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Significant Form

The design engineers at mi all have to shape deep knew what he was talking about.
up to one essential fact: we consider good design to The clean, compact, uncluttered lines of today's
be all-important. mi instruments signify more than good styling.

By good design we don't just mean an They are the outcome of the most intensive
attractive outward form, however aesthetically application to the balance of form and function, of
pleasing it may be. We mean design that is right the eradication of any design that has failed to
both outside andin. No cover-up jobs. No cosmetic match our exacting standards.
operations. No makeshift solutions. Because In other words, they signify mi's conviction that
whoever pointed out that beauty is more than skin correct designing means correct functioning.

®
M : THE STYLISTS

MARCONI INSTRUMENTS LIMITED

Longacres, St. Albans, Hertfordshire, England, AL4 0JN - Telephone: $t. Albans 59292. Telex: 23350.

A GEC -Marconi Electronics company.

www americanradiohistorv com
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ANALOGUE

FREQUENCY 3Hz to 300kHz in 5 decade ranges
] I T — ACCURACY +2% +0.1Hz up to 100kHz,
increasing to 4+3% at 300kHz.
SINEOQUTPUT 2.5Vr.m.s.downto <200pV.
DISTORTION <0.2% from 50Hz to 50kHz.

SQUAREOUTPUT 2.5V peak down to < 200pV.
SYNC.OUTPUT 2.5Vr.m.s.sine.

METER SCALES 0/2.5V&-10/4+10dB on TG152DM.
SIZE & WEIGHT 7” high x 103" wide x 53" deep. 8 Ibs.

TG152D TG152DM
meer £48 moer. £58

FREQUENCY

1Hz to 1MHz in 12 semi-decade
ranges. O to 1% fine control included

on TG200DMP
ACCURACY +2%+ 0.03Hz.
SINE QUTPUT 7Vr.ms.downt6 <200uV with Rs
- 600Q
DISTORTION <0.1%to 5V, <0.2% at 7V from 10Hz
to 100kHz.

SQUARE OUTPUT TG200D & DM only. 7V peak down
to <200pV. Rise time <150nS.
SYNC. OUTPUT >1Vr.ms. sine in phase with output.
SYNC. INPUT 1% freq. lock range per voltr.m.s.
METER SCALES TG200M, DM & DMP only. 0/2V,
O/7v & —14/46dBm.
SIZE & WEIGHT 7" highx 101" x 53" deep. 10 Ibs.

TG200 TG200D TG200M TG200DM TG200DMP

£57 £60 £67 £70 £74
DIGITAL

0.2Hzto 1.22MHz on fourdecade
controls.
ACCURACY +0.02Hz below 6Hz

-0.3% from 6Hz to 100k Hz
+1%from 100 kHz to 300 kHz

FREQUENCY

+3% above 300 kHz.
SINE OUTPUT 5V r.m.s. down to 30uV with Rs=600 Q
DISTORTION <0.15% from 15Hzto 15 kHz.

<0.5% at1.5Hz and 150kHz.
METER SCALES 2 Expanded voltage & —2/+4dBm.
SIZE & WEIGHT 7" highx 101" wide x 7" deep. 12 Ibs.

TG66B TG66A
rizg(tjzrly £1 56 g/;zt’tIeryzodel. £1 76
LEVELL ELECTRONICS LTD_ Prices include batteries and U.K. delivery. VAT extra.

Moxon Street, High Barnet, Herts. EN5 5SD Optional extras are leather cases and mains power units.
Tel: 01-449 5028/440 8686 Send for data covering our range of portable instruments.

WW-—008 FOR FURTHER DETAILS
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The world Over_ For high quality electronic valves,
semiconductors and integrated
circuits — and the speediest service —
You get the specify Haltron. It’s the first choice of
Governments and many other users
= throughout the world. Haltron product
best SerV|ce quality and reliability are clearly
confirmed. The product range is very,
very wide. And Haltron export
from Haltron expertise will surely meet your
requirements. Wherever you are, get
the best service. From Haltron.

Hall Electric Limited,
Electron House,
e Cray Avenue, St. Mary Cray,
Haltr'On Orpington, Kent BRS 30..
] Telephone : Orpington 27099
Telex: 896141

WW—009 FOR FURTHER DETAILS
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Euro relay
Varley is one of Europe’s big names in the electronics world.

Each is built to uncompromising
quality standards . . . with ultrasonic
cleaning throughout coupled with
exacting performance and timing

checks.

miniature plug-in relays.
The Miniaturised Bi-stable polarised

relay type VPR and the P.O. approved

relay type 23 are but two from a

range used and approved throughout

Moiver penicontror e, ]

liver Pell Control Litd.,
The same goes forournew | 1'ver Fell Row, Burrage Rd., Woolwich London SEI8.
ACrange. Tel: 01-854 1422 'Telex: 897071

These miniature plug-in relays l N. e
have the same physical am

dimensions as the DC range.

Shown:2and 4-contact | Company I
versions.

For all the help you need, | Address l
contact Varley Technicians

WW3/75

now - or send for the catalogue. I

—_————
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50/70 watt all silicon amplifier R
with built-in 5-way mixer using F.E.T.’s.

Wireless World, March 1975

VORTEXION Design and manufacture public address equipment to meet a range
of specific requirements for AIRPORTS, HOTELS, THEATRES, GOVERNMENT
AUTHORITIES, LOCAL AUTHORITIES, SUPERMARKETS, SCHOOLS, SPORTING COMPLEXES,
POP GROUPS AND THE LOCAL VILLAGE HALL.

The high fidelity amplifier illustrated has bass cut controls
on each of the three low impedance balanced line microphone
stages and a high impedance 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 self capacity
diodes and all use F.E.T. s for 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 100 V balanced line or 8-16 ohms 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
0.3 V out on 600 ohms upwards.

50/70 WATT ALL SILICON AMPLIFIER WITH
BUILT-IN 4-WAY MIXER using the circuit of our reliable 100
Watt Amplifier with its elaborate protection against short and
overload, etc. To thisis allied our latest development of F.E.T.
Mixer Amplifier, again fully protected against overload and 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 5-15 Q
and 100 voltline.

100 WATT ALL SILICON AMPLIFIER. A high quality
amplifier with 8 chms-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. Input 0.4 V on 100 K ohms.

THE 100 WATT MIXER AMPLIFIER with specification as
above is here combined with a 4-channel F.E.T. mixer. 2-30/60 Q
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.

20/30 WATT MIXER AMPLIFIER. High fidelity all silicon
model with F.E.T. input stages to yeduce intermodulation distortion
to a fraction of normal transistor input circuits. Standard model
1-low mic. balanced input and HiZ gram. Outputs available
8/15 ohms OR 100 volt line.

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 chms-

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 ¢/s-20 Kc/s. Can be used to drive
mechanical devices for which power is 120 watts on continuous
sine wave. Input 1 mW 600 ohrns. Output 100-120 V or 200-240 V.
Additional matching transformers for other impedances are
available.

F.E.T. MIXERS and PPM’s. Various types of mixers
available. 3, 4, 6 and 8 channel with Peak Programme Meter.

4,6, 8and 10 Way Mixers. Twin 3, 4 and 5 channel Stereo, also
twin 4 and 5 channel Stereo with 2 PPM's.

““
““\6’*;\00
“‘ R
@

Vortexion Ltd., 251-263 The Broadway, _(¢% e
Wimbledon, SW19 ISF. o o™
Telephone: 01-542 2814 and o0% A&
01-542 6242/3/4. »
Telegrams: ‘“Vortexion “‘ @C:o
London SW19”’ “‘ 306
(™

“‘ (6\3\
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@ RESISTORS

CARBON FILM
W 1Q to 1M : 5%, IM2 to 10M :

W 1210 100 : 5%. IM2to 10M :
E12 & E24 1p each.

1010 910k : 5%
METAL OXIDE
W 100 to ‘IM 2%E12 & E24
WIREWOUN
3w 0.220, 0. 270 0.330.0.47Q :

10:5%
1.20 to 2700:5% E12

Other ranges stocked. See our
for details.

Et2: 10. 12, 15
56. 68. B2 and decades.
E24: 11. 13,

62. 75, 91 and decades.

10%E12
10%E12

4p each

10%
17p each
13p each

catalogue

18, 22. 27. 33. 39, 47.
18, 20, 24 30. 36.43.651.

® POTENTIOMETERS

Rotary miniature carbon track
7 spindle. Values available:
k. 10k, 25k, 50k, 100k, 250k,
500k, 1M, 2M.
Log. signle-gan 16p. Lin.
smgle gang (+ 1k, 16p
Log. or Lin. singie-gang with
switch 33,
Log. or Lin. dual-gang without
49

switch p 7

Slider 60mmtrack. Metal-cased: /

overall length 86.15mm less V/

knob {7p extra). y//4

Log. or Lin. single-gang 1k. 5k. \3/ g

10k. 25k. 50k. 100k, 36p each.

Log. or Lin. dual-gang 1k. 5k,

10k, 25k. 50k. 100k, 45p each.

Presets:  0.1W  Vertical or

Horizontal.

10002, 2200, 4700, 1k, 2k2.

4k7. 10k, 22k, 47k. 100k, 220k,

470k. 1M 7p each.

Sub miniature

Axial lead electrolytic ’9/

M'dV PriceMfd V  Price

63 6p 68 63

1 563 b6p 68 16 6p

2283 6p B8 63 14p

33 83 100 4 6p Mid V Price

4763 6p 100 10 6p 470 6p

6840 6p 100 25 6p 4 14p

68863 6p 100 40 6p 470 25 16p

0 25 6p 100 B3 16p 470 40 25p

10 63 150 63 bp 680 6.3 14p

15 18 6p 150 16 Bp 680 16 16p

15 40 Bp 150 25 Bp B8O 25 25p

15 63 6p 150 40 14p 680 40 28p

22 10 dp 150 63 16p 1000 4 14p

22 25 6p 220 4 Bp 1000 10 16p

22 63 Bp 220 10 6p 1000 16 25p

33 636p 220 18 6p 1000 25 28p

33 16 6p 220 25 1 1500 6.3 16p

33 40 Bp 220 40 16p 1500 10 25

47 4 6p 220 63 250 1500 16 28p

47 10 6p 330 4 6p 2200 6325

47 25 6p 330 10 6p 2200 10 28p

47 40 Bp 330 18 14p 3300 6.3 28p

47 B3 Bp 330 B3 28p 4700 4 28p
1 pole,

Rotary adjustable stop.
2 to 12 way: 2 pole, 2 10 6
way: 3 pole. 2 10 4 way: 4

pole. 2 or 3 way 36p each.
Siide Sub-min. DPDT Sp
Slide min. DPDT

Push to make non- Iocklng
SPST

Push-on, push-off Iocking

DPDT 250V 4A
Rocker white DPST 250V J‘gA

Rotary mains DPST 250V %A
P
Toggle with ON/OFF plate
DPDT 250V 1.5A 25p
BCD OUTPUT SLIDE
SWITCH
Marks the end of the old-
fashioned thumb-wheel switch,

With 7-segment type read-out.
Full details in our catalogue
£1.38

F
S 4

@ TRANSISTORS
& DIODES

AC127 18p BFYS2  20p
AC128 18p BY126 13p
AC176 17p BY127 13p
AD161/ BY164  49p
162MP  93p BZY88
BA100 9p series 13p
BA145 22p MPF102 36p
BC107 11p 0A91 6p
BC108 10p 0A200 Tp
BC109 13p 0C71 20p
BC109C 15p SC146D 88p
BC142 23p T1S43  28p
BC143 26p w005  30p
BC147 10p wO4 33p
BC148 10p 1N914 ap
BC149 12p 1N4001  6p
BC168C 12p 1N4002 64p
BC169C 12p 1N4003 7p
BC178 17p 1N4004 73p
BC1B2L 10p 1N4005 8p
BC183L 12p 1N4006 83p
BC184L 12p 1N4007 9p
BC212L 14p 1N4148 4p
BC213L 15p 2N1302 20p
BC214L 18p 2N1303 20p
BCY71 22p 2N1304 30p
BD131 45p 2N1711  24p
BD132  54p 2N2219 2Sp
BD131/ 2N2646 45p
BD132MP 2N2905 33p
£1.20 2N2926 Ye12p
BD135 36p Gn 13p
BD139 49p 2N3053 18p
BD140 69p 2N3055 49p
BF258 35p 2N3B19 22p
BF259 25p 2N5459 51p
BFX29 30p 7400 16p
BFX30 33p 7413 39p
BFX84 30p 7447 £1.10
BFX85 36p 7473 54p
BFX87 30p 7474 45p
BFX8B 25p 7490 93p
BFY50 20p 7493 93p
BFYS1 22p 74121  39p
L.E.D. RED.
2med 3* 15p
Panel mtg. clip Sp

{Other colours and 7-seg. dis-
plays in our catalogue.)

@ INTEGRATED
CIRCUITS

CA3046 I

(14-pin DIL CECA
LHOO42CH

(TO99) £4.25
MC1310P

(14-pin DIL} £2.50
MC1496 (UA796}

{14-pin DIL} 95p
MFC4000B s9p
MFC6040 83p
NES55V (8-pin DIL} 65p
S$G1495 (14-pin DIL} £2.70
$G3402 (14-pin DIL) £1.69

HA741C (8-pin DIL} 36p
yA741C({14-pin DIL) 45p
HA747C{14-pin DIL) £1.05
UAT74BC (8-pin DIL) 39p
ZN414 (TO18) £1.20
VOLTAGE REGULATORS
pA78055V 1.5A(TO3) £1.75
pA781515V 1.5A(TO3) £2.30
MVR 5V, 12V, 15V 500mA
(TO3) £1.60
PA7BMO5 5V 500mA

{Plastic power) £1.30
PA7BM15 15V 500mA

{Plastic power) £
HAT78LOS 5V 100mA (T092)

60p
WATBL15 15V 100mA (TO92)
60p
WA723C variable 2 to 37V
(TO99) or 14-pin DIL 75p
Our catalogue contains appli-
cation circuits and data for alt
the above |.Cs and many more.

