards. Sin X 2}in X 0-15in 20p
Microwave Varactor TBA 500 Luminance I.C. .. . £ 1 watt to 50 watts. A large percentage of 5in X 33in X 0-15in . 28p
:3.4% 27/23/32/35/35/37/33[39/40/41 .. £ TBA 510 Chrominance l.C. .. £ these are muiti-tapped droppers for radio/ 17in X 2%in X 0-15in .. . .. 55p
FEQ 101 64bit Memory. . * . £ televiston. Owling to the huge variety these 17in % 3%in X 0-15in .. .. T4p
Microwave Detector 7400 .. L - N .. 12p can only be offered "assorted’’ at 50p per 33in x 23In X 0-1in .. 9 .. 2p
CAY 10 .. - D £5 7401 & B -~ ] .. 12p dozen. 33in x 33in X 0-1in .. 0 .. 24p
7410 . v ] = .. 12p 5In X 23in X 0-1in ] = 21p
M'égg;;n Mlxev 7420 .. 12 s .séseincx 0-1in
. £20 7440 - b ™ - .. 12p nol ace Cutter 38p. Pin Insert Tool up.
Microwave Gunn Eﬁed Olcllllh" ;:gg % ;}: Terminal Pins (01 or 0-15) 36 for 18p.
Gas o oo Em un 2o
CL8390 .. .. . . £ R TEN TE
CLsat0 | £40 7474 e e e .. 320 MULLARD POLYESTER ERIE MONOLITHIC CERAMIC
.. o .. o .- 35p y n 3p each; 20p dozen; £1-75 per 100
g erow ey’ Dunns!'Dicdss &8 M0 L . st 00tuf  -0018uf  -0036uf  -015uf 10pt 68p1 560pt
AEY 16 .. = 3 I s 7491 e £s = .. 18p -0012uf  -0022uf  Otuf -033uf 15pf 100pf 620pf
— 7492 .. 58p -0015uf -0027uf  -012uf -082uf 22pf 150pt 680pf
R.F. Transistors g 7493 - 5%p 20p dozen; 75p-100; £5-1,000; £40-10,000 33pt 220pf 1,000pf
8F 180 .. g 0. o .. 20p 7495 ' B - .. 88p “15uf -18uf -22uf -39uf -68uf 39pf 330pf
BE184 .. .. .. .- .. 10p 5400 IR e .. 10p 20p dozen; £1-100; £6-50-1,000;£50-10,000 47pf 470pf
AF 124 .. .. 20p 6404 10p
RECOIRDING TAPE BARGAIN! The very best Bl:;hhl_m‘del Io;v “0“05'?0:1 q:aﬁl(l.ty
Tapel 5In Standard 38p. Long-play 45p. 5}in Standard 45p. Long-play 60p. 7in Standar p
Long-play 82p. We are getting a_fantastic number of repeat orders for this tape. Might we
suggest that g)u order nolw:vuv‘v)h';[slsvée s(_lll_l !I\j\(l;e nngoc:zslock at t:lelse Io'v': prices? ”, T RECTIFIERS 1 N4007 1 200 peak VOItsv 30
TRANSISTORISED F ESCEN HTS, volt. with reversed polari
:no(oc(lon 8 watt type with reflector gurlable for tents, etc. £3. PostageIF;acklng '2]5{:1 15 vtva’:l ampS pe.akcurrent! 1 amp mean current' 1 oo
ype, batten fitting for caravans £4. Postage/Packing 25p. 13 watt type, batten w switcl
22In X 2in X 1in £5. Postage{Packing 25p. THESE CAN BE SENT ON APPROVAL AGAINST for £7'50, 1 ,000 £50.
FULL PAYMENT
100 i-} WATT RESISTORS 1 VERO-BOARD CUTTER 20 ASSORTED UNJSED 6 COMPUTER PANELS
100 CERAMIC 52fin. x1in. x 15-BOARDS MARKED, TESTED CONTAINING MASSES OF
CAPACITORS 50 SQ. INS. “ODD PIECES" TRANSISTORS DIODES, TRANSISTORS,
100 DIODES VERO BC108 ETC. Luggg';gnso RESISTORS
PACK No.1 | PACK No. 3 | PACK No. 5 | PACKNo.7
100 RESISTORS 100 RESISTORS 1 TRANSISTORISED 100 RESISTORS
£1 100 CERAMIC £1 100 CE AMIC £1 SIGNAL TRACER KIT £1 100 CAPACITORS
CAPACITORS L CAPACITOR 1 TRANSISTORISED (ASSORTED TYPES)
100 POLYSTYRENE 50 MUI.LARD POLYESTER SIGNAL INJECTOR KIT
CAPACITORS CAPACITOR
PACK No. 2 | PACKNo. 4 PACK No. 6 PACK No. 8

REMEMBER! ALL GOODS PLUS 10% V.A.T.

G. F. MILWARD, Drayton Bassett, Tamworth, Staffs. Postage (minimum) per order 15p.
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= v\f‘a\“l’\'npp‘{'l"ifl"éTRSDFE%'l‘GN s "l'Ex AN’ TEXAS INSTRUMENTS DESIGNED SEMICONDUCTORS
oLL/C & APPROVED FULL KIT
ioowW AMPLIFIER (FEB. 1972) 2N699 0-25 | BCI84L o1
Designer approved kit 2NI1613 0-20 | BC212L 012
Semiconductor set 2NIT7I1 0-25 | BC214L 014
Reslstors cupucntors. pots 2N2926G 0-10 | BCY72 0.13
F/Glass PCB 2N3053  0-15 | BF257 040
POWER SUPPl;Yk (For IOOW Amp) 2IN3055 0-45 | BF259 0-47
Designer approve it. :
Semiconductors, Resistors, cupacitors. pots, trans- 2N3442 1-20 | BFR39 0.25
formers, F/Glass PCB . .. .. 2N 3702 0.11 | BFR79 0.25
JoW BLOMLEY (New upprouch to cluss B) 2N3703 0.10 | BFYS50 g;g
Semiconductor set o 2N3704 0.10 | BFY5I i
Reéulstorsccupumtors pots a% 2IN3705 0.10 E:'Ig? 0-20
F/Glass PCB_ . . £28.50 : ]
30W BAILEY (Single power rull) INCLUDES TEAK CASE %mgg;’ g‘l’: M9 130
Transistor set . . 4-60 2N3708 0‘O7 A OIgO
Resistors, capacitors, pots 1-45 B MPSAOQS 0:55
Fi/Glass PCB . . 0-65 . . ichard M 2N 3709 0.09 | MPSAI2
20 Watt per channel stereo amplifier designed by Richar ann 3710 9 | MPSAI4 035
LINSLEY-HOOD CLASS A (Dec 5 I97O cvrcunt) ) ! . N ) 2N371 0.0 PSASS 0.35
Designer approved kit. of Texas Instruments and published in Practical Wireless May- | 5375 0.09 :PSAGS Hi-
2N3055 pair, BC212L, 2NI7I1 20 | July 1972. NI 023 | MPSASS 038
:}/2;:‘;'; c;p“'“’"' POL i ;28 This low distortion (0.09% at 20W into 8 ohm), wide bandwidth | 2N3904 017 | MPSUOS  0-60
|_|Ns|_Ey_H°60 20W CLASS AB (—3dB 5Hz-35KHz) design is offered as a Texas Instruments | 2N3906  0-20 ?:;%545”, g;g
Designer approved kit approved full kit (including all metalwork and Teak case for a | 2N4058 0-12 A
N IN4062 011 SN72748P 0-58
M]481/491, M]ES2I, BC 1821, BC212L, zener .. < 335 oral of £28.50 post paid. Full details in price list. THBI 1 110
Resistors, capacitors, pots .. a. .. 2°20 2N4302 0-50 TIP29A 0-50
F/Glass PC 880 e = = - ® .. 070 2N5087 0.42 [ TIp30A 0-60
Please state or ORK SYSTEM 2N5210 0.54 | TIP3IA 0-60
REGULATED 60V POWER SUPPLY METALW . . INS54S7 030 | TIP32A 0-70
A 5 transistor series stabiliser, suitable for a pair of Designed to house Bailey, Blomley or Linsiey Hood Class AB INS830 0-30 | TIPIIA 1-00
glucll?:—o:erc:?;?\m;lt\el)ll s:::a/l(l:ﬁ:rsk. steét:r;:r;%l:;r; erfectlve 485 amplifiers with simple.or regulated power suppliesrand Ba!ley 40361 0-40 E:i?ﬁ ‘I);:
Power supplies for other amplifiers also available Burrows pre-amp. Options of standard or hum reducing toroidal | 40362 045 | ripg2A 0-90
BAILEY/BURROWS PRE-AMP (Aug |97|) mains transformer. BC107 0-08 | T|p3055 0-60
Component Set: Mono - .. 278 BCI08 0-08 | 1BOBT20 0-50
Component set: Stereo . 635 BCI09 0-08 | {B4OK20  |-40
Each component set comprises ofl %Il spemfed Irislstors TOROIDAL TRANSFORMER 60 volt 2 amp. BCI25 0-15 | IN9I4 0-07
ﬁﬁﬁfféﬁffr SEZ?ZZ'?;? pas (RS9l ESTTy) Refamse Max. height 2in. Suitable for our regulated power supply £7.40 | BCi26 015 :?&'6 gg;
Stereo F/Glass PCB .. =P " e w180 Gimple ClAMP e £0.20 | BCIB2K 010 | 15979 0-10
STUART TAPE RECORDER . X BC2I2K  0-12 | }53062 0-25
Set of stereo f/glass PCBs .. a4 e v . 2-70| Magnetically screening clamp........................ £0.75 | BCI182L 0-10 ' 5805 1-20
Components sets on price 'ist.

HI-FI NEWS 75 WATT AMPLIFIER

BY J. L. LINSLEY-HOOD

DESIGNER APPROVED KIT

SLIMLINE STYLE CHASSIS DIMENSIONS: 17.0in. x 2.0in. x 12.0in.
This slimline unit has been made practical by the use of a specially designed
TOROIDAL TRANSFORMER and highly compact printed circuit boards which
have been fully tested and approved by Mr. Linsley-Hood.

Published Nov. 1972 to Feb. 1973

% 75 WATTS PER CHANNEL
% BANDWIDTH (3dB) 3HZ-40KHZ
% DISTORTION LESS THAN 0.019%
 UNCONDITIONAL STABILITY
COMPONENT PACKS
Pack
I Fibre glass printed circuit board for power amp. ...... £0.75
2 Set of resistors, capacitors, pre-sets for power amp. .. £1.50
3 Set of semi-conductors for power amp. (hlghest voltage
VErsion) ...l e £5.50
4 Pair of 2 drilled, finned heat sinks .................. £0.80
5 Fibre glass printed circuit board for pre-amp........... £1.10
6 Set of low noise resistors, capacitors, pre-sets for pre-amp £2.70
7 Set of low noise, high gain semi-conductors for pre-amp £2.10
8 Set of potentiometers (including mains switch) ........ £1.55
9 Set of 4 push button switches, rotary mode switch .... £3.10
10 Toroidal transformer complete with magnetic screen/

housing primary: 0-117-234 V. secondaries: 33-0-33 V.

F R E E Total cost of individually 2?1-0-24 V., elgctrostétic SCTEEN ..ovrivminnes.niinss £9.15
purchased packs: Il Fibre glass printed circuit board for power supply .... £0.55

TEAK CASE £63.95 I2 Set of resistors, capacitors, secondary fuses, semi-
conductors for power supply ............ ... ... ... £3.50

T . 13 Set of miscellaneous parts including DIN skts., mains

WITH 75 WA PER Cost of complete kit: input skt. fuse holder, interconnecting cable, control
CHANNEL COMPLETE £56.60 4 ls(nobsf ..... |k ...... |d|k td £3.25

et of metal workparts including silk screen printe

AMPLIFIER KITS TRABESENOUIRIES WEECEIRE fascia panel and all brackets, fixing parts, etc. ........ £6.30
e T I5 Handbook, based on Hi-Fi News articles .............. £0.30
P:5: Ruil' cieuit"deseripeion ih HaRdbook w. . . 30P 16 Teak cabinet ...................................... £1.35

FOR FURTHER DETAILS PLEASE WRITE TO:

POWERTRAN ELECTRONICS

22 PANTILES : BEXLEYHEATH : KENT

2 each of packs 1-7 inclusive are required for complete
stereo system.

Basic Component Set

Set of semi-conductors, resistors, capa-
citors, printed circuit boards for stereo

MAIL ORDER ONLY POST FREE TO U.K. OVERSEAS AT cOsT | POWer amp, pre-amp. and power supply.