@ DISCOUNTS @

ing MES
a\a\ogue Stant collecting
ur €

Detaits in ouchers NO

Discouﬂl
R

@ PLUGS AND SOCKETS

DIN PLUG CHASSIS
SOCKET

2-pin 8p 6p

3-pin 9p Tp

4-pin 10p Tp

5-pin A{180°} 10p 7p

5-pin B(240°) 10p Tp

6-pin 10p 9p

JACK PLUGS .

2.5mm plastic barret 9p
2.5mm metal barrel 15p
3.5mm plastic barrel 9p
3.5mm metal barrel 15p
+in. std. mono plastic barrel 13p
}in. std. mono metal barrel 24p
}in. std. stereo plastic barrel 18p
+in. std. stereo metal barrel 30p

JACK CHASSIS SOCKETS

2.5mm open-type metal 9p
3.5mm open-type metal 9p
§in. std. mono open-type metal  10p
#in. std. mono moulded with 2

break contacts 14p
}in. sid. stereo open-type metal 15p
}in. std. stereo moulded with 3

break contacts 18p

In-line sockets also stocked: see
catalogue

PHONO
Plastic-topped plug 5p

Screened plug 12p @=
4p

Chassis socket single
Chassis socket twin 6p

@ MAINS CONNECTORS

P360 3-pin 1.5A chassis plug

with line socket 30p
SA2130 3-pin BA chassis plug  22p
SA1882 Line socket for SA2190 25p P/

P437 3-pin 5A chassis socket with
line plug 66p &

Get az«r/975
CATALOGUES

Includes dozens of
useful and interesting
circuits you can build;
data; hundreds of
pictures, transistor

equivalents list and
hundreds of new lines.
Packed with information.
Only 35p

& ORGAN
CONSTRUCTION

A Full-Scale Electronic Organ that you can build
to your own specification.

FULL CONSTRUCTIONAL DETAILS
IN OUR LEAFLETS

Leaflet MES 51: price
15p. describes a fully
polyphonic basic organ
which can later be used
as the basis of a large
sophisticated instrument.
Leafiet MES 52: price
5p. continues the descrip-
tion of the MES 50 series organs and shows
you how to add a second keyboard with lots
more stops.

Further leaflets
monthly intervals.

® THE AMAZING DM 02

A ready-built, tested and guaranteed digital
master oscillator. Accurately generates the top
13 notes for your organ system and reduces the
complete tuning of your organ to ONE SIMPLE
adjustment. New design gives selectable C to C
output ranges of {approx.) 4k to_8k (highest) or
2k to 4k or 1k to 2k. etc.. right down to 18Hz
to 32Hz! And this new compatible design is even
smaller: only 3.5in.X3.7in.. including gold-
plated edge connexion.

DMO2T includes built-in variable depth and rate
frequency shift tremulant.

DMO2 £12.25 DMO2T £14.25

SAJ 110: 7-stage frequency divider in 14-pin
DIL package. Sine or square wave input. Square
wave output may be converted to saw-tooth.
£1.80 each or 6 for £9.94 or 12 for £18.16.

& ORGAN
COMPONENTS

Keyboards high quality. fuily sprung.

to follow at approx. two-

Flat-front 48-note F to E £15.95
Sloping-front 49-note C to C £15.95
Sloping-front 61-note C to C £20.35
Swell pedal with 10k log. pot £6.33
*Spring line unit {short} £3.05
*Spring line unit {long) £8.29

*Reverberation driver module £5.
*S.a.e. please. for full details: leafiet MES 24
Gold-clad phosphor-bronze wire 30p per yd.
Paltadium earth bar 15p per octave length
Contact blocks 2-make {(GB2} 22p
Stop tabs. rocker type. not engraved {white. red.
grey or black} ~vith DPDT switch 59p

a$

©® TRANSFORMERS

LT700 min. output. Pri. 1k2: Sec. 50

200mW 50p
Sub-min mains 6-0-6V 100mA 95p
12-0-12V 50mA 95p

{Size both approx. 30X 27 X 25mm)

Min. mains 0—6V 500mA, 0-6V 500mA  £1.36
0-12V 250mA, 0-12V 250mA £1.36
0-20V 150mA. 0-20V 150mA £1.36
0-24Vv 125mA. 0-24V 125mA £1.36

Mains MT3AT: Sec: 12-15-20-24— ——

30v2A £3.60

Mains MT206AT: Sec: 0-15-20V 1A, A

0-15-20vV 1A £3.98

P.0. Box 3, Rayleigh, Essex. Tel: Southend-on-Sea (0702) 44101.

VAT. Please add 8% to the final total. Post and packing FREE in UK. (15p handling charge on orders under £1)
First-class post pre-paid envelope supplied free with every order.

,./,,

AR R ARR N

“ELECTRONICS TODAY INTERNATIDNAL"

4600 SYNTHESISER

We stock all parts for this briiliantiy designed
synthesiser. This includes all the PC8s. metal-
work and drilled and printed front panel giving a
truly professional finish. Autheritative opinions
agree the ET| International Synthesiser is

technically superior to most of today's models.
Complete constructional details in our booklet.
available shortly. S.a.e. please. for price lists
and specification.

We also stock all parts for the P.E. Synthesiser
and Minisonic.

WW--123 FOR FURTHER DETAILS
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Magnetic winner in the less-space race:
the new Brimar M14-100.

\ _Actual Size

The new Brimar M14-100 is the smallest U.K. -
made magnetic focus tube available with special
phosphors. Although its maximum overall length is,

in fact, only 184 mm., it has a minimum useful screen
area of 110 mm. x 83 mm. Particularly suitable for data
display and monitoring devices where a brightimage
with crisp display is required. (A typical linewidth is 0.23 mm.
at a beam current of 30 uA.)

Advantages of this tube include low scanning power requirement,
excellent focus performance and low wattage heater. Various
phosphors are available, including W (TV White.) We can supply
the deflection components too!

we’'ll gladly send you a descriptive leaflet on request.

Thorn Radlo Valves and Tubes Limited
Mollison Avenue, Brimsdown, Enfield, Middlesex, EN3 7NS.
Telephone: 01-804 1201.

i—

WW—168 FOR FURTHER DETAILS

www americanradiohistorv com


www.americanradiohistory.com

Feathers and things

Take a diaphragm from a QUAD electrostatic hard to stop? That’s why a QUAD loudspeaker
loudspeaker. Let it fall and you can count up to responds immediately to every nuance in the

ten before it reaches the ground. Try to do this music. It’s obvious when you think of it. It’s even
with a cone from a moving coil speaker and you'll more obvious when you hear it.

need a high speed computer to do the counting. Send postcard for illustrated leafiet to Dept. WW
Remember all that stuff at school about kinetic Acoustical Manufacturing Co. Ltd.,

energy? How heavy things are hard to start and Huntingdon PE18 7DB. Telephone (0480) 52561.

QUAD

Products of The Acoustical Manufacturing Co.Ltd.

for the closest approach to the original sound
QUAD is a Registered Trade Mark
WW-—119 FOR FURTHER DETAILS
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THE
ILLUSION OF
REALITY

deceive you

to create a

loud speaker

that can produce
an absolutely
convincing illusion
of reality. But words
alone cannot convey
the experience await-
ing you the first time
you hear the R50. This
extraordinary transducer
with its exceptionally smooth
| frequency response, extended

bass. superb high frequency disper-
sion and extremely low distortion has

Our Cambridge Audio
R50 monitor loud
speaker (and —we're
proud to admitit) 1s a
true labour of love. And
we've spent hundreds of
hours in choosing and
evaluating the performance
characteristics of the four
critically matched drive units
that go into the R50. We exhaust-
ively investigated the labyrinth
paths of cabinet design. We devel
oped sophisticated fabrication and
testing technigues. In producuon we

even go as far as to hand test and select
each individual capacitor inthe cross-  to be heard to be disbelieved. Only then

over network. In short, nothingis  will you begin to understand how close
spared in our single minded effortto  we have come to reality.

Cambridge
Audio

for people who listen to music
Cambridge Audio Limited
The River Mill
St. lves
Huntingdon PE17 4EP
Telephone St. ives 62901
WW-—103 FOR FURTHER DETAILS
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CONTINUOUS
IMPROVEMENT

We are always at work on better
production methods and the use of
new materials.

These cartridge fixing screws are
moulded in glass reinforced nylon
which is only one-third the weight
of aluminium. At 73p per set you can
probably afford them better than the
weight of those you are using.

We can send you as many sets as
you want by return if you send us
the money.

{ — j
= IVIIE
The best pick-up arm in the world

Write to SME Limited
Steyning - Sussex - England
Telephone: Steyning (0303) 814321

LTD/831

WW-—162 FOR FURTHER DETAILS
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STRIP CHART RECORDERS

Made in USSR MULTI-RANGE UNIVERSAL PORTABLE AC/DC
RECORDING VOLTAMMETER H390

Series H3020 Recorders Measurements 5-15-150-250-
Sensitivity: 8mAFS.D. ranges, ACIDC:  500mA,1.5-5Amps
Speed of response. 5Hz 5-15-150-250-
Chart width: 80mm per channel 500V
Chart drive: 230-250V AC mains Accuracy: 1.5%0C, 2.5%AC
Chart speeds: 0.1-0.2-0.5-1-2.5- Chart width: 100mm

12.5-25 mm/sec Chart drive: 220-250V AC mains

Time and event marker pens fitted. Chart speed: 20-60-180-600-

1800-5400 mm/
PRICE: £78.00 hour

SWITCHBOARD PATTERN MINIATURE

y w}‘\ RECORDING MILLIAMMETER H3100
S - 5 Fullscaledeflection: 1mADC
Accuracy: 25%
DC resistance of
the coil: 18,1000

Chart width: 80mm

Chart drive: 220/250V AC mains
PRICES: Chart speeds. 20-60-180-600-
Single pen model H3020-1 £80.00 1800-5400 mm/
Three pen model H3020-3 £130.00 PRICE: £44.00 hour

ALL THE ABOVE PRICES ARE EXCLUSIVE OF CARRIAGE AND VAT,
PLEASE WRITE FOR FULL DETAILS TO:

28 1 AERO SERVICESLTD,

44A WESTBOURNE GROVE, LONDON W2 5SF
Tel: 01-727 5641 Telex: 261306

- WW—155 FOR FURTHER DETAILS

good reasons why Shibaden
colour cameras are the best!

- —

FP 1500 As the HV 1500 but fitted ' -~ | HV1100

with a 3” viewfinder for studio use. ’ ’»’ﬁ‘ | An extremely compact,
| lightweightthree tube
colour TV cameraideal
for surveillance and
observation applications.

HV 1500
Compact, highly mobile unit,
the only colour CCTV camera

"FP1212

A one-inch three tube

available with a single one-inch Plumbicon® Camera with FPC 1000 .

filter integrated colour freely detachable electronic Avidicon/chatnicon camera

vidicon tube. viewfinder. Ideal for outside designed to meet all NTSC
broadcast work and studio. and PAL requirements.

® Trade Mark N.V. Philips

The Shibaden range of colour cameras are compact, When you buy Shibaden you buy the best.
easy to operate and versatile in their application
through educational, medical, business and broad-
casting studios. Shibaden Colour Cameras are

designed with the customer in mind both %_rrc:m an @Hltachl
application and performance stand point. They are Sh
ibaden (UK) Limited

fully backed by Shibaden’s in-depth opto-electronic

For further details on the Shibaden range of Colour
Cameras, contact the Technical Service Department.

technology which has proVed to be supenor BROADCAST & CCTV EQUIPMENT MANUFACTURERS
through many years of application in a vast range Lodge House -Lodge Road - Hendon - London
of broadcasting equipment. Nw4 4DQ. Telephone: 01-203 4242/6

‘WW—122 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—093 FOR FURTHER DETAILS

Contractors to H.M. Govt. P.O.

REPAIRS

OF ELECTRICAL MEASURING INSTRUMENTS
7-14 DAYS SERVICE

<« MODEL 8 MK.V

STOCKISTS

ALSO SUPPLIERS OF GEC
RISSO AND OTHER
MULTI-RANGE TEST SETS

WE SPECIALISE IN ASSEMBLIES, AND IN THE
REPAIR, CALIBRATION AND CONVERSION
OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL
AND PRECISION GRADE

LEDON INSTRUMENTS LTD.

GLADSTONE WORKS, GLADSTONE RD,
FOLKESTONE, KENT.
TEL: (STD) 0303 57555

WW—092 FOR FURTHER DETAILS

all

Our
electronics

are asignal
SUCCESS

Our manufacturing resources could contribute to your
success, too! We've chalked up many years of service
to ministries, government departments, armed forces,
and a formidable list of significant names in industry.
They all come to Whiteiey for the specialist knowhow
and resources we have developed. Can we help you?
We can build to your drawings and specification, or put
our design departments at your service, as needed. From
a small component to a complete system, in audio work,
relay switching circuits, control systems, and many
other spheres—our facilities are ready. The Whiteley
organisation is self-contained. The manufacturing
resources are backed by our own toolroom, sheet metal
working and press shops, plating and finishing lines,
coil and transformer winding shop, plastics moulding
shop and a modern new cabinet factory. Capitalise on
all these Whiteley facilities—call us in for a ook at your
next electronics need. You'll be in good company!

Whiteley

versatility...