U.K. Orders Subject to 10% V.A.T. Surcharge

£31.35
Handbook Included

wwwL americanradiohistorv. com.
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.
R.S.T. VALVE MAIL ORDER CO. Pstgi il R.S.T
e%da B w » London, SWI6 2BS Tei: 01-677 2424 seda 0=
VALVES ECF52 0.40 | EF98 075 | EZsv 027 | OA2  0-38 | PD50U 1-30 | P¥s2 0-35) UCH42 070 | 1T4 030 | 6BR7 090 | 6USG 1.0 | 12BH7 0-45 | 80 0-56
ECH35 1-00 | EF183 0-30 | EZ81 029 | B2 0-35 | PEN45DD | PY83 038 | ycHs1 040 | 384 035 | 6BW6 0-85 | 6V6GT 0-40 | 30CI5 0-80 | 807  0-50
AZ3t 055 | DY802 0-35 | ECH42 0-75 | EF184 0-35 | EZ90 0-35 [ 0Z4 040 075 | PY500 100 [ ycico g.g5 | 8Y4 048 | 6BW7 0-80 | 6X4 0:35 | 30C17 0-90 | 6080 1-60
AZA1  0-60 | EABCSO ECHS1 0-30 | EHO0 0-40 | FW4/500 PCRG 060 | PFL2000-65 | PY800 0-40 5RAGY 075 | 6C4  0-33 | 6X5GT 0-40 | 30C18 0-80 (6146  1-60
CBL31 1:00 0-35 | ECHB83 045 [ EL33 1% 075 | PC88  0-60 | PL36 0-55 | PV801 0-50 | UCLB3 080 | syiic ¢35 | 6CD6G 1:25 [ 7B6  0-70 [ 30F5 0-85 | TUBES
CL33 1.30 | EAF42 0-55 | ECHs4 0-45 | EL34 0-50 | GY501 0-80 | PC900 0-48 | PL38 225 | 8P41 .00 | UF4i 060! 5v4G 0-45 [ 6CHE 0-60 | 7B7 030 | S0FLI 0-75 | 2AP1  4-00
Y31 0.43 | EAR8010-50 | ECL80 045 | EL37 205 | GZ30 0-40 | POC84 0-40 | PL81 0-50 | 8P61 075 | UFSY 0-40 | 5YSGT 040 | 6E5 ~ 1-00 | 7C5  1-13 | 30FL140-85 [ 3BP1  3-00
DAFO1 0.30 | EBC33 0-50 | ECL82 0-35 | ELsl  0-60 | GZ32 0-48 | PCCS9 050 | PL82 045 | T41  1.00 | UL4l 0-65 | 524G 040 | 6F28 085|706 075 | 30L15 0-85 | 3DP1 280
DAFS6 0.45 | EBCAL 0-55 | ECLS6 040 | EL42 065 | GZ34 0-60 | PCC1890-55 | L83 0-45 | U25  0-80 | ULs4 0-40 | 6/30L2 080 | 6J5GT 0-30 | 7H7  0-50 | 30L17 0-80 | 3EG1  3-25
DOCS0 1-35 | EBC8I 0-30 | ECLL80O EL8s 05| H3 0-90 | PCF80 0-30 | PL83 040 | U26 080 | UY41 0-48 [ 6AL5 0-20 | 6J7GT 0-45 | 787  2-25 | 30P12 0-80 | 3FP7 1-50
DF91  0-30 | EBF80 040 2.25 | EL91 035 | HL41IDD PCF86 0-60 | PL500 0-80 | U37 210! UY85 040 | 6AQ5 0:38 | 6K6GT 0-60 | 7¥4 085 [ 30P19 0-85 | 3GP1  2-50
DF96 046 | EBF83 0-40 | EF37A 1.20 | EL95 0-35 .68 | PCF8010-50 | PL504 0-80 | U191 075 | VP4B 125 | 6A87 0-85 { 6K7GT 0-35 | 12AC6 0-50 | 30PL1 0-75 | SBP1 400
DK91 0-40 | EBF89 0-30 | EF39 0-60 | EL360 120 | HN309 1-50 | PCF8020-50 | PL308 0-90 | U404 0-60 | VR75/30 6AT6 0-35 | 6KBGT 0-50 | 12AD6 0-55 | 30PL130-93 | 5CP1 500
DK92 055 | EBL31 150 | EF41 0-65 | ELLS0 1-00 | KT61 1-75 | PCF8050-80 | PL509 1-80 | UB0l 1-18 045 | 6AUS 025 | 6P25 175 | 12AE6 0-55 | 30PL14 0-90 | 5FP7 3-00
DK96 050 | ECC0 1.00 | EF52 195 | EM80 045 | KT66 2:35 | PCF8060-70 | PL80L 0-80 | UABCS0 VR105/30 | GAV6 0-30 | 6Q7GT 0-43 | 12AT6 0-30 | 35L6GT0-50 | 88D 10-00
DLo2 035 | ECCBI 0-35 | EFR0 025 | EM81 060 | KT81 (7C5) | PCF8080-85 | PL802 0-95 0-40 038 | 6na¢ 025 | 68G7TM 0-40 | 12AT7 0-35 | 35W4 0-35 | CV42017°50
DL9: 0-48 | ECCs2 0-30 | EF85 0-35 | EM84 0-35 ‘13 | PCL82 035 | PX4 250 | UAF42 035 | VRIS0/30 | ¢ppg g-.ap | OBI7GTO30 | 124U6 0-35 | 3523 070 | CV960 5-00
DL86 045 | ECC83 0-30 | EF86 030 | EVsl 040 | KT88 2-25 | PCL83 0-85 | PX25 250 | UBC41 0-50 035 } 059 | 681,7GT0-35 | 12AU7 0-30 | 3524GT0-60 | DG7-5 8-00
D 043 | EGoss 040 | EFss 0.8 | EY86 040 | KTW611-00 | PCL8S 0-45 | PY32 0463 | UBPS0 0-40 | Y63 125 | SBH6 075 | 63N7GT 124X7 0-30 | 5005 ©0-50 | DG7-610-00
DYS86 033 | BECC8: 040 | EFyl 0-33 | EZ40 0-50 | KTW621-00 | PCL#5 0-40 | PY33 0-63 | UBF890-35 | 1R5  0-40 6BJ6 050 0-35 | 12BA6 0-40 | 50CD6G VCR1387-00
DYR? 0.33 | ECFS0 0.35 | ER02 0-35 | Ez41 0-50 | N78  1.50 | PCL#6 0-45 | PY81 0-30 | UCC85 0-40 | 185  0-30 | 6BQ7A 0-45 | 6U4GTO 65 | 12BEG 040 1-20
TRANSISTORS 2N3700 0-10 | AF116 025 | BF1Y5 0-15 | CR83/40 GJTM 087 | NKT128 NKT403 Oaus 007 | OC26 025 | OC71 0-12 | OC84 025 | ORPAO 0-40
2N3710 0-10 | AF117 0-25 | BF196 0-15 0:50 | F.8100A0-20 0- .75 | 04200 007 | OC28 0-60 | OC72 0-20 [ OC123 0-65 | ORP6L 0-42
IN21  0-17 | 2N708 0-15 | 2N37110-10 | AF139 0-30 | BF197 0-15 | CS10B 313 | MATIO1 NKT211 NKT404 0A202 010 | OC20 0-60 [ OC73 0:30 | OC139 0:25 | 8X640 0-50
IN23 020 | 2N1302 0-18 | 2N3819 0-35 | AFZ12 1-00 | BF861 0-28 | CV1i02 0-18 0- 0-65 | 0A210 025 | 0C30 040 [ OC74 0-30 | OC140 0-35 | 8X642 060
1N1001 0-07 | 2N1303 0-18 | 2N4286 0-16 | BC107 0-10 | Brags 0-28 | CV103 0-18 [ MATI20 NKT213 NET7130-25 | 0A211 0-20 | OC35 050 | OC75 0-25 | OC141 0-60 | 8X643 0-70
IN40G2 0-08 | 2N1304 0-22 | 2N4289 015 | BC108 0-10 | BFY50 022 [ CV253 1-00 : 0-25 | OA5  0-20 | OAZ2020-42 | OC36 080 | OC76 0-25 | OC169 0-20 | zs21 o015
1N4003 0-10 | 2N1305 0-32 | AC126 0-20 | BC100 0-10 | BI'Y51 0-20 | CV21541-63 [ MATI2I NKT214015 | 046 012 | OAZ2100-32 | OC41 025 | OC77 0-40 | OC170 0-25 | Z822  0-45
1N40040-10 | 2N1306 0-25 | ACI27 0-25 | BC115 0-20 | BFY52 0-22 | CV2155 168 030 | NKT216 047 015! OAZ2110-32 | OC42 030 [ OC78 0-20| 0CI71 0-30 | Z8170 0-10
IN4006 0-16 | 2N1307 0-25 | AC128 0-20 | BC116 0-25 | BTY 7Y/ CVi1084-00 | MIE3700-97 037 | 0A9 0-10 | OAZ2420-23 | OC43 0-40 | OC78D 0-20 | OC200 0-40 | Zs178 0-40
18111 013 | GN2147 075 | AGL76 0-20 | BCI17 0-50 | 100F. 0-75 | CV71083-75 | MJE5200-87 | NKT217 | OAL0 025 | 0AZ2440-22 | OC44 017 | OC7y 0:22 | OC201 0-70 | Z8271 018
19131 0-13 | 2N2218 0-20 | ACI187 0-25 | BC169Ce-15 | BY100 0-15 | DD000 0-15 | MJE2955 095 | 0A47 0-10 | OAZ2460:23 | OC44M 017 | OC81  0-20 | OC202 0-80 [ ZT21 0-28
18132 013 | 2N2444 1.91 | AC188 0-25 | BCY34 0-30 [ BY126 0-15 | DD06 0-18 1-37 | NET218 0A70 010 | OC16 0-50 | 0C45 012 | OC81D 0-20 | 0C203 0-40 | ZTX1070-15
2G220 083 | 2N26460-45 | ACY17 0-30 | BD121 0-65 | BY127 017 | GET1020-30 | MIE3055 13 | 0A71 0-10 [ OCI6T 0-38 | OC45M 018 | OCSIM 0-20 | 0C204 0-40 [ ZTX1080-12
2G301 020 | 2N2926 0-10 | AD140 0-50 | BD123 0-80 | BYZ8RC GET1030-22 -87 | NKT301 OA79 010| 0C19° 037} OC4 0-27 | OCBIDM 0C205 075 | ZTX3000-12
2G302 0-22 | 2N4702 9-10 | AD149 0-50 | BF115 085 | serics0-18 | GET1160-50 | MPF102 04 | OAB1 008 | OC20 0-85 | OC57 060 ‘18 { OC206 0-80 | ZTX3040-25
2N6496 015 | 2N37030-10 | AD1G1 0-37 | BF173 0-28 | CRJ/05 GHTB75026 0-42 | NKT304 OAS5 012! OC22 050 | OC58 080 | OCBIZ 0-30 | OC207 0-90 | ZTX5000-18
9N697 015 | 2N3704 012 | AD162 0-37 | BF180 0-35 25 | G1IX66 1-25 | MPI1'1030-35 076 | 0A86 015 | 0C23 060 | OC59 0-65 | OCS2 0-25 | OCP70 0-42 | ZTX5030-17
2N706 010 | 2N37050-10 | AF114 025 | BF181 0-35 | CR81/40 GEX541 MPF104 NKT401 0AS0 008 | 0021 060 | OC66 050 | OC82D 0-20 | OCP7L 097 | ZTX5310-25
aN70640-12 | 2N5707 012 | AF115 0-25 | BF194 017 0-47 075 037 087! 0a91 007 0C25 037' oc0 012! OC83 025 | ORPIZ 0-50
VALVES bas tzkl 810 072} G943 CVus (1Y Uy Lot UN U4 Liouk [C3.N %] Mil4u3 QB108/45
5Z4G 12B14 828 GALSW | 6939 cvsl CVi15 Cv2361 CV1044 E181CC GXU3 ME1404 Q5150 16
1B3GT | aBos 13D1 8298 5727 cvis CVi18 CV2466 CVi046 E182CC GXU+ ME1500 Q=150 30
1824 §B29 GAF4A 13E1 830B D21W | 7193 CV53 CV417 CV2516 CV 1048 F186F GXUS50 ME1501 QB150/36
IB35A 3cee 6AKS 28D7 860 5749 7203 cvi3 Cv428 Cv2519 CV1053 E188CC Q8150/40
1B63A 3c23 6AM5 29C1 866 5750 7360 CVid CV434 CV'2520 CV1056 EAS0 KT66 0A2 Q8150/45
1N21 3C24/24G | BAMS6 53KU 8664 5751 7586 cvas Cva47 CV2522 CV4039 EA52 KT67 0A3 Q8150/80
IN21B 3C45 AN 75B1 866E 5802 cviLig CV149 Cv2721 CV4060 EA76 KT88 Q81200
1N23B 3CX100A5 | 6ANS 75C1 8974 5814 8013 cvial CV 466 Cv2901 CV1062 ECC35 0A4G Q81202
1N23CR 3E20 64R5 8341 881R 5823 80254 cvi24 CV469 Cv3523 CV4063 ECF804 8079 Q81203
1X24 3J/121E 6A86 8541 891R 5840 Ccv128 CV488 CV3929 CV4064 EF50 M8080 0B2 Q81205
IX2R 3J/160E 6AU4GTA | 85A2 5963 8001 CV13l CV491 CVi3086 Cv4079 EF54 MB8081 0OB3 U37
3J/170E 6AUSGT | 90AG 954 5965 9002 cV132 CV492 CV3988 Cv4501 EF55 M8082 oD3 QV03-12
2A3 3Q/150E | 6AUS 90AV 955 2003 CV1i3 CV483 Cv3991 CV4502 FF804 M8083 0a3 Qvo47
2AB15 3Q/195E BAVS({TA 90C1 956 6005/ 9004 Cviss CV7l? CV 3998 CV4503 EFP60 M8091 OZ4 QV05-25
2C28A 84 GAWSBA 890CG 957 BAQBW | 9005 CVIi36 CcV808 CV4001 CV4504 EN30 MB8098 0Z4A QV06-20
2C31 3V/340B | 6AX5GT | 9oCV 021 9006 CV187 Cv1072 CV4002 CVi4507 EN31 M8097 QY3-125A
20394 3V/300A | 6B4G 9541 1625 4057 cv138 CV1076 CV4003 CV1508 EN32 8098 oT15 QY1-2504
2043 3v/300B | 6BASA 100TH 6058 132014 CV140 cV1092 CV4004 CV5060 ENO1 M8100 Q¥4-1004
2D21 6BK4 150B2 2050 6059 CV144 cv1219 CV4005 CV6004 EBU74 M8136 QA2400
2D21wW 4-125A 6BK7A 150B3 2050W 6060 A1834 CV160 CV1343 CV1006 CV6008 ESU76 M8137 QA2403 R10
2E26 1-2504 6BLIGTA | 150C1 2051 6061 42087 cv173 CV1475 CV4007 CV6045 ESU77 M8140 QA2404 R17
2J31 4-400A 6BN6 150C2 6062 A2134 CV187 CV1476 CV1008 DA30 M8141 QA2406 R18
2533 4B32 6BR7T 1560C3 4003A 8063 A2293 CV188 CV1477 CV 1008 DAL Féor7 M8142 QA2407 811E12
2150 4C35 6837 150C4 4212D or E | 6064 A2426 Cv190 CV1478 CV4010 bals F8060 M8144 QB3/300 8130
2J54 4CX260B 6BX7GT 250TH 4242A 6065 A2521 Cv220 CV1794 CVao11 D‘AIOO F6061 M8149 QB3-5-750 8130P
20564 41E27 6BZ6 328 4313C 6067 A2900 Ccva61 CV1480 CVi012 DET22 F6063 M8157 QB4-1100 | 3Tv280/10
2K 25 4150 6CB8 399 43284 6072 ACT6 Cv273 CV1481 CV4013 FX219 M8161 QF41 STV450/50
2K 26 1352 6CH6 831-P1 4687 6073 ACT9 CV284 CV1482 CV4014 E55L FX225 M8162 QF45 SUL1
9K28 11624 6CL6 5544 6074 cvass CV1787 V4015 E80CC FX227 MB8163 QQV02-8 | Juie
2K 45 1153 6CW4 7054 5545 6080 BIC 1E CV2R7 CV1832 CVa016 E80FC M8167 QQV03-10
2X2A 4X150A 6DK6 T15A 6097C B39O V31 CV1833 CV4017 ESOF GL,371K | M8179 QQVv03-20 | TDO3-10
4X 150D 60Q6B 715B 5642 6130 B8156 CV329 CV1£35 CV4018 EXOL G120/18 M8190 QQV03-20 TT15
SA/1074 3X250B GEAS 723A/B 5644 6136 BT5 Cv337 CV1994 CV4019 E80T G150/2B | M8196 QQV03-20A | TT21
3A/108A 6F33 T25A 5651 6189 BT35 Cv342 CV2000 CV4020 E81CC G180/2M M8204 QQV04-15 TTR3IMR
34/108B sB/251M | GHA(metal) 5670 6197 BT45 CVi4b CV2131 CV4022 ESLL G240/2D | M8212 QQV06-40 | TZ40
3A/108B 5B/252M GK7GT 801 5872 65201 BT79 CV354 Cvals4 CV4023 E820C G400/1K M8214 QOV0B-40A U
SA/110A 5B/254M | 6UBA 803 5676 6202 BT83 CV359 CV2155 CV40%4 E83CC GN4 M8223 Q870/20 o
3A/110B 5B/255M | 6V6GT 805 5687 6203 CV360 CV2160 CV4025 E83F GTIC M8224 Q875/20 U1s
3A/146] 5B/256M 807 5696 6205 cic CvV371 Ccv2179 CV 4028 E88CC GTR120W | MB225 QB75/40 U27
3A/167M 5B/257TM 11E3 808 5702 6360 C1K Cv372 CV2235 CV4033 E90CC GTRI50MS | M8232 (Q875/60 VL8631
3AB 11E13 811 5718 6442 CAA322 Cv378 Cv2237 CV4035 E90L au 8237 Q883/3
3B/240M | 5D21 12AY7 811A 5719 6463 cvs Cv381 Ccv2238 CV4038 E9IH GU20/21 | M8245 Q892/10 Z300T
31/241M | SR4GY 12B4A R12A 5725/ 6550 cvas CV395 CV2253 CV1039 E92CC GUs0 ME1300 | Q895/10 2759
3B24 5U4GB 19BY7A ! 813 6A86W | 6807 Cves V397 CV2289 CV1040 180CC GXUl ME1401 Q8105/45 | 2803U
reui 7410 .. 0-20 7437 .. 0-86 7476 045 74107 0-50 74157 1-80
rat W R o | s ommoow o omE
g . 7412 .. 0- 7440 - 3 7411 q 4 P
iy - 020} a3 030 | 741N 078 7483 1.00 74118 100 | 74175 135 LOW PROFILE
7403 o0 | 7418 0-30 7442 078 7484 0-90 74119 1-90 74176 160 SOCKETS
7408 020 7417 0:30 7450 0-20 7486 0-45 74121 060 74190 195 14 pin DIL, 16p-
7405 00 7420 0-20 7451 0-20 7490 0-75 74122 1-35 74191 1-95 16 pin, DIL, 17p.
7406 0-30 7422 0-38 7453 0-20 7491AN 1-00 74123 270 74192 2-00 . .
7407 0-30 7493 0-48 7454 0-20 7492 . 0-75 74141 1-00 74193 2:00 Stockists. of English
7408 0-20 7425 0-48 7460 0-20 7493 . 075 74145 1-30 74194 2:50 Electric, Ferranti,
7409 045 7427 0-42 7470 0-30 7494 0-80 74150 3:35 74195 1-85 M.O. Valve Co.,
7428 0-50 7472 0-30 7495 0-80 74151 1-10 74196 1-50 Mullard, S.T.C
7430 0-20 7473 0-40 7496 1-00 74154 2-00 74197 1-50 p 3 T80
7433 0-42 1474 .. 0-40 7497 . 8:25 74185 1-55 74198 1-60
7433 0-70 7475 .. .. 086 74100 2:50 74166 L. 18 74199 480
FROM 1ST APRIL ALL ORDERS SUBJECT TO V.A.T. AT APPLICABLE RATE. THIS MUST BE ADDED TO TOTAL ORDER PRICE INCLUDING POSTAGE.
Terms of Business: Mon. to Sat. Open to callers 9 a.m. to 5 p.m. Closed Sat. | p.m. to 3 p.m. Express postage 5p. for one valve; |p. each additional valve
Express postage: |p. for each transistor, over 10 post free. Ali orders over £5 post free. Valves tested and released to A.R.B. specification if required.