ELECTRONIC & ELECTRICAL DESIGN

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—096 FOR FURTHER DETAILS
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LOW-COST INSTRUMENTS
2 ;ﬂ’.,'!-"“"" é T "
B'.lg“ I “' - NEW!
® =l ~[2
®e o P £82
You told us you enjoyed (1 e S tow e + £1.50 p.p.
i i + VAT

Wireless World, March 1975

Elektor 1 745 COUNTER TIMER

Measures frequency, period, time and totalises
32 MHz frequency range {DC coupled)
5-digit .3” LED display
6 Gate times/Time units, 10ps to 15 in decades
Sensitive, protected FET input

Don’t miss Elektor 2, out now

Elektor is a fund of well
thought-out and thoroughly
tested projects, new ideas using
modern electronic com-

ponents, objective comment

643 FUNCTION GENERATOR

744 COUNTER TIMER
£86 + £1.50 p.&p. + VAT
20 U SORED, o A Accurate, digital frequency setting

Measures frequency, period and time o .01H2|—1MH2| o

ide range external control of frequency
30Mﬂz frequgnc'y range (DC l:olfll|8d) Triangle, Squarewave and Low Distortion
5-digit, long-life incandescent display

Sinewave outputs
Sensitive, protected FET input 50Q + simultaneous outputs

Try it DC offset

Delivery is normally ex-stock—telephone for confirmation

OMB ELECTRONICS

Riverside, Eynsford, Kent DA4 OAE

on new developments.

Tel. Farningham (0322) 863567
WW-—150 FOR FURTHER DETAILS
Use the Elektor"
mos tap . . .
- printed circuit
minidrum ]
dil logic probe board service
numeric displays for immediate
electronic delivery of-high
loudspeaker quality epoxy
glass boards

for all major
projects.

In Elektor 2

t Electronic drum kit t Modulation systems — AM to

cPm
7-segment displays

t Touch sensitive switches

t DIL Logic probe
High-quality T.V. sound

Lok tor the narrd
Write to us enclosing 35p P.O. or cheque for Elektor 2. If you
would like a subscription for the next seven issues (£3.60 till end STRUMVIECH

1975), send no money, write or phone for subscription card.

Elektor Publishers Ltd.
6, Stour Street, Canterbury CT1 2XZ. Tel Canterbury (0227) 54439

WW—027 FOR FURTHER DETAILS
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A NEW STANDARD FOR SOUND REPRODUCTION
HD250 High Definition Stereo Control Amplifier

Designed for disc and
tuner input and two tape
machines, with complete
_recording and reproduc-
ing facilities.

The HD250 amplifier establishes a new standard in amplifiers for sound reproduction in the home.
Improvements have been made in respect of performance, engineering design and quality of construction.
We believe that no other amplifier in the world can match the overall specification of the HD250.
Look at extracts from the specification below.

Power output. Overload margin.
Rated: 50 watts average continuous power per Disc input 40 dB min.
channel, into any impedance from 4 to 8
ohms, both channels driven. Hum and noise output.
Maximum: 90 watts average power per channel into Disc: —83dBV Measured flat with noise band-
5 ohms load. width of 23kHz (ref. 5mV.)
Distortion. —88dBV Measured with ‘A’ weighted
Pre-amplifier: Virtually zero. {Cannot be identified or characteristic (ref. 5mV.)
measured as it is below inherent circuit Line: —85dBV Measured flat {ref. 100mV.)
noise.) —88dBV "A’ weighted (ref. 100mV.)
Power amplifier. Size: 17 inches X 42 inches X 11inches deep
atrated output: Less than 0.02% (typically 0.01% at 1kHz). : overall.
at 25w output: Typically 0.006%. Weight: 211b.

Write or phone for leaflet which describes the design philosophy and conception of the HD250
together with a complete specification.

RADFORD AUDIO LIMITED, BRISTOL, BS3 2HZ Telephone: 0272 662301

WW—060 FOR FURTHER DETAILS

TAPE TRANSPORTS T cenrd
i ot el voltage stabiliser?
for studio and industrial use .
Don’t give up. :
EEV arestillmakinga
wide range of rugged, reliable
voltage stabilisers and
reference tubes.
Weare still meeting all
requirements —including
equivalents for types now
discontinued by other makers.
25mm model Write or "phone for
s voltage stabiliser data sheets
* Tapewidths up to 25mm and prices.
* Speeds: 3mm/s minimum up to 152cm/s max
LTI * Reel Capic?'g/du‘:) ige;gcr:)dels
available i
% Remote Control Facility o
% Tape Tens;icr:nr Coniré): EEvand M OV
% Automatic Interlock against misuse
% Special models to customer re!q:irements know how
'BRENELL ENGINEERING CO LTD
231-5 Liverpool Road. London N1 1LY. Tel: 01-607.8271 c S N,
e ——————C T SSESWRRER | L T e

WW—077 FOR FURTHER DETAILS WW—154 FOR FURTHER DETAILS
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GreatSound...

NOW THE

4KHZ HORN
GOES INTERCONTINENTAL . . .

Introduced to Europe at the
1975 Frankfurt International Trade Fair

Now going intercontinental after 12 tremendous months of UK
success—the Vitavox 4KHZ Horn—shown to Europe for the first
time at the 1975 Frankfurt International Trade Fair.

With the 4KHZ Horn, the Vitavox range is now 5 nucleus strong. The outcome of nine months’ research, it is the latest
concept in the continuing development of the range. Its arrival meant One Source—One Throat—for sound power only many
horns together could give before.

The 4KHZ Horn is designed for use with the Vitavox S3 Pressure Unit for wide dispersion of the upper audio frequencies.
When mounted in the vertical position it gives a wide sound distribution in the horizontal plane. Made from heavy gauge steel.
treated with acoustic damping compound, finished in dramatic hammer black paint, and with a heavy duty mounting bracket
to support the pressure unit weight, the 4KHZ Horn is geared throughout to meet the needs of BIG SOUND with THE GREAT
SOUND OF VITAVOX.

PLo—r=s sai=el= = mmiwe eomml = Sl S e o e A

: Please send me further information on your product range : v’ TAvox
: Name P — : &g Limited

\ Company —— ) Westmoreland Road

: Address — : London NW3 9RJ
e e b Telephone: 01-204 4234

ITA-TEAC
ITA 10-4

MODULAR MIXER

TEAC 4-CHANNEL
INDUSTRIAL RECORDER

Ten inputs. Four output groups. Four limiters.
Base. mid. treble EQ. Balanced inputs. Modular
construction. Headphone monitoring.

IMMEDIATE DELIVERY.
£590 + VAT

ing studio.
Four totally
independent
channels. Sel
sync on all channels.
Mixing facilities. 63dB signal to noise
ratio. Wide flat band-width.

soe surruer: NOTE NEW ADDRESS -

industrial Tape Applications
5 Pratt Street, London NW1 OAE.Tel: 01-485 6162 Telex: 21879

WW—130 FOR FURTHER DETAILS
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Gardners

Line Matching Tiransforxﬁers
from Standard to Super Fidelity

It's easy to choose ( The
the right Line Match-
ing Transformer
from the five
Gardners ranges

The Super Fidelity |
Series, with a
frequency response of
10Hz to 80kHz - 0-5d8,
gives the widest possible
bandwidth for high accuracy

| 22kHz
points.

~Standard ranges provide
excellent bandwidth for
most purposes, 30Hz ~

Except for the very
smallest in the range, ail
Gardners Line Malching

Transformers are fully magneti-

Miniature and cally shielded. gving very high
hum rejection ratios

Prices start from £3.13
for the 1-0dB all types are usually available
from stock.

Complete technical
information is given in
brochure GT 5 "Audio
Frequency Transformers
which we'll be glad to send on

instrumentation and recording
applications

Then there's the Wide and B

Extra Wide-band ranges Out- . F
standing performers with a ot :
frequency range 30Hz — LR I

20kHz or more ~ for the 0°5dB ~| 3
points  Used a lot by broad- o
casting and recording
compamies throughout the
world

request

= & So accurale s the balancing of the
q windings on some of these

transtormers that. when used as

g parrs in a hybrd circuit (as

3 diustrated} we can guarantee a

rejechion of belter than 5508 over

the frequency range 50Hz to 10kHz

ang normal rejeciion of up to

7508 may be expected

Specralists in Electronic Transformers and Modular Power Supplies

GARDNERS

TRANSFORMERS LIMITED
Gardners Transformers Limited, Christchurch, Dorset, BH23 3PN

Tel Christchurch 2284 (STD 0201

52284) Telex 41276 GARDNERS XCH

WW—069 FOR FURTHER DETAILS

(recommended retail price}and

' PRACTICAL PAPE RBACKS

FROMmM

FOULSHAM-TAB

TV SERVICING GUIDEBOOK
by Art Margolis £1.55

TAPE RECORDING FOR FUN
AND PROFIT

by Walter G. Salm £1.70
HI-FI TROUBLES

by Herman Burstein £1.40
BEGINNER’'S GUIDE TO
COMPUTER LOGIC

by Gerald F. Stapleton £1.60

FIRE AND THEFT SECURITY
SYSTEMS

by Byron Wels £1.55

HOME-CALL TV REPAIR GUIDE
by Jay Shane £1.35

HOW TO USE TEST
INSTRUMENTS IN ELECTRONIC
SERVICING

by F. Shunaman £1.80

POPULAR TUBE/TRANSISTOR
SUBSTITUTION GUIDE  £1.80

ELECTRONICS SELF-TAUGHT
WITH EXPERIMENTS AND
PROJECTS

by James Ashe £1.85
BASIC ELECTRONICS
PROBLEMS SOLVED
by Donald A. Smith £1.60

WORKING WITH THE

OSCILLOSCOPE

by A. C. W. Saunders £1.50

WALKIE-TALKIE RADIO

OPERATOR'S GUIDE

by Bob Brown and Paul Lawrence
£1.70

64 HOBBY PROJECTS FOR
HOME AND CAR

by Bob Brown and Mark Olsen
£1.80

PULSE AND SWITCHING

CIRCUITS

by Harvey F. Swearer £1.95

ELECTRONIC MUSICAL

INSTRUMENTS

by Norman H. Crowhurst £1.80

MAJOR APPLIANCE REPAIR
GUIDE

by Wayne Lemons and
Billy L. Price £2.10
PRACTICAL TEST EQUIPMENT
YOU CAN BUILD
Edited by Wayne Green £1.80
QUESTIONS AND ANSWERS
ABOUT TAPE RECORDING

by Herman Burstein £2.05

( )FOULSHAM—TAB LTD.

YEOVIL ROAD, SLOUGH, BERKS.

als

: “ MADE IT MYSELF”
o Imagine the thrill yow'll feel ! Imagine how impressed
= people will be when they’re hearing a programme on a

& modern radio you made yourself.

Now! Learn the secrets of radio
and electronics by building your
own modern transistor radio!

Practical lessons teach you sooner
than you would dream possible.

What a wonderful way to learn—and pave the way to a new,
better-paid career! No dreary ploughing through page after
page of dull facts and figures. With this fascinating technatron

course, you learn by building!

You build a modern transistor radio . .

. a burglar alarm. You

learn radio and electronics by doing actual projects you enjoy
—making things with your own hands that you'll be proud to
own! No wonder it's so fast and easy to learn this way.
Because learning becomes a hobby! And what a profitable
hobby. Because copportunities in the field of radio and elec-
tronics are growing faster than they can find people to fill the

jobs!

No soldering—yet you
learn faster than you
ever dreamed possible.

Yes! Faster than you can imagine,
you pick up the technical know-
how you need. Specially prepared
step-by-step lessons show you
how to: read circuits—assemble
components—build things—experi-
ment. You enjoy every minute of it!
You get everything you need.
tools, components. Even a versatile
multimeter that we teach you how
to use. All included in the course
AT NO EXTRA CHARGE! And this
is a course anyone can afford. You
can even pay for it by easy instal-
ments,

So fast, so easy,
this personalised course
will teach you even if
you don’t know a thing

today!
No matter how little you know
now, no matter what your back-

education, we'll teach

ground or
in simple easy-

you. Step by step,

POST
TODAY FOR
FREE BOOK

| naME

ADDRESS

To: BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY
Aldermaston College, Dept CWWO01, Reading RG7 4PF
Yes, I'd like to know more about your course. Please send

me tfree details—plus your big, 76-page book that tells
about all your courses.

you pick
radio and

to-understand language.
up the secrets of

electronics.

You become a man who makes
things, not just another of the
millions who don't understand.
And you could pave the way to a
great new career, to add to the
thrill and pride you receive when
you look at what you have
achieved. Within weeks you could
hold in your hand vyour own
transistor radio. And after the
course you can ¢go on to acquire
high-powered technical qualifica-
tions, because our famous courses
go right up to City & Guilds
levels.

Send now for FREE
76-page book—see how
easy it is—read what
others say!

Find out more now! This is the
gateway to a thrilling new career,
or a wonderful hobby you'll en-
joy for years. Send the coupon
now. There's no obligation.

CWWO1

POSTCODE

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

www americanradiohistorv com
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Pressure

Variable reluctance wet/wet differ-
ential for use with most corrosive
pressure media

SE40 '

High level output + 5V d.c. Pressure
range 5 to 5000 p.s.i. gauge, differ-
ential or absolute. Temperature
range -45 to + 150°C. Total error
band less than 1.5%.

Established variable reluctance unit.
Pressure range 5 - 5000 p.s.i. gauge,
differential or absolute. A.C. excitat-
ion only. Total error band less than
1.5%. Temperature range -45°C to
+150°C.

SE42

DC/DC variable reluctance unit.
Pressures from 5 to 5000 p.s.i. gauge,
absolute or differential. Temperatures
from -45 to + 150°C. Total error
band less than + 1.5%.

SE1150/W.G.

A.C. excitation variable reluctance
transducer. 10 - 80 ins. water gauge.
. Ambient temperature. Total error

- band + 1%.

www americanradiohistorvy com

DC/DC variable reluctance transducer.

SE21
Industrial transducer O-1volt four
wire 4-20mA two wire ranges 5 to
500 PST gauge, differential or
absolute compensated temperature
range —10°C to +80°C. Total error
band less than 0.25%.

SEMICONDUCTOR TYPES

SE792
Crystal diaphragm. Gauge only unit for general
applications. Pressures from 5 to 1,000 p.s.i.
Temperature range O - 1250C.

Total error £ 1.5%.