‘W.W.’ DIGITAL MULTIMETER

(D. E. O'N. Waddington, March 1973)
LIST OF PARTS NOW AVAILABLE

Please send a stamp
We will also include our illustrated lists of other
components

CAVERN ELECTRONICS
29 CLAREFIELD ROAD, LEICESTER LE3 6FB
Tel.: Leicester (0533) 857223
(Mail Order only)

WW-—093 FOR FURTHER DETAILS

call in
the trouble shooters!

Complete technical advisory service
available - and data on all
Electrolube contact treatments, fine
lubricants and maintenance
chemicals. Phone or write.

Electrolube Ltd. Slough, Bucks, England. Tel: Slough (STD 0753) 25574
WW-—094 FOR FURTHER DETAILS
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Audio Kits

This is our Bailey/Burrows Stereo pre-amp front end. We think it is
the best engineered kit of the best pre-amp circuit available, and
there is a back end/tone control unit of similar advanced design to
go with it which is only 13" deep so it fits almost anywhere, but of
course it's at its best in a Hart universal amplifier metalwork with
a couple of Hart Bailey 30 watt power amps to keep it company.
That's a recipe for real Hi-Fi with electronics you'll be too proud to
cover up.

Also a delight to the connoisseur are our
components for the Stuart tape circuits.

This is a most useful high quality circuit with the record, replay and
bias functions on separate boards thus giving considerable versatility
of use. For instance a stereo replay channel can be builtfor £6 for single
speed use without external components or a switch may be added
for multispeed operation.

printed circuits and

Please send 9 x 4°° SAE for full details:

Personal callers are always welcome,

ELECTRONICS

WE ARE SUPPLYING

Printed Circuit Boards, Components and
Kits for the

D. 0'N. WADDINGTON
DIGITAL MULTIMETER

This most interesting project fulfils the
long -felt want for a Digital Multimeter
with the added bonus of counter/timer
functions, all at a price which makes it
extremely attractive to the amateur,
educational or commercial user.

Penylan Mili, Oswestry, Salop.

but please note we are closed all day Saturday

VITAVOX

HIGH QUALITY

MICROPHONES LOUDSPEAKERS
PRESSURE UNITS H.F. HORNS
And a wide range of associated eqpt.

Further information from

VITAVOX LTD

Westmarejand” Road, Londdn NW9“9RJ
Telephone: 0_1 -204 4234
WW—095 FOR FURTHER DETAILS

GUNTON ELECTRONIC

" AN CARRIAGE,
IGNITION KIT £9.35 MW

7 INC. CARRIAGE
GUARANTEED 5 YEARS £ 1 1 N 55 &VAT.

* ALL HIGH QUALITY COMPONENTS
Capacitive discharge ignition is recognised as being the most efficient system and will
give you

Continual Peak Performance

Up to 20% reduced fuel consumption
Easier All-weather Starting

Increased Acceieration and Top Speed
Longer Spark Plug Life

increased Battery Life

Elimination of Contact Breaker Burn
Purer Exhaust Gas Emission

Patents Pending

12 voit only state pos. or neg. earth. Supplied with ilustrated assembiy and fitting
instructions, with details for fitting all types of tachometers. Can be built in an evening
and fitted in 15 minutes. Spare snap-on connectors for coil. etc. Call in for a demonstra
tion. S.AE. all enquiries please. Or Phone Walsall 33652 for details. (Many letters from
satished customers.)

ELECTRONICS DESIGN ASSOCIATES
82 BATH STREET, WALSALL WS1 3DE

WW—096 FOR FURTHER DETAILS

DEPT. WW4.

MARCON OA 1094A/S H.F. SPECTRUM ANALYSER
SIGNAL GENERATOR TF 801B/3/S. Range|Carrier range: 3 to 30 Mcjs. Sweep width:
12 Mc/s to 485 Mcfs, P up to 30 Kc/s. 60 dB amplitude differences
TF1221 HETEROD’YNE ‘UNIT. Fregugncy measurable. P.O.A.
range: 2 Kc/s-100 Mc/s in seven rang
TF1345/2 COUNTER FREQU cv METER usuporRm"sDo ?&WSO'SR;QP?IS
with plug-in unl(a up to 220 Mc / P.O.A, . 70 o TETER 100 OK, 20K, 25K
OA.1034A/3 H.F. SPECTRUM ANALYSER[Ohm. 700 eac of 2 60p each.
with trolley and L.F. enenas&onHunlt nipe PAINTON: 200, 500, 2Kohm. 60p each.
TM6448. Frequency range: 3-30 MHz.in nine o
bands. Selectivity: 6, 30, 150 Hz at 3 dB. Spec-|memy CC: (O-K- 450 each. Discount for
trum width: 0-3 kHz and 0-30 kHz in two ranges,
Sweep duration: 041, 0-3, 1, 3, 10 and 30 sec.;.BRAND NEW RELAYS BY “DIAMOND
and manual control H'". 4 P.D.T. relay. Coil-ohms 150, 265 V.
TF 144H SIGNAL GE}:‘ERQTSF Frequegn‘;y S5p each.
range: 10 kMz-72 z.  Stability: 0-002%.| THERMOCOUPLES.  Mineral  Insulated
2'::(‘ d'SC"m'"a"'l?;“ a[’“’s crystal clgllbrator M'«‘atnl ?heat?&ed, ﬁontmc:‘o:s:;osillive Nlc(k:el—

Chromium. Negative Nickel—, i -
lhermocouple level monitor. Pnce and spec. on|qyctor "‘?;Lacme'ger 011 inch n::l:a‘l‘mToI(:;:-
nc 4 94
SO1 REMSCOPE Storage Oscilioscope|ins®i Hoscs i g g, Hapetween 400°C.
wltdh Tlrace Shifter type TS1 (740/3). Full spec.{£2-25 post paid.
ce u

oS R e ANALYSER CT 446" WESTON® clear plastic meters 50-0-504A
£70 incl. carr. type 5.221,3.150 size 120 X120 mm. £2:50
CT435 OSCILLOSCOPE D.C. 6 Mcjs. £65:00. R0stage Included. T —
NEUTRON COUNTING ASSEMBLY Mktype $.2193 254, £1.95 p‘os.t paid. -

3NHA.
AMPLIFIER ASSEMBLY Mk. 112AA for
Monltorlng Equipment Type IN.C.A.