SE794

Single crystal diaphragm miniature transducer
for pressure scanning systems. Range 5 to
1000p.s.1. gauge. Total error band less than

* 0.5% over temperature range 10 - 60°C.

SE4-88

Physiological transducer range 0 to £ 300 mm
Hg sensitivity 5mV/100 mm Hg excitation

5 volts,autoclavable
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of Transducers

Displacement

DC/DC TYPES

MINIATURE

SE350 — free unguided armature,
ranges X Tmm to * 5mm. LVDT
with integral oscillator/demodulator.
Excitation 9 to 15 volts output

> 1 volt at 12 volts excitation.
Linearity 0.6% FSD

SE351
As SE350 but with guided armature

SE352
As SE350 but with captive spring
return armature

SE355 .
Electronic gauging head * 1Tmm to
* 5mm. Long stroke

LONG STROKE

SE353 — free guided armature
ranges ¥ 12.5mm to * 300mm
excitation 9 to 15 volts. Output

1 volt at 12v excitation. Linearity
1.0% FSD

[=1= SE Labs(EMI) Ltd

Signal Conditioning

SE has a wide range of signal
conditioning equipment to energise
and rationalise all the transducers
shown.

SE994/993 ‘MINI’ system

Simple 6 channel d.c. signal con-
ditioning. Variable excitation and

SE354
As SE353 but with captive spring
return armature maximum range

+ 125mm bridge completion. Rationalised 1
volt output for indicators or magnetic
AC TYPES tape or via the SE993 into an SE

recorder.

*

Available to special order

i ..I.'.-n"‘-:";__: . pgs -
SE/Entran R e ;
Piezoresistive Accelerometers SEA400/905 Carrier System _I

SE/Entran Accelerometers Basic 6 or 2 channel a.c. condition-
Miniature piezoresistive accelero- ing. 5V 3KHz. excitation. Simultan-
meters up to 5000 ‘g' range, available €ous V0|tage and current outputs.

in various mounting configurations. SE4000 Universal System

Up to 500 mV full scale. Bi-axial and A sophisticated conditioning system
tri-axial versions available. of a.c. carriers, frequency/d.c.
convertors, d.c. amplifiers. Completely
interchangeable modules with a
superb calibration system. 3 or 10
kHz. a.c. carrier, voltage (10V) and
current (100mA) outputs.

Pressure transducers

SE/Entran Pressure Transducers
Miniature piezoresistive pressure
transducers with ranges 0 - 5 Ib/in?.
Various configurations available, in-
cluding hermetically sealed absolute |
versions. Up to 120 mV full scale. i

S

' %55 Bl

SE Systems
We have an experienced team to
prepare data acquisition and recording
systems to customers requirements.

North Feltham Trading Estate, Feltham, Middlesex. Telephone: 01-830-1166 Telex 23995

Northern Sales Office, Besselt Lane, Stapleford, Nottingham. Telephone: Sanqiacre 7255
Scottish Office, 18, Sycamore Drive, Hamitton, Lanarkshire. Telephone: Hamitton 28674

;’E MI A member of the EMI Group of Companies
[ internationai leaders in Electronics. Records and E ntertainment

WW~-160 FOR FURTHER DETAILS
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In the search for quality it helps to

know where to look. Hi-Fi Year Book tells
you everything you need to know, with
separate illustrated sections for every
major category, giving you prices and
specifications of over 2,000 products.
And it's got directories of dealers and
manufacturers — plus a host of articles

on the latest hi-fi developments and their

application. So if you want information
like you want hi-fi, order your copy
today because it sells out pretty quickly !
” R , £2.00 inclusive from the publishers.
E E = l HI-FIYEAR BOOK 1975

E e T oenearorm: T T EEA
HIFlYEARHO
1975 n

To: Room 11, IPC Electrical-Electronic Press Ltd.,
Dorset House, Stamford Street, London SE1 9LU.
Please send me B copy/copies of

Hi-Fi Year Book 1975 at £2.00 per copy inclusive.
| enclose remittance of £..

Pv‘n 1MLy TURE /AP s/Microphones.
%‘qf:l;(!.nkﬂﬁl&ﬂmhﬂq .
(cheque/P.O. payable to IPC Busmess Press Ltd)
NAME.
' (please print)
ADDRESS
-

Registered in England No. 677128

Regd. Office Dorset House, Stamford Street, London SE1 9LU

SR NS TN UGS O TR TN I T D B T A - -
WW—044 FOR FURTHER DETAILS
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TAKE A CLOSE LOOK

Switchcraft
" Audio Connectors

Complete range of Switchcraft audio connectors for all
studio and ancillary equipments.
Versatile— 3, 4, 5 or-6 pole; wide variety of matching plugs recep™
tacles; readily interchangeable with other leading makes.

Streamlined — simple positive snap-in connection;

cable clamping and latch lock.
at a professional recorder that offers high performance,

Safe—sell polarisation; captive insert screw provides rigid assembly excellent reliability and is very easy to maintain. Ask

and electrical continuity; firm and constant ground contact between
mating conncctor shells through the use of an exclusive Ground
Terminal and Contactors.

yourself why so many commercial radio stations and
recording studios are doing their best to wear them out,
and not having much success. Decide if you need mono

lnw cnst-[x.stnck-n"ant"y niscn“nts or stereo, f:ons.ole transport'able or rack mounting versions

Wit orfeac deset iblne ikvLRe and then inquire about prices.
viie now for jree descripii rature. - o
Sole U.K. Agent for Switcheraft QG Counectors 3 E7E S0 o0 WL (52 Ve (PR SUrpisec

EW.O.BAUCH LIMITED 572 KINGSTON ROAD, LONDON SW20 5DR

49 Theobald Strect, Boreham Wood. Herts, WG 4R7. Telephone: 01-953 0091

WW-—052 FOR FURTHER DETAILS WW-—028 FOR FURTHER DETAILS
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Our advanced hi-speed CRT’s
now available with colour

o high sensitivity, short length, electrostatic deflection.
e up to 15" diagonal and 16" diameter tubes.
e up to 850 MHz bandwidth.
e ruggedized types available.
for oscilloscope, radar and data display.

y
i,_

|
|

THOMSON-CSF

THOMSON-CSF ELECTRONIC TUBES LTD / RINGWAY HOUSE / BELL ROAD / DANESHILL / BASINGSTOKE RG24 OQG / TEL. (0256) 29155 - TELEX - 858865
Frarce - TROMSON-CSF Groupement Tubes Electroniques / 8, rue Chasseloup-Laubat / 75737 PARIS CEDEX 15/ "el (1) 566 7004
Germany - THOMSON-CSF Ele<ironenrchren GmbH / Am Leonhardsbrunn 10 / 6 FRANKFURT?MAIN / Tel. (0€°1) 702099
{taty - THOMSON-CSF Tubi Elettronic) SRL / Viale degli Ammiragh 71/ ROMA ¢ Tél (6) 381458
Japan -THOMSON-CSF Japan K K. / Kyosho Building / 1 8 3. Hirakawa-cho / Chiyoda-ku / TOKYD / ¥ 102 / Tél. {J3) 264 6341
Spain - THOMSCN-CZSF Tubos Electronicos SA 7 Alcala 87 / 7° Dcha / MADRID 9/ Tel. (1) 2267609
Sweden - THOMSOM-CSF Elektronror AB / Box 27080/ S 10257 STOCKHOLM 27 / Tel (08) 225815
U.S.A - THOMSON-CSF Hectron Tubes Inc. / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tél. (201) 7721004

WW—169 FOR FURTHER DETAILS
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GET IT WHILE
IT'S GOING

This is the first ever Wireless World Annual. It's got 128
pages including features covering all aspects of elec-
tronics and communications — new and established
techniques, some practical, some theoretical — all

World. Contents include: A General Purpose Audio
Oscillator by L. Nelson Jones {a constructional project
specially commissioned for the annual); Constructional
Design for a Small Boat Echo Sounder by John French;
Scientific Calculations with an Arithmetic Calculator
by R. E. Schemel. There is also a reference section
packed with useful information.

£1 from newsagents or £1.35 inclusive

by post from the publishers.

Wireless World Annual 1975

To: General Sales Department, Room 11, Dorset House, |
Stamford Street, London SE1 9LU.

Please send me............ copy/copies of Wireless World Annual 1975 |

at £1.35 eachinclusive. | enclose remittance value £............... l
(cheques payable to IPC Business Press Ltd).

Address l

I
|
|
l Name (please printy l
I
|
I

Company registered in England No. 677128 l

Regd. office : Dorset House, Stamford Street, London SE1 9LU

written to the high standard you’d expect from Wireless ~

wireless
world
annual 1975

COMMUNICATIONS @ ELECTRONICS

MINIMOD

NOW FOR UK,
EUROPEAN AND
N.AMERICAN
INPUT VOLTAGES

Encapsulated Power Supplies for PCB
mounting interchangeable with U.S. types.

| Tvee | Output voits | Output Current |
PU 01 5 500mA
PU 02 5 1000mA
PU 03 15-0-15 100mA
PU 04 15-0-15 200mA
PU 05 12012 120mA
PU 06 12-0-12 240mA

All units fully stabilised, competitively priced. Standard
range normally ex-stock "Specials’ on short delivery.

Comprehensive specification given in Brochure GT28b
which is available on request.

Specialists in Electronic Transformers & Power Supplies

GARDNERS

TRANSFORMERS LIMITED

Gardners Transformers Limited, Christchurch, Dorset BH23 3PN
Tel:Christchurch 2284 (STD 020-15- 2284)Te|ex 41276 Gardners XCH
e e e e ]

WW—124 FOR FURTHER DETAILS

MANUFACTURERS OF AUDIO EQUIPMENT

NAP160 POWER AMPLIFIER
NAC12 PRE-AMPLIFIER
NAM402 LOUDSPEAKER

With effect from Jan. 1, 1975, we are handling
all export enquiries and orders ourselves.
Please write direct to naim audio Itd.

You can now find our factory and showroom at..
11 Salt Lane, Salisbury, Wilts, SP11DT

The telep hone number remains the same...
SALISBURY 3746

WW-—040 FOR FURTHER DETAILS
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ACI25 1lp)BCI142 35p (BFIIS 22p| MJ49} 130p | ZTX109 I3p | 2N2369 l4p | 2N4059 10p | SIGNAL RECTIFER | ZENER
ACi2 llp|BCI43 35p |BFIE7 123p | MIE340 45p | ZTX300 14p | 2N2484 30p | 24060 13p | p10DES DlgDEs BT BRI R R oV 600V
AC127 11p|BCI47 7p |BFI70 123p|MIE370 72p | ZTX30! 14p | 2N2904 20p | 40360 35p 250mA 1o — @
ACI128 11p|BCI48 7p |BF173 25p|MIE371 84p|ZTX302 I8p | 2N2905 18p | 40361 36p | BAIOO 10p | BYI00 15p | 3.3V to 33v | (Pimir )0 oy o0 oo
ACI41 18p|BCI49C 8p |BFI77 26p | MIES20 68p | ZTX303 ISp | 2N2906 20p | 40362 38p | BAXI3 5p | BY126 12p | 400mW 9p | 5 P 2P 2.P 2CP o
ACi41 18p|BCI57 14p |BFI78 28p | MIES2! 80p | ZTX30424p | 2N2926RB | 40409 50p | BAXI6 6p | BYi27 12p | 13W 20p ] 0 P P s0h 780 985
AC176 I1lp|BC158 12p |BFI79 33p | MIE295595p [ ZTX500 I5p Tp | 40410 50p | 5a47  7p [ BYI33 15p | I3W 27 p 33p 89p 19p Y0P
ACI87 12p|BCI59 16p [BFIB0 33p | MIE305565p | ZTXSO! I5p | 2N29260 8p | 40411 200p | "0 P o o0 gco | low  S5p
ACI88 1lp|BC169C 12p |BFI8I 33p | MPSAI250p | ZTX502 19p | 2N2926YG | 40594 65p P Pl2ow 70p | SCR—THYRISTORS
ADI40 46p [BCI71 12p |BFi82 33p | MPSAQ6 30p | ZTX503 45p 9p | 40595 75p | OA79 10p | BYZII 55p 50V 100V 400V 600V
ADI42 55p|BCI77 |18p |BFI84 22p [ MPSAS6 32p [2N404 26p | 2N3053 18p | 40600 69p | OAB!  8p | BYZI2 55p {Amp42p 48p 40p 78p
ADI43 50p |BCI78 17p|BFI8S 22p | MPSUO6 62p [ 2N696 15p | 2N3054 45p oass 10p | BYzi3 s5p | OTHER 3Amp43p 49p 78p —
ADI49 43p |BCI79 18p[BFI94 1ip| MPSUS678p | 2N697 13p | 2N3055 40p | g, OA% Tp | IN400I Sp | BAI4S 15P 1 7Amp_ 80p B4p —
ADI6! 36p|BCIB2 10p |BFI95 12p|OC26  40p |2N698 30p | 2N344) 80p | Brasy 36p | OA91 70 | IN4004 6p | A 48 13p ] l6Amp— 62p 98p —
ADI62 36p|BCi83 10p[BFi9% 14p;  OC28 55p|2N706 12p | 2N3442 MPFI02 31p | OASS 70 P| TUNNEL | Other
AFi14 13p|BCI84 I1lp|BFI97 15p|OC35 48p|2N708 I8p 1400 | MPFI03 31p | Saz00 o | [N4907 7 | AEYII 50p | CI06D 45p. 2N3525 9lp.
AF115 13p|BC212 I1ip|BF200 32p|OC36 52p|2N914 18p | 2N3702/3 MPFI04 31p | OA202 10 | PL4904 100 | Varicap 2N 4444 185p.
AEI16 13p|BC213 10p|BF257 32p|OC41 15p|2N918 40p 115 | MpFi0s 31p | 1914  4p LPL7004 20 | BBIOS 25p
AFI17 13p|BC214 14p|BFR39 30p |OC42 15p |2N929 20p | 2N3704/5 2N3815 20p | iN9Is  6p | LED Low Noise | TRIACS
AFI18 50p|BC237 12p |BFR40 30p|OC44 1lp|2N930 18p e | 23820 57p | IN4i48 4p | TiL209 16p | Z0) e 100V 400V 500V
AT Up|ach W iara diock eI, lip ek, | inden e 2| 2 B0 G
AF124 P P P p P P 6 Am 88p 120p 150
AFI25 30p|BC307 I1lp|BFR80 30p (OC7i lip|2N1302/3 2N3707 llp §:§1§; 3:: R i LIACERHES DEATCRE |0Am§ |o9: |s4: us:
AFI26 30p [BC308 1lp|BFR8I 30p|OC72 llp 17p | 2N3708/9 ING459 3ip | L300 DIL L 99 | |gAmp 145p 180p 200p
AF127 ggp gg{% ::p §;§§3 ggp 82;3 ;gp 2N|304/51 1o | 283771 LM304 TOS5 .....ocoiiuiiinaenns 120p | Other
AF(39 P p P P p 40430 90p. 40486 75p.
AFI8] 45p |BCY7! 22p|BFX84 26plOC8I 12p |2NI1306/7 170p | MOSFETs HAED B cacseacaasacsasacaas 950 | 06es 950, e
AFi86 48p |BDII5S 55p |BFX87 20p|(OC82 12p 28p | 2N3772 3NI Pl ML723 DIL l4pin ...l 55p | DIAC. For use with above
AF239 38p | BDI2) 100p |BFX88 24p [ OC83 18p | 2N1308/9 180p | 3NI4I ;:P MFC 4060 PCB ..........cccoo..s 65p | ctriacs 21p.
BCI07 9p|BDI23 100p | BFY50 I14p |OC84 18p 28p | 2N3773 40603 e
BCI0  9p | BDI24 ¢5p | BEYS| Idp (OC200 50p|2NI613 20p | 220p 40673 56p | .MOS LOGIC ICs— | Fixed VOLTAGE REGULATORS
4 P P P | 2N P 66 70p NEW PRI Postive: 1 Plastic 200 mA (TOS,
BCII5 20p |BDI32 45p | BSXI9 16p|TIP4IA 65p |2N2218 21p | 2N3903/4 UJTs LOW PRICES 5V Mc7m?m$“p LM340-05 175p  — (ros
8CI35 17p |BDIS3 65p | BSX20 16p | TIP42A 70p | 2N2219 20p I15p | TIS43  26p 12V MCTB12 140p LM34012 175p 7812 90p
BCI36 17p|BDI156 60p [BSX2I 22p | TIP2955 70p | 2N2220 19p | 2N3905/6 2N2160 80p 15V MCT815 140p (M34015 175p 7815 %0p
BCI37 17p|BDY60 75p|BUIOS zzop ZTXI07 12p | 2N2221 20p 15p | 2N2646 34p 18V MCTB18 140p (M340-18 175p  —
BCI38 17p |BDY6l 65p|MI490 95p | ZTX108 10p | 2N2222 20p | 2N4058 15p | 2N4871 3lp 26V MCTB24 140p LM340.24 175p —
CA3046  Transistor Array........c.iiiieieiiiiiininaniais §5
TTL 74 SERIES INTEGRATED CIRCUITS | CA3M6  Transistor Aeray. e BiN DIl 550 ool el
7400  14p (7425  37p {7475  52p | LM307  Qp Am withint. comp .. . ..... 3% 12V MCT7912 . 24V MCT924
740} 15p | 7427 37p | 7476 37p | LM3%00 Quad ‘‘current mirror’ Amp.. .15p 15V MCT915
7402 150 | 7430 150 | 7480 &5p MC1312 4 channel SQ Decoder....... n .
p P MC3401 Quad Op Amp —ve rail onl 5p
7403  22p (7432 37p|7482  87p | MFC6040 Electronic Attenuator 80p OPTO-ELECTRONICS
7404 18p ( 7437 37p (7483 120p | MFC8070 Zero Voltage Switch.. 61p
7405 25p | 7440 20p | 7485 187p | NES36  FET Op Amp TO89. L192p 047 Al 154p | OCP70 ........ 61p ORP12 ..... S0p Red LED...... 18p
7406  41p|7441  75p|7486  4lp | NESS®  Timers PIN DIL.. ...50p | Sends.AE. forfull list ) OCPTI ... .. 450 ORPO ... s5p Green/Yell ...35p
7407 42p | 7442 70p | 7489  340p NE556 Dual 555 14 PIN DIL. . -.100p 2N5777 45p ORPS1 ..... SS5p
P NE560  Phase Lock Loop 16 PIN DiL.. ... .325p | ACCESSORIES: s s ¢ Read Out
7408  20p (7445 216p (7490  45p | NESS1  PLL with Am Demod 16 PIN DiL. 2800 | | even Segment Read Outs
7409 28p | 7447 95p | 7491  94p | NESs2  PLL with VCO 16 PIN DIL... 200p | LOW "'°‘:" DiL 3015F Filament DIL......coovuiiiuienniiinnen,
7410 15p|7448 90p|7492  68p | NES65  Precision PLL 14 PIN DIL..... 290p ockets by Texas =~ {MAN3M  AlILED .127in. PCB.
7412 30p | 7450 20p | 7493  48p E566  PLL Function Generator 8 PIN MAN-4 Al LED .18 in. DIL....
7413 30p (7451  20p (74100 200p | NESS7  PLLToneDecoder SPINDIL. ooty LITI4  Reflective Bar 3in. DIL..
7414 90p | 7460 20p | 74107 45p | 710 DI, Voltage Gomp 14 PIN DIL ... LIT707  Reflective Bar .3 in. DIL.
7416 33p (7470 30p | 74121 34p | 741 Op Amp with int comp 8 PIN DIL. 25p | Mica :T%%gfh“ ('°' LIT747  Reflective Bar.6in. DIL.......cccocuennne
7417 36p | 7472 30p | 74122 76p | 747 Dual 74714 PINDIL........... 0p 3 Dhitel 3 Digit Read Outs
7420 15p | 7473 36p [ 74i41 85p ;‘:‘“ ggFA;:’%rélgnae):'C:mpaPlND ?:" Data sheets on advert- | Blisdor Lens DIL......ooovueeiiinniionneneniiiiens 250p
7422 25p |7474  34p | 74142 200p | ici%0is  vCO Function Gen. {4 PIN DI L"’s ised .C.s ....10peach |Red Lens DIL..........cviuiiniinriiuinannannnnnns 185p
Minlmum Order £2 Ali goods brand new
P. & P.15p Vlal‘t;ors. by appointment, welcome. TECHNOMATIC LIMITED
Piease add 8% VAT to total Trade, Colieges etc inquiries welcome 54 SANDHURST ROAD, LONDON NW9 Tel: 01-204-4333

Switching problems?
Rely on Zettler.

rF’roducing 30 basic types
of relay and 15.000 variants
with regard to contact
stacks, terminals, energizing
current and contact
material, Zettler is among
the largest manufacturers
of electro-mechanical
components.

Our product range
comprises:

Low profile (flatform) -
Timing - Miniature - Low
contact capacity - Herme-
tically sealed - Stepping -
Mains switching - Latching -
Contact stacks - Solenoids

<

-

Miniature Relays
AZ 420...439

International standard relay.

2, 4, or 6 change-overs.

Plug-in type saves maintenance costs.
Coil voltages: 1.2 to 180 Volts D.C.

6 to 240 Volts A.C.

Life expectancy to 100 million
operations.

Balanced spring-held armature allows
operation in any mounting position.
Relay extends only %'’ from PC board
when used with right-angle SOCKSLJ

We resolve your switching problems rapidly and expertly. Please

contact us for further details.

ZETTLE

Equitable House, Lyon Road
Harrow, Middx. HA1 2DU, Tel. (O1) 8636329
A member of the worldwide ZETTLER electrical engineering group, est. 1877

Zettler
UK Division

ELECTRONIC

INDUSTRIAL THERMOMETER

THE MODERN WAY TO MEASURE TEMPERATURE
A Thermometer designed to operate as an Electronic Test Meter. Will
measure temperature of Air, Metals, Liquids, Machinery. etc., etc.
Just plug-in the Probe, and read the temperature on the large open
scale meter. Suppiied in zippered vinyl case with transparent front
and carrying loop. Probe. and internal 1} volt standard size battery.

Model “Mini-On 1" measures from — 40°C to + 70°C, price £17.50
Model “Mini-On Hi" measures from + 100°C to + 500°C, price

£20.00 (VAT. EXTRA)

Write for further details to

HARRIS ELECTRONICS (LONDON),
138 GRAY'S INN ROAD, LONDON WC1X 8AX

{‘Phone 01-837 7937)

WW-—158 FOR FURTHER DETAILS

WW—09%4 FOR FURTHER DETAILS
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1975
Brings you
Macnat

Following our spec-
tacular success at the
last Audio Fair, we have
been busily appointing a
select team of Hi-Fi Dealers
to distribute British-made
Magnatloudspeakersthrough-
out the United Kingdom and
other Worid Markets.
Eachretail outlet is being
carefully chosen to provide
you, the customer, with the
best possible sales and after-
salesservice, together with
good demonstration and

Wireless World, March 1975

From the TURBO (buiit-in power
amplifiers for low and high fre-
- quencies—375W music power
{ perenclosure—LED power
output display, two powerful
8" bass units, 2” dome mid-
range and 1”7 dome tweeter,
measuring approx. 10" X 12" x
25” high), to the TWIN (45W
power handlingin anen-
closure approx. 8" X 11”7 X
151” high) our six loudspeakers
offer a range of specifications
and sizes to suit every situ-
ation, all at realistic prices.

service facilities.
Magnat loudspeakers will be available
in February and we will be pleased to
advise you of your nearest stockist
upon receipt of the coupon below.

Each speaker carries-a no-
nonsense 3-YEAR GUARANTEE.

The days of refrigerator-sized loudspeakers are over.
Fill in the coupon today—bring a little Magnatism into your life.

| would like to know more about Magnat NaMIE e
loudspeakers. Please send me your 1975
brochure and price list. O AdAress ..o

| have your brochure, please send me the

address of my nearest stockist. O My present system consists of:

Amplifier/Rectifier ..............coo i

Magnat Sound Systems Limited Turntable ...
Unit ‘D’

St. John's Industrial Estate Cassette UNit ... ..
Penn

Bucks. SDEAKENS] e w03 Aoe nofoler 1ok a2 bebeRtwe Thm o o A 6relole b2 % S o §

www americanradiohistorvy com
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New Coursein Digital Design

Understand the latest :
developments in calculators,
computers, watches, telephones,

television, automotive instrumentation. . . .

Design of Digital Systems

A Self-Instruction Course in 6 Volumes

ComputerArithmetic

Each of the 6 volumes of this self-instruction
course measures 11%’" x 8%’ and contains 60
pages packed with information, diagrams and
questions designed to lead you step-by-step
through number systems and Boolean algebra,
to memories, counters and simple arithmetic
circuits, and on to a complete understanding of
the design and operation of calculators and
computers.

Boolean Logic

Memories & Counters

After completing this course you will have
broadened your career prospects and
considerably increased your fundamental under-
standing of the changing technological world
around you.

1
2
3 Arithmetic Circuits
A
3

Calculator Design

ComputerArchitecture

Also available — a more
elementary course assuming
no prior knowledge except
simple arithmetic.

In 4 volumes:

1. Basic Computer Logic
2. Logical Circuit

Elements

3. Designing Circuits to
Carry Out Logical
Functions

4. Flip flops and Registers

Offer Order this together
with Design of Digital
Systems for the bargain

£3l 95 ;’ngp price of £9.25.

Deéign of Digital Systems contains over twice as much

595

including packing and
surface post anywhere in
the world (VAT zero

rated). Payments may

be made in foreign
currencies. Quantity
discounts are available

on request. Total packaged
weight does not exceed 4Ib
—please allow enough
extra for air mail.

information in each volume as the simpler course, Digital
Computer Logic and Electronics. All the information in the
simpler course is covered as part of the first volumes of
Design of Digital Systems which, as you can see from its

If you are not entirely satisfied with Design of
Digital Systems or Digital Computer Logic and
Electronics, you may return them to us and your
money will be refunded in full, no questions
asked. '

*delete as applicable.
L No need to use a stamp—just print FREEPOST on the envelope.

contents, also covers many more advanced topics. [T~~~ == -———m————— e -
Designer These courses were written so that you could teach | To: Cambridge Learning Enterprises, :
Manager yourse_:lf the theqry and.::spplicatlon of digital logic. : FREEPOST, St. lves, Huntingdon, Cambs PE17 4BR. I
. Learning by self-instruction has the advantages of . .

Enthusiast  peing quicker and more thorough than classroom i *Please send me.....set(s) of Design of Digital :
Scientist learning. You work at your own speed and must : Systems at £5.95 each, I
Engineer respond by .answering question.s on each new piece 1 *or.....set(s) of Digital Computer Logic and ]
Student A e e (E20era (ERe =26l 6o 60 (et | Electronics at £3.95 each, |
: *or.....combined set(s) at £9.25 each. :

Guarantee_no risk to you : NAME.. e et eereaaes :
I AdAress........ooeeemeiiii e |

| 1

[} |

| !