ALPHA COUNTER Mk. INH.
More Information and Pnce on reques
L.F. SOLARTRON DECADE OSCILLATOR
TYPE 0S103.2. Frequency range: 0-01 ¢.p.s.—
11-1 c.p.s. in steps of 0-01 c.p.s. with multiplier:
of 10, 100 and 1000 glving a maximum frequency|QUANTIZATION DISTORTION TESTER-
of 11.1 Kc/s. Frequency accuracy +1-5%. £90./Checks a.f, to a.f. distortion of p.c.m. systems.
PATCH BOARD B21-49-01431L2A. GW486543.(UtilIses system power supply, Output levet:
Variable In 1 dB steps, from —50 to +2 dBm,
AlsouvallableplugsfortheuboveInlhefollow- Accuracy: +0-2 dB at +2 dBm, 405 dB
Ing colours: red, blue, white and yellow. Splncrememal Quantization distortlon: 0 to
each. —40 dB in 05 dB steps.
L.F. RESOLVED COMPONENT INDICA-[True r.m.s.
TOR TYPE VP ZSJ-%. This Instrumentewlll balanced,
indlcate, by means of two centre-zero 6-in
scale meters, the resolved components of usn.mévcgm":g.“" 3 VALVE TESTER
signal voltage with respect to the applied hensive charac-
reference enerpisation. Frequency range:harictics to be
nominal range 05 ¢/s to 1 Kc/s. Accuracy of plotted, or meas-
indication: £3% of full scale on ail ranges £70.| /e vallves on a

TEKTRONI!r OSCILLOSCOPES

515A, 524AD, 543 545 5458.
Plug-in Units: CA, G, 1A1 10A1 'P.O.A.

Meter indication:
Input impedance: 6002 +10%

RACAL UNIVERSAL COUNTER/TIMER [|3/mPle good/bad
SAS50 (CT48D)

basis. £55 incl.

carr.

8 dlgit In-

line read-out. AVO CT 160
Facllities VALVE
Include: dlir- TESTER

rect frequency As above but in
measurement portable valise
up to 100MHz; form as illustra-
pulse, period, ted, Price £65
ratio, time incl. carr,
Interval _and AVO MULTIMETER MODEL 8X. £2450
totallsing incl. carr.

measure- “*‘Weston''  scaie
ments, Input sensitivity variable from 300MV GALVANOMETER by °

to 9V, three Independent Inputs, self-check °-1°° M.c. F.S.D. 200 A, round 2%in. £1:50
etc. Full spec. and price on request. post paid.

JOHN CRICHTON All Units callbrated lo specification. Carriage

extra for overseas orders.
Electronic Equipment

Inland V.A. T add 10%
558, Kingston Road, Raynes Park, London, $.W.20 Pleuase phone 01-540 9534

WW—097 FOR FURTHER DETAILS
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Your Complete )
Audio=-Electronic Stores

20+ 20 WATT INTEGRATED
BUILD TEXAN I.C. STEREO AMPLIFIER west © ATALOGUE

THE | (4 festated in " Practica) Wisiess | 110 AN ABSOLUTE MUST iN ELECTRONICS
% FREE TEAK CABINET pit.com

FEATURES, New slim design with 6 - IC's IC Sockets, 10 sillcon
transistors, 4 rectifiers, 2 zeners. Special Gardeners low field
slim line transformer. Fibre glass PC panet. Complete chassls work.
HIGH QUALITY & STABILITY ARE PREDOMINATE FEATURES
_DEVELOPED BY TEXAS ENGINEERS FOR PERFORMANCE,
RELIABILITY AND EASE OF CONSTRUCTION.

FACILITIES. Onjoft switch indicator, headphone socket,;
separate treble, bass, volume and balance controls, scratch
and rumble filters, mono/stereo switch, Input selector; Mag.
P.U. Radio Tuner, Aux. Can be altered for Mic, Tape, Tape- ¢
head, elc. (Parts list Ref. 20 on request). Constructional
details {ref no 21} 30p.

e

LATEST EDITION ! Fully detailed and illus-
trated covering every aspect of Electrics—
plus data, circuits and
information. 10,000 Stock
fines at Special Low Prices
and Fully Gua ‘&eedp.

ost

PRICE 55p Paid
(40p FOR CALLERS)
Us !

FIVE 10p
VOUCHERS

—— P. & P. 45p. For use with purchases
SPECIAL COMPLETE WITH FREE Send to this address—HENRY'S RADIO LTD.
KIT g, TEAK CABINET % SLIW (Dept WW) 3 ALBEMARLE WAY, LONDON,
Designer approved kit distributed DESIGN WITH E.C.1.—for catalogue by post only. A | other mail to
PRICE by Henry's Radio Lid. SILVER TRIM 303" and callers to ‘404" see below

Overa!l chassis
size 145" x 6" x
VAT ALL PRICES ARE SUBJECT TO V.A.T. INCLUDING CARRIAGE AND 2" high

PACKING AND SHOULD BE ROUNDED TO THE NEAREST PENNY. = —_ — —_—
- I

!

PR Why buy alterna-

tives when you

BUILD A VHF/FM TUNER SINCLAIR PROJECT 60

’ can buy he genuine article from us at competitive prices from stock ?
BUILD THIS VHF FM MODULES—SAVE fff's
s TRAJSlI,SNTEORRs 300 ke/ BRANDED FROM TEXAS 1L.T.T. FAIRCHILD
1 cls Type 1/11 12/24 25/99 | Type 111 12/24 2599 | Type /1) 12/24 25/99
BANDWIDTH, PRINTE 3
GIRCUIT, HIGH FIDELITY 8N7400 20p 18p 16p | 8N7451 20p 18p 16p

8N7401 20p 18p 16p | YN7453 20p 18p 18p | SN74150 £3-35 £2:95 £2-15
iﬁ‘P[;*ODggETIoN. MONO SNT402 20p 18p 18p | SN7454 20p 18p 16p | BN74151 £1-10  95p 90p
A ST‘ o 750  £431 PZ5  £397 co77 § SN7403  20p 18p 16p|SN7460  20p 18p 18p | BN74163 £1-35 £1:27 £1:20
: popular VHF FM Tuner Transtormer for PZ8 ..o £2-95 SN7404 20p 18p 16p | 8N7470 30p 27p 25p | SN74i54 £2:00 £175 £1-55
or quality and reception of B Active Filter Unit. : SN7405  20p 18p 16p | SN7472  30p 27p 25p | BN74165 £1-35 £1-47 £1:35

- mono and stereo. There is Stereo FM Tuner 1 SN7406 30p 27p 25p | SNT4TH 40p 37p 35p | SN74156 £1-55 £147 £1-35
no doubt about it—VHF FM gives the REAL sound. 1c12... ... ...£180 Qiespr. ... .. £15 SN7407 30p 27p 25p | BNT474 40p 37p 35p | 8N74157 £1-30 £170 £1-50
All parts sold separately. Free Leaflet No. 3 & 7. Post etc..20p per item. 8N7408 20p 19p 18p | SN7475 55p 52p 50p | SN74160 £2-60 £2-40 £2-25
TOTAL £6-97 p.p 20p. Mk I Decoder Kit £5:97. Built BN7409 45p 42p 35p | SNT4T6 45p 42p 39D | 8N74161 £2:60 £2-40 £2-25
IC Decoder £6°50 . PACKAGE DEALS Post 25p SN7410 20p 18p 18p | ¥N7480 80p 75p 67p | SN74182 £3:40 £3-25 2270

M Tuning meter unit £1-75, 2xZ30, Stereo 60, PZ5 £15-95 B SNT411 23p 22p 20p | SN7481  £1-25 £115 £1°10 | SN74163 £3-40 £3-25 £270

TOTAL Mains  unit (optional) 2xZ 30, Stereo 60 PZ6 £18-00 BN7412 42p 40p 35p | ANT482 87p 80p 70p | SN7T4164 £2:75 £2-30 £2:10
Mains unit for Tuner and 2xZ50,Stereo 60, Pz8 £2025 § BNT4I3 30p ©27p 25p | SN7483 £1.00 80p 85D | SN74166 £4-00 23-50 £3-00

Decoder PS6/12 £3-25. Transformer for PZ8 £2:95 [§ 9N7416 30p 27p 25p | BN7484 90p 86p 80P | SN74166 £4-00 £3-50 £3-00

Post 20p. PROJECT 605 KIT £1995 | 8N7417 30p 27p 25p | SN7486 45p 4lp 38D | SN74167 £6-25 £5-60 £5-10

8N7420 20p 18p 18p | BN7490 75p 70p  65P | 8N74170 £4-10 £3-55 £3-05
A BNT7422 48p 44p 40p | BNT491AN £_}500 95p 90p | 8N74174 £2:00 £1-75 £1-30
P

S 0 QQ 8N7423 48p 44p 40p | BNT492 70p 85p | 3N74175 £1-35 £1-27 2116
Q“ 4 Q 8N7425 48p 40p 35p | SN7493 75p 70p 685p | NN74176 £1-60 £1-35 £1-20
r S FQRYQQ 8N7427 42p 39p 35p | SN7494 80p 75p 70p|=N74l77 £1-60 £1-35 £1-20
UK's Largest Range-Write, phone or call in. Details and demonstrations on request. 8N7428 50p 45p  42p | BNT400 80p 75p 70p | #NTi180 £155 £1-30 £1:20

) A SN7430  20p 18p 16D [ 8N7T496  £1:00  97p  95p | BN74lsl £7-00 £6-00 £550
DJ30L 3 Channel sound to light unit, 3kw.  £2950 | Fj ics Lighti R R NT44 3 N . ; 00 ] 8 ; ) q q
DL S G e (Builtein) to ight. 3kw. £38.75 Fibre Optics Lighting. Mics. Effects. Projectors. | 8N7asz  42p 3%  35p | 4N7497 = £8 95 £550 £5:00 | 8N74152 £2-00 £1-80 £160