! I
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GOSN POWER UNITS
3

SUMNERSGUIDE | [ 220
POWERSUPPLIES | i = -
:

-
~b 1 \Wantto lose weight? (up to 80%*)
': Trim off excessive dimensions?
wd (upto80% *)
=1 Increase efficiency? (up to 40% more *) Type VRU/30/25—F175.00 + 8% vAT
T B and save money doing it? Input 200-250V. 50Hz
"N | Then you need to digest our diet sheet on or 100-120V. 60Hz to order
«{ Mains Inverter (DOLS) type power supplies. Output 1:0-30V. 25A. D.C.
33 € lete, cut out and despatch the coupon Output 2:0-70V. 10A. A.C.
o] omp , cu ; p , p . Output 3:0-250V. 4A. AC.
)] or use the '‘Bingo Card’ for technical details
: -+ and prices. cher units are also available
b o b 5.;:172;7:’:/9[?! with some of our own conventional series regu OV—Vgg\(/)L;thts of:
{0 . ALL CONTINUOQUSLY
e , _ 0-120V 6A. v
- %ﬂﬂw 70044/ 0-240V 3A. VARIABLE
[SD WS f—  CISED WD MEED e ———— S —— —
1% % T‘ JTyTvT ‘ 7T l SEND FOR FURTHER DETAILS
=l f 1 2 OF THESE VERSATILE UNITS TO

.
VGIRGJIO LIMITED, BROWELLS LANE,

FELTHAM, TW13 7EN, MIDDLESEX.
TELEPHONE 01-890 4242

h.5V,1OAE’ o]

MODEL

-inTHIS panelsize!?

WW—110 FOR FURTHER DETAILS

Tell me more!
Please send me technical details
and prices of your

4-6V, 10A; 20A; 60A
8-12V, 5A; 10A; 30A

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

oD 16-24V, 5A; 15A models MODEL P28 £976  MODEL FBOTRO £2528
MODEL JPSD £11.58  MODEL AT45 £2152
0) MODEL BX 505 £2812  MODEL 380CE £2812
MODEL 360YTH £1528 MGDELNI01 £31.81
MDDEL U500X £15680 MODEL 460£D £35.89
Name - MOBEL A3DITRD £17.45  MOOEL EMBOD £81.06
MODEL MODEL K30 THD €240t MODEL R1000CB £1527
THESE PRICES ARE SUBJECT TG AN ADDITIONAL CHARGE OF 8% FORVAT.
U-50DX Cases extra. available for most meters. but not sold separatety.
Position Please write for illustrated leaflet of these and other specialised Sanwa meters
SOLE IMPORTERS IN UK.
B~ comvony QUALITY ELECTRONICS LTD.
'\‘ ! 47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. KT11LP

Tel; 01-546 4585

Address {
' WW—013 FOR FURTHER DETAILS
l
|

- SPEEDSERVICE

iy 1‘1,]1“?“1,1 A new service from one of the
0%%9%0 . rnELL INSTRUMENTS LIMITED largest United Kingdom exporters of
POWER SUPPLIES DIVISION .
‘0’ SANDBECK WAY, WETHERBY. YORKSHIRE LS22 4DH tllhes and semiconductors

TEL 0937 3541 TELEX 557294

AEL - GATWICK HOUSE - HORLEY - SURREY - RH69SU
WW—161 FOR FURTHER DETAILS Telex 87116 - Cables Aerocon Telex Horley - Telephone Horley 5353

WW—107 FOR FURTHER DETAILS
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Don't callus!

We'll call you!

We know how easily sophisticated
instruments can drift imperceptibly
away from standard. So, after we've
repaired, calibrated and returned your
equipment to you, we make a note to
remind you when a periodic check or
recalibration should be carried out.

Jogging the memory is just one of
thelittle, extra details that help to make
up the Bradley Repair and Calibration
Service ; but, of course we need to hear
from you in the firstinstance.

R & Cis a separate division of
Bradley Electronics with its own
20,000 sq. ft. factory next door to the
main London works. We've been
rejuvenating instruments for more than
20 years, during which time we've
handled virtually every type and make
in common use —- from simple meters to
complicated systems. We will tackle
anything in the frequency range DC to
18 GHz and return it to you ready
to plugin.

If you need authenticated
performance in addition to our normal

BRADLEY
electronics

PRP s w. a25

guarantee, our Standards Laboratory is
approved by the British Calibration
Service. It will supply calibration
certificates for AC, DC and RF
measurements. And our standards, of
course, are directly traceable to the NPL
and the National Bureau of Standards.

And just to add the finishing touch,
we will collectand deliver anywhere in
mainland Britain.

G & E Bradley Ltd
Services Division Sales
Electral House
Neasden Lane

London NW10 1RR

A Lucas Company
WW-—072 FOR FURTHER DETAILS

www americanradiohistorv com
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Stepper motors

Wireless World, March 1975

McLennan stock a wide range of stepper
motors and ancillary equipment, such as:—
Translator modules, Voltage control oscillators,
Linear accelerators, Compensator networks,
Pulse multipliers, Power supplies, Digital
indexers, Co-ordinate generators,
Gearboxes, linear actuators, etc.
These basic units, which are economicatty
priced, even in smaller quantities, can
be used to build systems to cater for
a wide range of applications. ,
Moreover, we can advise on
additional function units needed for
more specialised applications.
We also offer a complete
system design
and production
facility.

WW—084 FOR FURTHER DETAILS

SERIES-D

integrated circuit

power amplifier

TPA 50 - D Specification

Power Output
Freq Response

Total harmonic
distortion

Input sensitivity
Noise

Rise time

Price

100 watts rms into 4 ohms
65 watts rms into 15 ohms

20-1dB 20Hz to 20KHz into

15 ohms. -1dB at 150KHz

Less than 0-04% at all levels up to
50 watts rms into 15 ohms

OdBm

-100dB

2 u seconds
£70 plus V.AT.

100V Line (C.T.) and balanced inputs available.
For full technical information contact:

H||H ELECTRONIC

CAMBRIDGE ROAD, MILTON, CAMBS
TELEPHONE CAMBRIDGE 65945/6/7

STARWET

Spectrum Analyser
Module ST858

SPECIFICATION: Frequency range 10 MHz to 850 MHz in two
calibrated ranges Sensitivity Better than 50 mv for 0.5V per cm
Resolution Better than 25 KHz. Dispersion From less than 1 MHz
to 400 MHz variable Input Via 50 ohm BNC connector on front panel
Output 1 Coax cable for connection to Y input on scope Output 2
Coax cable for connection to sync. input on scope Power require-
ments 240 volts AC 50 Hz 10 watts. {Other voltages and frequencies
available as required) Size Width 11in {28cm.} Height 4.375in.
{11.2cm.) Depth 8.5in. {21.6cm.) Nett weight 7.5Ibs (3.4 Kg) Gross
weight 10ibs (4.5 Kg.)

For further details contact the sole distributors of
STARWET equipment:

CHILTMEAD L 1D

7-9 ARTHUR ROAD, READING, BERKS
(rear Tech College) Tel. Reading 582605

www americanradiohistorv com
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WirelessWorld

FULL COLOUR WALLCHART
OF FREQUENCY
ALLOCATIONS

80p

The wallchart shows the allocation of
frequencies within the radio spectrum
ranging from 3 kHz to 300 GHz and is scaled
on eight logarithmic bands contriving 156
main categories of transmissions which are
identified by colours. All the important spot
frequencies and ‘special interest’ frequencies
are marked. The information is taken from
the ITU and has been condensed into easily
read chart form. Measures 2’ 11" x 111",

P e el

ORDER FORM

To: IPC Electrical-Electronic Press Ltd.,
General Sales Dept., Room 11,
32 Stamford Street, London SE1 9LU

Please send me. copies of the
Wireless World Wa||chart of Frequency
Allocations at 80p each inclusive.

l enclose remittance value £.
(cheque/p.o. payable to IPC Business
Press Ltd.)

Name
(please print)
Address

£
——x _§ & _§ N & N _§ ]

Registered in England No. 677128
Regd. office : Dorset House, Stamford Street,
London SE1 9LU

I
I
I
I
I
I
I
I
l
l
l
I
I
I
d

"Make Ilghtwork

of wiring :
with the N[W“"

5> StLEADHESIVE

Countless uses in industry and offices

*QUICK AND EASY TO APPLY -

EVEN IN AWKWARD PLACES
*%SAVES DAMAGE TO WOOD AND PAINTWORK
*STICKS ON INSTANTLY : HOLDS WIRE FIRMLY

You'll save enormous time and trouble with the
new Brandauer adhesive staple. Just peel off the
backing strip and press staple into place. Then
bend clips over to hold wire firmly in position.
No messing with pins, tacks, soldering or
drilling. No damage to woodwork, e.g. skirting
boards. Use the Brandauer Staple for any wall,
frame or cabinet wiring jobs — it's wonderfully
easy for fitting in those awkward corners.

Send now for details to:

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

% SIX

\g

Y% SCALE FACTOR & REF LEVEL
(adjustable)

% 1nA to 1TmA OPERATING RANGE (std)
% TRUE LOGARITHMIC FUNCTION

% SCALE FACTOR SLOPE 1v per DECADE
% REF.
% ACCURACY + 0.25 db

% BUILT IN AMPLIFIER

% ANTI-LOG MODULE AVAILABLE

ancom It

Y BRITISH MADE
Y EX-STOCK DELIVERY

DECADES

LEVEL O Voits OUT for 1TpA IN

devonshire street
cheltenham, glos.
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forit

Time and again we are asked for reprints
of Wireless World constructional
projects: tape, disc, radio, amplifiers,
speakers, headphones. Demand
continues long after copies are out of
print. To meet the situation we have
collected fifteen of the most sought after
designs and put them in one inexpensive
book. And we’ve updated specifications
where necessary to include new
components which have become
available. A complete range of
instruments 1s presented, from the
Stuart tape recorder and Nelson-Jones
f.m. tuner, through the Bailey, Blomley
and Linsley Hood amplifiers, to the
Bailey and Baxandall loudspeakers
—some of which have been accepted as

standard in the industry. .

highfidelity
designs

£1 from newsagents and bookshops
or £1.35 (inclusive) by post from the publishers.
A book from

WirelessWorld

Youve asked

o e e s o S S S S o S S S S S S e e

I To: General Sales Department, Room 11, Dorset House,
| Stamford Street, London, SE1 9LU

Please send me e .COpY 'copies of High Fidelity Designs

at £1.35 inclusive. I enclose remittancevalue £....................

| (cheques payable to IPC Business Press Ltd.).

lNAME .
{please print)

l ADDRESS

l Company registered in England No. 677128
l Regd. office; Dorset House, Stamford Street, London SE1 9LLU
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New automatic digital bridge
fromWayne Kerr

WAYNE KERR

Wayne Kerr's new B300 is one of the best
value-for-money bridgesin the world.

Itis universal, has a wide range, and gives
immediate digitalreadout of resistive and reactive
terms-simultaneously.

On allten ranges, for every type of measure-
ment available, the displays provide a complete
indication of the numerical value (up to 19999),
polarity, decimal points and units—automatically
andinhalfa second.

Direct measurements of Q, dissipation and dc volts.
2,3, & 4-terminal. Automatic lead compensation.
4-Quadrant. +veor —ve C,L.1/C,GandR.
Overall coverage:

10uQ - 200MQ inH - 20kH

0.001pF - 20,000xF 10puU - 200vu
Accuracy: 0.1% (1002-200MQ),0.3% (10mQ-100)
in allquadrants. Frequency: 1kHz Outputs: Analogand TTL.

For more information phone Bognor (02433) 25811,

or fillin the coupon.

[m———————————————

| Please send me details of the B90O.

I For the attention of Mr

I Company name and address

WAYNE KERR

A member of the Wimot Breeden group.

.

WwW—March

Post to Wayne Kerr, Durban Road, Bognor Regis, Sussex PO22 9RL

_—_—_——_J
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THE NEW NELSON-JONES FM TUNER

PUSH-BUTTON VARICAP DIODE TUNING
(6 Position) CWW" JUNE 73)
Exclusive Designer Approved Kits

What are the important features to look for in an FM tuner kit? Naturally it must have an attractive appearance when built, but it must also embody
the latest and best in circuit design such as:—

MOSFET front end for excellent cross modulation pertormance and low noise.
3 GANG tuning for high selectivity.

VARICAP tuning diodes in back to back configuration for low distortion. PU
CERAMIC filters for defined IF response 1C STABILISED and S/C protected power supply.

INTEGRATED circuit IF amplifiers for re'llabiiily and excellent limiting/ AM rejection. CABINET double veneered against warp.
The Nelson-Jones Tuner has all of these features and many more, and more importantly the design is fully proven not just with a few prototypes but with many thousands

of working tuners spread across the world. { Typ. Specn: 20 dB quieting 0.75uV. Image rejection —70dB..F. Rejection —85 dU

PHASE LOCKED Stereo decoder with Stereo mute, see below
LED fine tuning indicators.
SHBUTTON tuning (with AFC disable) over the FM band (88-104).

Basic tuner module prices start as low as £12.96, with complete kits starting at
£26.95 (mono) + P.P. 65p. and of course all components are available separately.
Our low cost alignment service is available to customers without access to a
signal generator. Please send large SAE for our latest price lists which details all of
the many options and special low prices for complete kits. All our other products
remain available.

PORTUS AND HAYWOOD PHASE LOCKED DECODER (W.W. Sept. '70). Still the
lowest distortion P.L. decoder available. THD typically 0.05% (at Nelson-Jones
Tuner O/P level)! Supplied complete with Red LED.

Price £7.02 when bought with a complete N-J tuner kit or £8.29 if bought
separately (P.P. 21p.)

PLEASE NOTE. Existing tuners are readily convertible and kits/parts are available
for this purpose.

TEXAN AMPLIFIER. We have designed the tuner case and metalwork to
match the Texan amplifier {see photograph). Complete designer approved Texan kits
are available at £33.48 plus P.P. 65p including Teak Sleeve.

N EW LOW COST STE R E O TU N E R Available as basic or complete kits

No alignment required. Mullard LP1186 front end module used with Ceramic IF and
IC amplifier. Push button tuning (6 position) with Interstation Mute, restricted
range AFC, single LED tuning indicator, phase locked IC decoder, and complete
metalwork and veneered cabinet. Complete with IC regulated PSU and full assembly
instructions. (Mechanically identical to N-J Tuner.)

Basic stereo tuner £15 post free. -
Basic mono tuner £12 post free. : 1
6 position push button units with
integral pots £3.24.