) ! ; ; 8N7131  70p 6ip 44p | 8N7i100 £250 £2-30 £2-00 | 8N74184 £2-40 £2-00 £1-80
gle'lg%TMwPa?wD.:’:a :mzlm?e;r :32;: Spots. Dimmers — Stands. Mixers. Speakers. 8N7437  85p 80p 60D | 8N74104 £145 £1-35 :1-20 SN74185A £2-40 £2-00 £1'80
D J105S 30 watt Disco amp./mixer £32128! | IEverythinojfonBASDI=co—Lighting: ENTide %y S0 NI SNTAI0T Tsep by - 40p | SNTalor $10 2155 £175
DJ700 70 want . £5275 | FREE Stock List Ref. No. 18. SN7141AN 75p 72p 70D | 8N741lo  80p 70p 60p | SNT41v2 £2.00 £1.90 £1-80
Anti-Feedback. Quality Mic. £11-50 @ PORTABLE DISCOS—DETAILS ON REQUEST. 8N7442 75p 72p 70p | 8N74118 £1-00 95p 90p | BN74103 £2:00 £1-90 £1-80
D J500 50 watt PA Amplifier £4395 SN7443 £1.00 95p 90p [ BN74119 £1-90 £1-78 £1-65 | SN74104 £2-50 £2-25 £1-90
DJ300 150 watt rms "' Group® Valve Amplifier £86-00 | @ CREDIT TERMS FOR CALLERS. SN7445 £2-00 £175 £160 | SN74121 60p 55p 50p | 8N74195 £1-85 £1.70 £1.80

SN7i40  £200 £1-75 £1-80 | SN74122 £135 2125 £110 [ SN74196 £1:50 £1-40 £1-30
6§ AMP RANGE (TO48) 15 AMP RANGE (TO48) e 8N7147 $£175 £1-60 £145 | SN74123 £2-70 £2:55 £247 | BN74197 £1-50 £140 £1-30
SC4a0A 100 85p SC50A 100 £1-25 SILIEDN 8N7418  §1.75 £180 £1445 | SN74141 £1-00 95p 90p | SN741U8 £4-60 £3-70 £3-35
SC40B 200 90p SC50B 200 S B BECTIEIERS SN7400  20p  18p  16p | BN74145 £1:50 £1-40 £130 | NN74199 £4.60 £3-70 £3-35
STUD WITH SC40D 400 £100 SC50D 400 £165 : PRICES OF 7400 SERIES ARE CALCULATED ON THE 1C SOCKETS
ACCESSORIES SC40E 500 £120 SCS0E 500 £1-85 TOTAL NUMBER ORDERED REGARDLESS OF MIX. 16 lead 17p
Type Volts  Price DIAC D32 25p WIRE ENDED LARGER QUANTITY PRICES PHONE 01-102 4891 14 lead 15D
P..V. 3-11 10 AMP RANGE (TO48) TRIACS— PLASTIC 8 lead 150
3 AMP RANGE SC45A 100 95p  Additlonat Types Type P.LV. 1-11
ggggé 1288 ]’:p ggosg 200 f.:-oo 40430 (;lost'i) ) £1l§og 1 amp minlature 7 SEG & NIXIE TUBES
» 45| 400 £125 40669 (Plastic) £1- Post 15p per 1 to 6)
SCID 400 55 SCiE  s0  £14s 4oase (103  mop JIN00L 0D 0P LR R y XN3, XNI3, GNG 09 Side view
= IN4003 200 8 B SEosoB  Pocket Pencil Si i : SR, G —
gnal Injector £1-30 GNP-7, GNP-8 0-9 side view
nEc-[":lEns NEW BRIDGE RECTIFIERS INGoo]) Pl00s 189 SEs0o  Pocket Pencll Signal Tracer £1:50 with decimal points and data,
A Ll 3 SMALL SIZE AND LOW COST INdoo6 500 12p THUSID NAobusTRZRINoH) : 3075F 7 seq. £2 each, £7 per 4
N40D7 1000 15 ; . ,
Type Voits Price B1/20 200  30p 'r._\.NOLAngPs g:ﬁ% 388 ggn g™ 1 4 TE15 g'v:l'd‘lep Meter 440 KHz-280 mHz ;”'z'm da;:.h lock )
PV, 1-11 B1j60 600 3I5p FHXLX S p ) iniati A . and our clock circuits.
HALF AMP ! Bojos b0 35p  B4j600 600 _I5B 1P5 e ao B s 30 KiV Multimeter £9.25 Ref. No. 31 158,
BOS/05 50  20p B2/100 100 40p B4/800 800 £1:00 Pt:gg; - bl . ;V'Weﬁ‘"ﬁ»' case i‘?zgo ST RAS0]
oo 0 i oweawe eu g B 4 aiwogwefRis Mo i il S T
TUBULA p  iHXLX+ AL
ONE AMP ixiH W05 50 30p B2/10001000  60p Bojio 100 70 f§ PL4ODS 400 10p § AFios 0KV Multimeter £8-50. Operate at 40kc/s up to 100
UBULAR W01 100 35p FOUR AMPS B6/200 200  75p J| PL4005 600 92p With case £9'50 _ yds. Ideal remote switching
T 14 PL400s 800 15 U4l ACIDC M th transist i X
Bijos 50 25p Wo2 200 b GHLXELXE B sy £v0p § PLeo07 1000 1ep AIDC, et i Bao'sg e L o ALt it
. . a a new L.C. u |
B1/10_ 100 25p W06 6 2 / D — | — TE20D 5‘:. ’.e‘gerator 120KHz-500MHz £1595 PRICE PER PAIR £5.99. Post
Carr. 35p 10p.
Audi 20Hz- £1750 A
"RECTIFIERS NN LU Ry § dysae | Il s ST
Type  Volts Price THREE AMP (TO48) SEVEN AMP (TO48) 125 3L Ruise] ScopeatOhiz:A0mHs £39,00 somm s(z:‘:"g,"';es and
P.Lv. 1-11 CRS 3/05 50 30p g:g #;88 12% :gp (O/P AMPS) TE6S Valve Vollmeter 28 ranges £17:50 ganged. Complete with knobs.
CRS 310 100 30p GRS I % Top Carr. 40p 5kQ2, 10MS2,  25kE2,  100KE2
ONE AMP CRS 3/20 200 35p GRS 7/600 600 ,s" 702C TO5 T5p ALL NOMBREX MODELS IN STOCK 2502, 500k€2. 1 meg. Log and
CRS1/05 50  25p CRS 340 400  45p SRTEeN Anp P B 709CTO%  33p § = e — Lin, 40p each, 10kS2, 25kQ2
MW LW . g
CRS1/10 100 30p CRS 360 600  SSp SCR16N00 100 esp f 709G DLL. 350 o A NDSPREADS NS 50kK2, 100k £2, 250kS2, Log and
CRS 4/20 200  30p SCR 16/200 200  T0p ?lggg goﬁ? 5‘95"3 R TABIE ML3 — Superhet Lin ganged. 60p each.
CRS 1/40 400  35p FIVE_ AMP (TO66) SCR16/00 400 sop { T23€ Qe £00 A o e MWILW  radio MARRIOT TAPE HEADS
CRS 1/60 600 45p CRS 5/400 400 60p SCR16/600 600 £1-00 B 741€ T 00 s5p h:( h#;giio usi’kg Mln?:r’é ;mw t%_ bluild 4 TRACK MONO
74C DAL 55p B RENF Module, 600mwW uning, _or 2 TRACK STEREO
sL4030p PLESSEY | FREE STOCKLIST |rocios s | op'rogoss by | g™ "o} ngienmosine. £
3 WATT R.M.S. ILC. Ref. No. 36 Revised Regularly 72741P D.I.L. 60p ;2'; p(;:l'tef.’;:p ;": )P' ALL PARTS 136" Med.-Low Imp. £350
Complete with 8 page Data TRANSISTORS, IC's 72748P D.LL. 60P : i : £485. P. & P. Erase Heads for above  75p
Booklet and _Circuits £1°50. DIODES. TRIACS. ~ 15p. “§3'" 2 track mono—High
(P.C. Board Stereo 60p; Heat EERfl‘l%ggs.LDRSSCR'S MINIATURE ‘IampeEdance Head T f.bl-'ls
Sink 14p). ) 5 = ‘43" Erase Head for above
Also Sinclair 1C12  £1-80. This advert. contains AMPLIFIER ZENE DloDES 5p.
just a small selection § transistor. Y . 8
TH9013P—20 watt Power Amp of the thousands of 300mw ofp. Fitted 2
Module £4°57. devices kept in stock O ol T een: B 400 M/w 5| Min- 25+ 9p; 100+ 8p; Al voitages. 6.8- 2 Wall S Plastic.
TH9014P-IC Preamp £1-50. Send for Stock List sitivity control, 9 iature. BZY 88 500+ 65p. Any 100 Voits. 20p ea. 2EZ Range, 6.8-33
Data/Circuits for above Today ! Quantity volt operated. Range. All vol- one type. . 25+ 18p: 100+ Volts. 25p each.
No. 42 10p. prices Phone: £1-75 each P[P tages 3.3-33 Volt. 1} Watt 5/ Wire 16p; 500+ 12p. 3 Watt_ Plastic.
ZN414 RADIOIC £1:20. 01-402 4891, 15p. 10p each. Ends, Metal Case, Any one type. Wire Ends 5/

All stores within 200 yards - call inand see for yourself

T A e T3
RADIO 404.406 Electronic Componentsand Equipment 01-:402 8381
.354-356 High Fidelity and Tape Equipment 01-402 5854

5
“enr’ E.IM'TED 309 PA-Disco-Lighting h Power Sound 01-723 6963

303.Specialoffers and bargains store Open:- 9am-6 pm
EDGWARE ROAD, W2 Al moil 1o 303 Edgware Road, London W2 18W 6daysaweek

G
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TELEPRINTER EQUIPMENT LIMITED

Sales . . . Rentals . . . New . . . Refurhished . . . Installation . . .
Maintenance . . . Overhauls . . . Spare Parts . . . Prompt Deliveries

TELEPRINTERS Models 7B, 54, 75, 444
PERFORATORS 7PN, 85/86, PR75, 25

CREED EQUIPMENT TAPE READERS 654, 6S5, 6S6, 6S6M, 92, 35, 71, 72, 74
HIGH-SPEED TAPE WINDERS 80-0-80V POWER SUPPLY UNITS, etc.