TYP. SPECIFICATION .
2,V for 30dB S/N PRICE Complete stereo kit £28.42 B::gl_?fc‘}&%s
Image rejection 40dB Complete mono kit £24.19 WELCOMED

IF rejection 65dB VAT at 8% is included in all prices P. & P. 65p

INTEGREX LIMITED, P.0. Box 45, Derby, DE1 1TW Phone Swadlincote (0283 87) 5432 Telex 377106

FREQUENCYCOUNTERS] | =" " 15 EVISION CAMERA KiTS ™
| |
m TELEVISION CAMERA KITS .
HIGH PERFOHMANCE REASO”ABLY ] Complete kits are available for both ““Mullard” and “'P.E.” ]
PRICED ELECTRONIC INSTRUMENTS B design. Each kit includes a comprehensive construction [
| e i - @ m™anual, and a completely FREE technical back-up service |
s s%;} g gl L ] to ensure your success. VHF and UHF Modulator Kits also ™
PR ittt s wiciowrs = available to allow standard domestic T.V. to be used as =
o0 wHr SOUNTIR TiER TYPE 404 monitor.
B Al parts available separately. including a wide range of |
B lenses, vidicon tubes, special mains transformers and [l
[} focus/scan coils. Also available P.W. tele-tennis game. B
o, ™ Send 5” X 7” S.A.E. for full details or come along for a ]
- demonstration and a chat with our technical staff. m
e » CROFTON ELECTRONICS =
gl B 124 Colne Road, Twickenham, Middlesex TW2 60S. B
e TYPE 801 [ ] Tel. 01-898 1569. Telex 934642 Cadanac LDN. [ ]
. SESESEESEEEEEEEEEEEEEEEEEED
300MHz s Digits 10mv Sensitivity WW—105 FOR FURTHER DETAILS
a0 . 6
Stability 3 parts in 10" Crystal Oven.
Two tone blue case 1237 x 8" x 33" £285
J01M 32MHz 5 Digit £75 401 32MHz 6 Digit £115
501 32MHz 8 Digit £170 701 50MHz 8 Digit £180
m 80MH:z 8 Digit £190 801 M300MH: 8 Digit £285
amm 520MHZ 8 Digit £370 Memory versions available if not
Start/Stop versions plus £12 suffixed M £25 extra
101 1MHz 100KHz 10KHz Crystal Standard £80
103 Off/Air Standard £78
Supplied to and acclaimed by professional engineers for a decade
R.C.S.ELECTRONICS e ——
NATIONAL WORKS, BATH ROAD,
HOUNSLOW, MIDDX. TWa TeE T e
Telephone: 01-572 0933/4 Telex: 87116 (Aerocon Horley) - Cables: Aerocon Telex Horley

WW—026 FOR FURTHER DETAILS
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Linstead
Twin Stabilised
Power Supplies

I RADFORD)|

AUDIO MEASURING INSTRUMENTS

Each comprising:

Two powerful bench supplies.
Continuously variable.
Independently operable, or in series, or parallel.
Fully protected against overload and short circuit.
In one compact robust case.

LOW DISTORTION OSCILLATOR SERIES 3

A continuously variable frequency laboratory oscillator

| ¢ -1k . with arange 10Hz—100kHz, having virtually zero distortion
" i J 5 over the audio frequency band with a fast settling time.
mA
h Specification:
Frequency range: 10Hz—100kHz (4 bands)
"I"'-"‘“,‘:' e T Output voltage: 10 volts r.m.s. max.

ey . AR Output source resistance: 150 ohms unbalanced
] ; \ (optional 150 ohms unbalanced.
plus 150/600 ohmsbalanced/floating)

Output attenuation: 0-100dB (eight, 10dB steps plus
0-20dB variable)
Output attenuation accuracy: 1%
Sine wave distortion: Less than 0.002% 10Hz—10kHz
(typically below noise of measuring
2 x 0 to 20V O to 0.5A instrument)
with twenty 1 volt steps and fine Square wave rise and fall
control. £7 8 8 0 time: 40/60 n.secs.
‘é:':’::: s:;:"ymi‘::l‘s'l"y'sr'mmmmd . Monitor output meter: Scaled 0-3, 0-10, and dBV.
O D O A ' plus VAT Mains input: 110V/130V. 220V/240V )
Size: 17” (43cm) X 7” (18cm) high X

Current limiting protection.

83" (22cm) deep
Price: 150 ohms unbalanced output: £250
150/600 unbalanced/balanced floating output: £300

DISTORTION MEASURING SET, SERIES 3

{illustrated above)

A sensitive instrument with high input impedance for the
measurement of total harmonic distortion. Designed for
speedy and accurate use. Capable of measuring distortion
products down to 0.001%. Direct reading from calibrated

meter scale.

Specification:

Frequency range: 5Hz—50kHz (4 bands)

Distortion range (f.s.d.): 0.01%—100% (9 ranges)

Input voltage measurement

range: 50mv-60V (3 ranges)

ge’: ?’;‘:szh:;:;:&ns S Input resistance: 47K ohms on all ranges
Meters switchable for volts, . £ ngh pass fl!ter: L 2dB/oct§ve below 500Hz
0 to 100mA and 0 to 1A. 0 Power requirement: 2 X PP9,included.
Re-entrant protection. Pilot Size: 17" (43cm) X 7” (18cm) high X 82"
indication of overload. plus VAT (22cm) deep

Price: £200

LrriTEad

the best for less Now available in reasonable delivery time

BRITISH MADE BY LINSTEAD
Linstead Electronics, Roslyn Works, Roslyn Road

London N15 5JB. Telephone 01-802 5144 RADFORD LABORATORY

Ireland, Lennox Laboratory Supplies Ltd., 3-4 South Leinster Street

INSTRUMENTS LIMITED
Denmark, Scanfysik, 13-15 Mjorri de, DK 2100, Copenh

Sweden, EMI Svenska A/B, Tritonvagen 17, Fack, 17 19 Soina |
Norway, EMI Norsk A/S, Postboks 42 Korsvoll, Oslq 8 -
Malaysia, Laboratory Equipment Sdn. Bhd., P.O. Box 60, s‘}... Pahat Bristol BS3 2HZ

Benelux, A.S.E. Ltd., Nationalestreet 38, B-2000 Antwerp Telephone 0272 662301
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Eliminate
TV receiver
distortion with
Celestion TELEFI

TELEFI

At last you can enjoy TV entertain-

ment with the added pleasure of true

Hi-Fi sound. Telefi is a unique electronic invention which
picks up VHF from the TV and relays this through your own
Hi-Fi equipment. Telefi ensures crisp, full-range, distortion-
free reproduction of music and speech providing an improve-
ment over ordinary TV sound which will amaze you. Telefi
is safe and requires no permanent connection to the TV set.
Telefi is indispensable to the TV viewer who requires

Hi-Fi TV sound 4
"As selected for The Design Centre, London'.

LOUDSPEAKERS

Celestion Loudspeakers are
engineered to the highest
standard and provide super-
lative sound reproduction
The cut-away illustration
shows the high, mid and
bass speakers used in the
Ditton 44 Monitor, one of
the most popular loud-
speakers available to the
discerning listener.

A range of models is avail-
able to suit your personal
requirements, Celestion
Hi-Fi Loudspeakers carry a
five-year guarantee,

The Hadleigh loudspeaker, was
specially created to meet a public
demand for a high quality speaker
of compact proportions. Not a
difficult task for Celestion who
produce the most popular bookshelf
speaker ever (Ditton 15) — but we
set out not only to produce an
immaculate loudspeaker with a
sparkling performance, but to do so
at a budget price. For the enthusiast
seeking a really excellent Hi-Fi
system at reasonable outlay we
recommend without hesitation the
Hadleigh

Celestionm

Loudspeakers for the Perfectionist
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 8JP.

WW—059 FOR FURTHER DETAILS
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Pin and varactor diodes
for switching and tuning.

The types of PIN and varactor diodes listed here represent
only a small part of the total AEI capability which includes
devices widely used in both civil and military communications
equipment. A number are available as DEF STAN types to Nato
stock numbers.

With PIN diodes a wide range of silicon chips can be used in
anumber of outlines offering a large choice of switching speeds,
breakdown voltage and resistance-vs-current values.

As for varactors, our diodes can be supplied singly, or in
matched sets to a range of capacitance tolerances, breakdown
voltages and Qs etc.

PIN SWMITCHING DIODES Miniature Epoxy-Package Diodes

Cd Life-
Ve Re {max.} (max.) | time Rth High
Type No. |Package| (min) | ohmsatmA | at50v | (typ) | °C/W Rel.
v pF S types

DC1016 36 250 075at100} 07 1-0 40
50 at 5
DC1028A 08 250 1-1 atl00| 0-45 07 350

* available to DEF STAN speciftcation.
“* available to commercial High Rel. specification.

WIRE ENDED GLASS-PACKAGED DIODES

Re (max) | Cd {max)
Type No. Application Va at100mA at100v Tityp)
Volts ohms pF pS
DC2840E | General purpose 250 1-0 03 0-3
DC2825E General purpose 200 10 0-4° 0-3
DC2841E General purpose 200 1'5 04 03
DC2842E | General purpose 200 20 0-25 0-5
DC2843E | High speed 100 10 04 0-05
DC2844E | High speed 100 15 0-4 0-05
DC2845E | Long lifetime 150 35 03 15
DC2846E | Long Ifetime 150 25 04 07
*at—50v
VARACTOR TUNING DIODES
Approximate Q{—4V) at stated freq.
frequency of Ci(—av) Type No. Package
apphcation pF {add suffix!) Q F{MHz)
500 MHz 22 DC42558 500 50 35
to 10 GHz 22 DCA42658 550 50 00
2:2 DC42858 550 50 06
33 DC42568 450 50 35
33 DC42668 500 50 00
33 DC42868 500 50 06
47 DC42678 450 50 00
6-8 DC42108B 450 50 7
5MHz 15 DC4214B 400 50 7
to1GHz 27 DC42178 300 50 7
47 DC4225C 140 50 14
3MHz 68 DCa227C 120 50 14
to 100 MHz 80 DC4228C 100 50 14
1 MHz 100 DC42328 200 10 18"
to 30 MHz 120 DC42338B 200 10 18
150 DC42348 200 10 18
100 kHz 210 DC4298 1802 25 10
to 5 MHz 270 DC4232C 750 1 78
350 DC4299 2002 25 10°
350 DC4244C 500 1 78"

* available to DEF STAN specification. ** available to commercial High Rel. specification.
Notes: !Suffices A, B, C indicate MWV at 25°C of 30V, 60V, 90V respectively. Preferred
types shown, 2 Measured at —8V

For full details of the complete range please write to
AE! Semiconductors Ltd., Lincoln
Telephone: 0522 29992, AEI
or call in at your local distributor. CEMICONDUCTORS

Part of GEC Electrical Components Group.

Also immediatety available from: Black Arrow (Electronics) Ltd., Bristol (0272) 294313/ Coventry
Factors Ltd., Coventry (0203) 24091/ Farnell Electronic Components Ltd,, Leeds {0532) 636311/
LST Electronic Components Ltd., Chelmsford {0245) 69543/ W.S. McMillan & Co. Ltd., East
Kilbride 38641/ 4./ JVN Components, Bromley, Kent 01-464 1245 /T1 Supply Ltd., Slough 33411/
SDS Components Ltd., Portsmouth 65311
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This month’s cover picture shows
the inspection of printed circuits on a
Compariscope before assembly  at
Weir Electronics Ltd, Bognor Regis

IN OUR NEXT ISSUE

Video recorders survey

Review of techniques and
performance of small helical-
scan cassette and cartridge
machines now on the market

Using ferrite pot-cores
Basic inductor design for the
development  engineer—a
practical article well supplied
with graphical design data

75 years of magnetic
recording

The second part of this history
continues with the BBC steel
tape recorders and other
developments from 1920 to
1945

SIXTY-FIFTH YEAR
OF PUBLICATION
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The most remarkable feature of Telequipment’s DM64 Oscilloscope
is the value for money it offers.

Priced at £418* this dual trace storage 'scope features a storage time of up to one hour,
a bandwidth of 10MHz at 10mV /div sensitivity, X-Y operation by switching vertical
amplifiers, and a time base range of 2 sec/div-100ns/div in 23 calibrated positions.

With today's demand for first class equipment at economical prices, the DM64
from Telequipment fits the bill.

For full details please write or telephone TELEQUIPME Nm

Tektronix U.K. Ltd.,
Beaverton House, P.O. Box 69, Harpenden, Herts.
Tel: Harpenden 63141 Telex: 25559

* oxclusive of VAT Telequipment gives you more scope for your budget

TQ16 11/74
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Professional advice

The electronics engineer, along with other technologists, is used to the idea that he is
changing society through his inventions—computers, colour television, satellites,
automatic control systems and the like. In this respect he appears as a somewhat
sinister figure in a white coat, a modern Frankenstein, a creative force without respon-
sibility. But all this could be changed if Sir Frederick Catherwood’s idea of a “pro-
fessional forum” to help the country becomes a reality. This forum would be a group
of people representing all the professions which would advise the government on long-
term national problems after carrying out extensive study and research. By participa-
tion in such a group the technologist would be able to influence events in a much more
controlled and responsible way—as a human being concerned with the welfare of his
fellow men.

Sir Frederick, who is chairman of the British Institute of Management, says the
professions have an important role to play in Britain because they embody the know-
ledge of a society which is based on knowledge: “We cannot base our society on
capital—other countries now have more than we have. We cannot base it on labour—
there are thousands of millions of low-paid workers in the world. This small island,
importing half its food and almost all its raw material, can base its standard of
living only on knowledge. We are a knowledge-based society and we must forever
keep our knowledge a step ahead.” The professional forum could be a unifying force
in the country, counteracting the polarization of those two powerful organizations,
the TUC and té)e CBI. And it would try to remove from government what Sir Frederick
describes as the twin evils of “the art of the possible” and “the art of the next best
thing” in decision-making on issues which are fundamentally non-party political.