TELEPRINTERS 15, 19, 20, 28, 32, 33, 35

TELETYPE CORP. all configurations
EQUIPMENT PERFORATORS 14, 19, 28 LPR, RECEIVE & MONITOR GROUP CABINETS
TAPE TRANSMITTERS 14, 20, 28 LBXD & LXD TRANSMIT GROUPS, etc.
SIEMENS TELEPRINTERS T100 and T-68 in various configurations
EQUIPMENT PERFORATORS T-LOCH 12, T-LOCH 15, A, B, D & F, etc.
OTHER KLEINSCHMIDT, OLIVETTI, LORENZ, COCQUELET, BRITISH, AMERICAN,
EQUIPMENT CONTINENTAL, ARABIC and other layouts, 5-8 track.
SOLID STATE MOTOR CONTROLS, MODEM INTERFACE UNITS, TARRIFF J
SPECIAL INTERFACE UNITS, TEST EQUIPMENT, COMPUTER INTERFACE UNITS, DEC.
EQUIPMENT PDP8 and others. SILENCE COVERS AND CABINETS, TELEPRINTER TABLES,

SIGNALLING RECTIFIERS AND CONVERTORS, TAPE HOLDERS.
WW-—098 FOR FURTHER DETAILS

COMMUNICATION AGCESSORIES & EQUIPMENT

LIMITED
G.P.O. TYPE COMPONENTS FOR PROMPT DELIVERY

JACK PLUGS—201, 310, 316, 309, 404, 420, 609, 610, 1603 — 3201

JACK STRIPS—310, 320, 510, 520, 810

JACK SOCKETS—300, 500, 800, B3 and B6 mountings, 19, 84A and 95A

PATCH PANELS & RACKS—made to specifications

LAMPS, SWITCHBOARD NO. 2, BALLAST PO 11, LAMP STRIPS, 10-way PO 19, 20-way PO 17, Lamp Caps,
Holder No. 12

CORDS (PATCHING & SWITCHBOARD)—made to specifications

TERMINAL BLOCKS (DISTRIBUTION)—20-way up to 250-way

LOW PASS FILTERS—type 4B and PANELS, TELEGRAPH 71 (15 x 4B)

POLARISED TELEGRAPH RELAYS AND UNISELECTORS—various types and manufactures both P.O. and
miniature

LINE TRANSFORMERS/RETARDATION COILS—type 48A, 48H, 49H, 149H, 3/16, 3/216, 3/48A, 3/43A. 48J, etc.
FUSE & PROTECTOR MOUNTINGS-—8064 A/B 4028, H15B, H40 and individual 1/2

COILS—39A, 40A, 40E, etc.

P.O.-TYPE KEYS—1000 and PLUNGER TYPES 228, 279, etc.

EQUIPMENT RACKS AND CONSOLES—made to specifications

RELAY ADJUSTING TOOLS, TOOL BAGS FOR MECHANICS, TENSION GAUGES, ARMATURE ADJUSTERS,

SPRING BENDERS ETC. VARIOUS SWITCHBOARD EQUIPMENT.
WW—099 FOR FURTHER DETAILS

MORSE EQUIPMENT LIMITED

The GNT Range of Automatic Morse Equipment is now manufactured in the U.K. and comprises complete equipment
for Morse Training Schools and for Automatic Morse Transmission. Models available include:

KEYBOARD PERFORATORS for offline tape preparation

AUTOMATIC TAPE TRANSMITTERS with speeds up to 250 w.p.m.
MORSEINKERS specially designed for training, producing dots and dashes on tape
HEAVY DUTY MORSE KEYS

UNDULATORS for automatic record and W/T signals up to 300 w.p.m.

CODE CONVERTERS converting from 5-unit tape to Morse and vice versa
MORSE REPERFORATORS operating up to 200 w.p.m.

TONE GENERATORS and all Students’ requirements

CREED, MORSE EQUIPMENT, PERFORATORS, REPERFORATORS, TRANS-
MITTERS, PRINTERS, MARCONI UG6 UNDULATORS, BUZZERS, ALDIS

LAMPS, etc.
WW—100 FOR FURTHER DETAILS

77 AKEMAN STREET, TRING, HERTS., U.K.

Telephone: Tring 3476/8, STD: 0442-82 Telex 82362, Answerback: Batelcom Tring

www._americanradiohistorv. com
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OINSons

(ELECTRONICS) LTD.

9 & 10 CHAPEL ST., LONDON, N.W.I
01-723-7851

01-262-5125

PLEASE NOTE 103 VAT MUST BE
ADDED TO ALL PRICES. NO VAT
ON CARRIAGE CHARGES.

SOLENOIDS

MAGNET DEVICES. A.C. 240v. Rating 50% 1in. puli. Overall
size 24 X 1} X 1}in. 85p. P.P. 15p. Plessey A.C. 240v., rallngvso%.
1% pull. Overali size 3 X 2 X 2in. 85p. P.P. 15p. Bordon Miniature

type § pull, 12v. D.C .Size 1in. dla. len. 11in. 45p. P.P. 5p.

HIGH CAPACITY ELECTROLYTICS

10,000mfd. 70v. D.C. wkg. 75p. 10,000mfd §0v. D.C. wkg. 60p
25.000mfd, 25v. D.C. wkg., 20,000mfd 30v. D.C. wkg., 10,000mfd
25v. D.C. wkg., 9,000mtd 40v. D.C. wkg., 3,000mfd 3,000v. D.C. wkg.

50p. P.P. all capacitors 20p.

STEP DOWN 240/110v. AUTO TRANSFORMERS FOR
AMERICAN EQUIPMENT. Fitted with 2 or 3 pin American
sockets. Ail sizes from 80 to 2jkva. available. Send s.a.e.
for list. American sockets, plugs, adaptors also available.

ADVANCE CONSTANT VOLTAGE
RANSFORMERS
Type MT.W140. Input 190-260v. 50 cycles, output 230v. 150
walts. £6-95. carr. 55p.

ISOLATION TRANSFORMERS
PARMEKO. Pri. 100-110-200-220-230-240-250v. Sec. 1t5v.
13:5 amps. Conservatively rated. Fully shrouded table top
connections. Size 13 X 10 X 8} ins. £32'50. carr. £2:00. Pri.
200-210-220-230-240-250v. Sec. 90-100-110-120v., 7:5 amps.
Conservatively rated. Tabie top connections. Size 9 X 8 %
8 ins. £22:50. carr. £1-50.

WODEN. Unshrouded open frame type. Pri. 240v. Sec. 115v.
CT. 750 watts. £8:50. carr. £1-00.

DRAKE. Prl. 200-220-240v. Sec. 110v., 50 watts. £1'50. P.P.
25p

G.P.O. 20-WAY JACK STRIPS
Type 320 BN. Ex-equipment. Perfect
condition. 75p. P.P. t0p.

S.T.C. SELENIUM FW BRIDGE RECTIFIERS
Max. A.C. input 36v. D.C. output 24v., 5a. £1-50. P.P. 25p.

DIAMOND H RELAYS

Type BR 115 BIT-9C 4 CO Contacts, 150 chms, 26v., 250v. 15a.

Enclosed in metal case. Size 13 X 1in. dia. 75p incl. post.

H.T. TRANSFORMERS BY
FAMOUS MANUFACTURERS
PARMEKO. All primaries 220-240v.
Type 1. Sec. 630-0-620v. 105m/fa 5v. 4A.
5v. 2A. Potted type £3-00. Carr. 50p. Type 2.
Sec. 1.875v. 60m/a. 4-2kv. wkg. and 500v.
31m/fa. Potted type £3:50. Carr. 50p.
Type 3. Sec. 310-0-310v. 35mfa and 200-0-
200v. 20mfa. 6-3v. 1A. 6:3v. 1A, Potled
ype £2-75. P.P. 50p. Type 4. Sec. tappedt
760-700v. 50m/fa. 6-3v. 1-5a. £1-75. P.P. 0p3

WODEN. All primaries 220-240v. Type 1.
Sec. 890-710-0-710-890v.  120mja.  un-
shrouded table top connections, tropi-
calised £2-50. P.P. 50p. Type 2. Sec. 190v,
60m/a. 6:3v. 3a. £1:25, P.P 25p. Type 3.
Sec. tapped 150-165v. 4 amps unshrouded
table top connections £3-75. P.P. 75p.
Type 4. Sec. 130v. 450mfa. three times.
“C" core, table top connections £3-50.
P.P. 50p. Type 5. 63v. 1-6a. and 24v. 0-8a.
and 6-3v. 1a. unshrouded table top con-
nections £2-50. Carr. 50p.

GARDNERS. All primaries 220-240v.
Type 1. 350-0-350v. 60mfa. 6:3v. 4a. 5v.
2:5a, shrouded £1-50. P.P. 30p. Type 2.
300-0-300v. 60m/a. 6-3v. 4a. ‘'C'' core.
£1'50. P.P. 30p. Type 3. 450-400-350-0-
350-400-450v. 50mfa. “C' core £1:25.
P.P. 25p. Type 4. 250-0-250v. 100m/a, 6:3v.
3a. 6:3v. 3a. 5v. 3a.. Potted type £250.
P.P. 50p. Type 5. 350v. 44mfa. 20v. 10m/a.
6:3v. 3a. ''C'' core £1-50. P.P. 30p.

L.T. TRANSFORMERS

WODEN Pri. 220-230-240-250v. Sec. 25v.
2a. Twice, 16v. 4a. twice. 26v. 4a., 31v.
7a. Ail separate windings. Conservatively
rated. Open frame type table top connec-
tions. Size 63 X 6 X 6in. £8-50, carr. 50p.
AMOS 'C’ core type. Pri. 200-220-240v.
Sec. 18-0-18v. 5a., and 18-0-18v. 3a. Con-
servatively rated table top connections.
£3'50 P.P. 50p.
REDCLIFFE 'C’ core types. Pri. 220-240v.
Sec. 11v. 9a. £2:50 P.P. 35p. Pri. 220-240v.
Sec. 36v. 350 mfa. 75p P.P. 25p. Pri. 220-
240v. Sec. tapped 370-390-400v. 6 mfa. 50p
P.P. 20p.

G.E.C. L.T. TRANSFORMERS

Al primaries. 220-240v. Type 1. Tapped
63-68-74v. 3a. and 6v. 4a., terminal biock
connections, unshrouded £2:50. P.P. 50p.
Type 2. Tapped 59-61-65-67-69v. 10a. T.
block connections, unshrouded, tropi-
calised £5-50. Carr. 75p. Type 3. Tapped
56-58-60v. 3a. T. block connections, un-
shrouded, tropicalised £2:75. P.P. 50p.
Type 4. 100-0-100v. 65m/a. and 61-64-67v.
150m/a. and 6v. 1a. Type 5. Tapped 37-40-
43v. 5a. and 105v. 300 mja. Twice "'C’* core
enclosed type £6:50. Carr. 75p. Type 6.
39v. 8-6a. and 38v. 2:6a. "'C' core en-
closed type £850. Type 7. 27v. 9a, and
9v. 9a. and 3v. 9a. £4:00. P.P. 50p. Type 8.
Tapped 30-57-115v. 0-5v. 0-5a. "'C" core
P.P. 35p. -00.

AMOS ‘'C' CORE TRANSFORMERS
Pri. 220-240v. Sec. 53-6v.-55v. 6a. £3'50.
P.P. 50p. Pri. 240v. Sec. 17-5v. 6a. £2:00.
P.P. 35p.

L.T. SMOOTHING CHDKES
GRESHAM ‘C' core swinging types.
75 m/h. 6a-75 m/n 0-5a. £2-50 carr. 50p.
10 m/h. 4a-100 m/n 0-5a. £3:00 carr. 50p.
G.E.C. 150 m/h. 3a. unshrouded fully
tropicalised £2:75 P.P. 35p.
REDCLIFFE. Oil-filled types 100 m/h. 2a.
£2:50 P.P. 45p. 130 m/h.1-5a. £1-50 P.P. 25p.
Mains filter chokes 10 m/h. 2a. 50p. P.P.
20p. All above chokes -1 ohm res.
G.P.O. RELAYS 3000 TYPE 100Q2
1-25 amp. Make contact. 60p. P.P.
10p. 752 3 M. 1 B. 1 CO. Normal
contacts. 40p. P.P. 10p.

H.T. TRANSFORMERS
PARMEKO. Pri. 240v. Sec. 250-0-
250v. 50 mfa. 6:3v. 1a. £1-25. P.P. 35p..
slze 4 X 3 X 23 ins.
GARDNERS. 'C' core. Pri. 240v.
Sec. 300-0-300v. 66 mfe. 6-3v. 4a.
£1-50. P.P. 35p.. size
A.C.l. Pri. 240v. Sec. 250v. 60 m/a.
15v. 1-2a. 6-3v. 4-5a. £1-25. P.P. 35p.,
open type table top connections.
Size 4 X 31 X 3ins.

;I(;.C.C. A.C. WKG. CAPACITORS

M A.C. wkg. Price Carr.
150 230 2:00 50p
50 220 £1:50 35p
30 250 £1°25 35p
25 440 £1-25 35p
25 275 £1:00 35p
15 400 £1:00 25p
15 300 £1-00 25p
TUBULAR TYPE

20 275 75p 20p
t5 250 60p 20p
10 250 50p 10p
8 400 65p 15p

6 440 50p 10p
22 250 35p 10p
T.C.C. VISCONOL RAPID DIS-

CHARGE CAPACITORS. 500v. Inter-
mittent Rating. 50 P.R.F. 75p. P.P. 25p.
S.A.F.C.O. 18mid. 300v. A.C. wkg. Toi.
3%. Capacitors £1-00. P.P. 20p. A.E.l.
12mfd. 250v. A.C. wkg. 50p. P.P. 10p.
AMERICAN OIL-FILLED
BLOCK CAPACITORS
8+48+44mfd. 650v. wkg. D.C. £1-00. P.P.
25p. 44444424 1mfd. 600v. wkg. D.C.
£1:00. P.P. 25p. 8mid. 1000v. wkg. 75p.
P.P. 25p. 6mid. 1000v. D.C. wkg. 60p.
P.P. 20p. 6mfd. 600v. D.C. wkg. 50p. P.P.
15p. 4mfd. 350v. D.C. wkg. 30p. P.P. 10p.
1-35mfd. 1500v. D.C. wkg. 35p. P.P. 15p.
T.C.C.-DUBILIER OIL-FILLED
BLOCK CAPACITORS
4mifd. 4-5kv. D.C. wkg. £300 carr. 75p.
0-5mid. 10kv. D.C. wka. £2:50. P.P. 50p.
4mid. 1250v. D.C. wkg. 50p. P.P. 20p.
4mfd. 2kv. wkg. 75p. P.P. 20p. 1mfd. Skv.
D.C. wkg. £1-00. P.P. 25p. 8mid. 200v.
D.C. wkg. Three for 75p. P.P. 25p. 8mid.
750v. D.C. wkg. 50p. P.P. 20p. 6mfd. 750v.
D.C. wkg. 40p. P.P. 20p. 4mid. 500v. D.C.
wkg. 30p. P.P. 10p. 1mid. 2500v. D.C. wkg.
40p. P.P. t0p. 0:5mid. 500v. D.C. wkg.
Six for 50p. P.P. 25p.
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SPECIAL OFFER OF MULTI TAPPED
L.T. TRANSFORMERS VERY
CONSERVATIVELY RATED

Gresham Pri. 200-220-240v. Sec. 29-5v.
2'6a. twice. 20v. 5a. twice. 15v. 0-1a. four
times. 'C' Core. Table top connections
£6°50. carr. 75p.

Prl. 200-220-240v. Sec. 16:3v. 1a. twlce.
10v. la. twice. 22:5-25-28-8v. 5a., 26-5v.
2-5a., 23-9v. 1a., 63v. 2a., 145-0-145v.
200 mfa ‘C* Core. Table top connections
£4:50, carr. 50p.

Pri. 200-220-240v. Sec. 20-21-22-23-24-25v.
6a., 20-21-22-23-24-25v. 3-5a., 18-19-20-21-
22-23v. 2a., 11-12-13-14-15-16v. 0-5a. twice
100-0-100v. 150 mfa 'C' Core. T. top con-
nections. £6:50 carr. 75p.
Pri. 200-220-240v. Sec. tapped 63-68-74v.
3a. and 6v. 4a. Open frame terminal block
connections £2-50 P.P. 50p.
roré 200-22[0-240v. Sec. 37-40-43v. 5a.,
v. 300 m/a. twice. Oii-filled potted type.
£6-00 carr. 75p. P ke
Pri. 200-220-240v. Sec. 39v. 8-6a., 38v.
2-6a. Oll-filled potted type. £8-50. carr. 75p.
Pri. 200-220-240v. Sec. tapped 30-575-
115v. 0:5a. 'C’' Core T. top connections.
£2-00 P.P. 25p.
LTP Pri. 200-220-240v. Sec. 6-3v. Ba.
three _times. 6-3v. 3a. twice, open frame
type T. top connections £3-75 carr. 75p.
Woden Pri. 220-240v. Sec. 10v. 2a. fully
shrouded £1-50 P.P. 25p.
Pri. 220-240v. Sec. tapped 6-12v. 2a. fully
shrouded. £1-75 P.P. 25p.
Pri. 200-220-240v. Sec. tapped 3-10-13v. 7a.
Open frame. T. top connections £2:00
35p.
Pri. 220-240v. Sec. 24'5-0-24-5v. 0:75a.
‘C’ Core. T. top connections £1-50 PP 25p.
Pri. 200-220-240v. Sec. 11-0-11v. 176mja.
'C' core, T. top connections 75p. P.P. 25p.
PARMEKO HT TRANSFORMERS
NEPTUNE OIL-FILLED TYPE. Pri.
230v. Sec. 350-0-0350v. 200 m/a, 6-4v. 6a,
gg 3a. Size 5% X 4} X d.ins. £275. P.P.
p.

RICH AND BUNDY TRANSFORMERS
Pri. 220-380-415-440v. Sec. 250v. 50 watts
conservativeiy rated. Open frame type.
g’oermlnal block connections. £2'50 carr.
p.

REDCLIFFE LT TRANSFORMERS.
‘C' Core. Pri. 220-240v. Sec. 24v. 3a. Table
top connections. £2-00. P.P. 40p. Pri.
220-240v. Sec. 11v. 9a. 'C’ Core. Table top
connections. £2:50. P.P. 40p. Drake. Pri.
220-240v. Sec. 14v. €a.

H.T. SMOOTHING CHOKES
PARMEKO. Potted Type. 10h. 180 mfa.
£1:50 P.P. 25p. 15h. 300 m/a. £2'50 P.P. S0p.
10h. 120 mfa. 60p. P.P. 20p. 15h. 75 mya.,
10h. 75 mfa.. 50h. 25 mja., 50p. P.P. 20p.
Swinging Type. 34h. 60 mfa./70h. 35 m/a.
2-8KV. D.C. wkg. 85p. P.P. 35p.

P.11 SERIES

P.55 SERIES

T.41 SERIES

25 mm. X 12 mm.x20 mm.
Double-tuned 1st and 2nd I.F.s and Single-tuned 3rd I.F. complete with
diode and by-pass capacitor.

WEYRAD

10 mm.Xx 10 mm. X 14 mm. Ferrite cores 3 mm.
Single-tuned I.F.s and Oscillat