Many people no doubt will view with misgiving the prospect of a council of profes-
sionals acquiring power in the country. It smacks of a technocracy, which could be as
inhuman as she existing forces of capital and labour. George Bernard Shaw said that
all professions are conspiracies against the laity (in The Doctor’s Dilemma) and this
is true to the extent that they are composed of people who band together for mutual
support, sometimes for purposes which are against the interests of the rest of society.
There is a feeling in the bones of the average Briton that governing the country is best
entrusted to amateurs—hence our amateur Members of Parliament and our amateur
Ministers of the Crown. But when our average Briton wants some particular service,
e.g. brain surgery, he quickly changes his tune and demands the best professional that
¢an be found.

Fortunately it is now being realized that you cannot run a highly complex industrial
country without calling on the advice of those with spesialized skills and knowledge.
A scheme such as Catherwood’s professional forum is an admirable way of harnessing
these skills and knowledge to the needs of the country. And the electronics engineer,
with his knowledge of modern means of information processing, communication and
control, could well become an influential figure in the work of such an organization.
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75 years of magnetic recording

by Basil Lane
Assistant Editor Wireless World

The magnetic tape recorder has now,
almost everyday household sight and yet t
Compared to other components in the audio system,

through the medium of the Compact Cassette become an
his has only come about in the past ten to fifteen years.
the modern tape machine has had a history

that is full of intrigue, disaster, politics, espionage and even war-mongering. Aspects of the

technology have been discovered and re-discovere

d and the whole tale is laced with fascinating

human anecdotes behind which were some men of great inventive genius.

The story begins unexpectedly early and is
noted in a unique article by Peter Ford'
who, through careful research at the
British Patent Office, discovered that the
first projection of a magnetic recording (or
rather playback) device was described by
S. Tainter, Edison’s assistant in a
patent? dated August 29, 1885 and granted,
May 4, 1886. Ford notes that Tainter,
working on lines suggested by Edison
and carried out at the Volta Laboratory,
recorded in his notebook for March 20.
1881, “A fountain-pen is attached to a
diaphragm so as to be vibrated in a plane

parallel to the axis of a cylinder. The ink
used in this pen to contain iron in a finely
divided state, and the pen caused to
trace a spiral line round the cylinder as it
turned. The cylinder to be covered with a
sheet of paper upon which the record is
made. . . . This ink . . . can be rendered
magnetic by means of a permanent magnet.
The sounds were to be reproduced by
simply substituting a magnet for the
fountain-pen....”

Obviously these ideas did not work too
well, as the later patent application sug-
gested a rather different recording and

(b)

(e).

www americanradiohistorv com

replay technique. Here, it was suggested
that a standard hill-and-dale recording
be made either on a cylinder or disc
machine and from this master, a copper
electrotype is produced, which in turn is
used to provide a pattern for a mechanical
engraver. This cuts an iron disc or
cylinder, on which a prepared ridge has
been cut. The graving tool thus removes
varying amounts from the ridge. reproduc-
ing the original groove indentations in
repoussé form.

Replaying this remarkable record was
really quite simple and is illustrated in
Fig. 1, adapted from the original patent
drawings. A small needle of soft iron or
steel is attached to one pole piece of a
horseshoe magnet. The needle is also
enclosed by a coil of wire wound on a
bobbin. To replay the record, the tip of
the needle was brought close to the
surface of the rotating disc and main-
tained in its location just above the spiral
ridge. Since the disc and its integral ridge
represent an iron path for the flux between
the pole pieces, the varying distances of
closure produced by rotating the engraved
ridge beneath the needle, would produce
flux changes in the needle and coil. The
generated electrical signal would then be
reproduced by the telephone earpiece.

There is no evidence to hand to suggest
that any of these machines were made, or
even worked, but it showed that the
inventors of those days certainly had very
lively minds that ranged beyond the tech-
nology of the period.

Father of magnetic recording

Although Tainter’s ideas were not com-
pletely oriented to both recording and
replay by magnetic means, the next

Fig. 1. The magnetic replay system
patented by Edison’s assistant, Sumner
Tainter.


www.americanradiohistory.com

m

Wireless World, March 1975

“account of a man thinking about the
subject is the well-known article by Oberlin
Smith® published in 1888 and titled
“Some possible forms of phonograph”.
Here Smith proposed the development of
a machine to spin metallic dust into a
cotton thread which could then be used as
a carrier for magnetically recorded sound.

There then followed one of those odd
quirks of technological development in
general—a major step forward, but up
what was eventually to prove a blind
alley. One year after Smith wrote his
article, the 24-year-old Dane, Valdemar
Poulsen, became a student and a year later
obtained his first university degree.
Madsen, in a potted biography* of this
engineering genius mentioned that Poulsen
was to fail his entrance examination to the
Polyteknisk Laerenstalt in Denmark—
the Technical University—due to a weak-
ness in mathematics.

In 1893 he joined the Copenhagen
Telegraph Company as a mechanic and
worked in the fault-finding workshop.
He apparently discovered the magnetic
recording principle in that same year, by
the very simple experiment of moving an
electromagnet along a wood chisel, so
strictly speaking one could say that this
is the 82nd year of magnetic recording.
During the ensuing years Poulsen de-
veloped his ideas and finally on
December 1, 1898, obtained a Danish
patent® for the device that was to become
so well known as the Telegraphone. The
British patent® followed in March 1900
together with many others covering the
same idea in most European countries,
Russia and America. References to most
of these early patents are given in the US
Patent’.

This early machine is shown in Fig. 3,
adapted from the original patent drawing.
It consisted of a vertical fixed cylinder (A)
upon which a helix of steel wire has been
wound.

Suspended from the outer frame is a
stirrup (B) which can be rotated by a
clockwork motor in the base, the speed of
rotation being regulated by a simple brake
just inside the top of the cylinder. Mounted
on one side of the stirrup is the recording/
replay head assembly, which is free to
slide up and down the stirrup. When
stationary, the head is out of contact with
the wire and rests at the bottom of the
stirrup.

To operate the machine, an electro-
magnetically operated brake (C) releases
the clockwork drive which spins the
stirrup round the cylinder via a gear drive
just below the drum. The head is brought
into contact with the wire by centrifugal
force operating on a bob-weight mech-
anism (magnified view) attached to the
head assembly. Since the head consists of
a horseshoe electromagnet, or alternatively,
two independent contiguous magnets the
tips of which are shaped to fit over the
wire, the whole head assembly is drawn
up the stirrup by the guiding action of
the wire helix on the drum.

When the head assembly reaches the
top of the cylinder it breaks an electrical
contact, releasing the electromagnetic

Fig. 2. Valdemar Poulsen, the “‘father”’
of magnetic recording. He was also
responsible for many other inventions
including the Poulsen arc generator used
Jor spark gap radio transmission. (Photo
courtesy Philips Gloeilampenfabrik.)

brake which stops the clockwork motor.
With the effect of the centrifugal force
removed, the bob-weight on the head
assembly drops, allowing the head to be
withdrawn from the wire by a spring (D)
and, in turn, permitting the head assembly
to slide down the stirrup guide, under the
force of gravity, to the rest position. The
machine, it would seem, was regarded as
being suitable for use as a telephone
answering device and was connected to the
normal telephone set.

Although the machine illustrated never
appeared commercially, a horizontal ver-
sion looking rather like a phonograph

Fig. 3. An elevation of the Poulsen
telegraphon taken from the original
patent drawing. Enlarged view of the
bob-weight in plan view, used to
centrifugally contact the record head

'!T

(Fig. 4) was produced in 1900 in com-
mercial quantities, the first models having
been displayed at the Paris Exhibition in
1900. Other important features certainly
mentioned in the British patent are the
possibility of using steel tape fed from
a reel, a disc of magnetizable material,
or a sheet or strip of paper or other
insulating medium covered with a magnet-
izable metallic dust—shades of Oberlin
Smith! Erasure was to be effected by
using d.c. from a battery passed through
the recording head while it travelled over
the steel wire on a separate pass. A second
steel tape machine using the same principles
is illustrated in the patent and bears a
remarkable resemblance to a machine
attributed to Mix and Genest* and made
in Berlin in 1900.

Either these patent applications pro-
duced a resulting development by others
or, working on parallel lines, submitted
patent applications coincidentally in the
same year as Poulsen. But it is certainly
a fact that the Mix and Genest machine
was reported in 1900 and a George Kirke-
gaard filed a patent® application for a
“telephonograph” using similar principles
on November 18, 1899, followed by another
application from P. O. Pederson® on
June 21, 1901 and then from W. A.
Rosenbaum'® on June 22, 1901.

The Pederson patent is interesting for
two reasons, first that it concerns new
magnetic carriers consisting of iron,
nickel or other magnetizable materials
plated onto a wire, disc or drum.
Secondly, it is interesting because Peder-
son took up a partnership with Poulsen
at about this point, subsequent patents
often bearing their joint names. The
Rosenbaum patent was intended as a
development of Poulsen’s principles, as the
latter patent is referred to. The idea
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was not taken up commercially.

Recognition, development

From 1900 onwards there followed a
period of intense activity with great
efforts being made by Poulsen to gain
recognition for his invention. A model
was shown at the Paris Exhibition in
1900, this being reported in a number of
journals in America and Europe'"'%. It

was at this exhibition where the machine -

won the Grand Prix and gained the
attention of Emperor Franz Joseph of
Austria who made a recording at the
exhibition, which survives to this very
day. Companies to exploit the invention
were later formed, appearing simultane-

ously in Denmark as the Dansk Tele-
grafonen Fabrik A/S and in the US as the
American Telegraphon Company, in the
year 1903. A British company was also
formed which was to suffer a similar
fate to all the Poulsen companies, final
death through lack of commercial sup-
port, shortage of funds and failure to
successfully appeal against a refusal to
renew the expiring British patents. Both
Ford' and Mooney!? report a sorry tale
of missed opportunities and even intrigue,
mentioned in a little more detail in Begun’s
book . However, although it was com-
mercial factors that dictated the pattern
of success, this short history is intended
to document the technological develop-
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ments and these did not stop.

The early telegraphone produced a
transverse, “bipolar” recording, that is,
the pole pieces of the record head were
arranged to be diametrically opposite to
each other, on each side of the wire or
tape. The recording process would there-
fore produce areas of magnetization within
the material that could be described as
being transverse and having both a N
and S pole across the thickness of the
wire. However Poulsen and Pederson dis-
covered!® that this had disadvantages at
high speeds and small wire diameters,
when self-demagnetization caused a con-
siderable reduction in sensitivity. By
staggering the position of the two-pole
pieces along the direction of travel an
inclined field was recorded with a subse-
quent improvement in performance.

Up to mid-1902, the recording method
had been somewhat crude and involved
no amplifiers. For that matter the
telegraphone was never teamed with an
amplifier commercially, although it seems
that Lee de Forest, the dnventor of the
Audion valve, did successfully experiment
along these lines with a machine borrowed
from the American company. One big
improvement did appear in 1902, how-
ever, this being the principle of d.c. bias'®
to reduce distortion and improve sensitivity,
the patent being finally granted in 1907.

Later in 1902 a more advanced tele-
graphone appeared'’, being essentially a
long-playing machine with a form of
footage counter and a more complex
remote control facility. Again, this
machine was intended for use as a tele-
phone recorder but also as a dictation
machine. An amusing point is that that
machine could be made to stop at any
predetermined point using the footage
counter and adjustable indexes—an early
version of the “memory counters”
recently introduced on modern machines
and claimed as a modern innovation!
Recording time was said to be 30 minutes
with a capability for larger wire spools
to be fitted.

In 1903, Poulsen filed yet another
patent application'®, this time relating to
the use of iron drums, cones or discs as
the “carrier” of the magnetic record. A
disc machine was produced and has been
illustrated* (Fig. 5) and there were later
copies by other companies such as EMI.
This idea was quite interesting for it
introduced the idea of recorded “tracks”
adjacent to one another on a continuous
magnetizable surface. Of course, in this
instance the adjacent tracks were simply
parts of a continuous helical or spiral
recording. Poulsen noted that reducing
the size of the recording head pole tip
made it possible to increase the recording

Fig. 4. A commercial version of the tele-
graphon, circa 1900. The electrical drive
motor is not shown. (Photo courtesy
Philips Gloeilampenfabrik.)

Fig. 5. The disc form of the telegraphon
which appeared after 1903. (Photo
courtesy the Science Museum.)
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density by increasing the effective length
of the recording time for a fixed speed.
Although Poulsen’s companies were
dogged with troubles, the telegraphone
found service with the British Post Office,
the War Office and the US Navy right
through World War I, but by the end of
the war the Poulsen telegraphone seems
to have commercially died. Thus, a chapter
in the story of magnetic recording closed
leaving the “Danish Edison” with a firm
claimto be the father of magnetic recording.

The press agent of magnetic recording
Magnetic recording entered into a period
of stagnation after World War I and
perhaps this is why two quite important
patents taken out in 1918 and 1921
remained unnoticed and unsung for many
years. The first of these was filed by
Leonard F. Fuller!® and suggested the use
of a high frequency alternating current
for erasure followed by a patent application
in 1921 by Carlson and Carpenter? for
the use of a.c. bias on a wire telegraphone.
The same patent links the machine to the
audio output of a wireless circuit which
must represent the earliest example of
off-air magnetic recording.

Not to be overlooked, was the fact that
on the domestic front the disc and phono-
graph were advancing into the home
entertainment field, making it much more
certain that any rebirth of magnetic record-
ing was to be at a professional level and
was to require something of an entre-
preneur.

A man who, in the 1920s and for some
little while on, was to fulfil this role and
even acquire the appellation “the press
agent of magnetic recording” was Dr Kurt
Stille?’. \He was a German subject who
formed, in the early 1920s, the Telegraphic
Patent Syndikat, whose object it was to
obtain the rights of various magnetic
recording patents—and also originate some
of its own—and license these out for com-
mercial exploitation. One of the earliest
patents taken out by Stille* was applied
for in April 1922 and described a telegra-
phone that used steel tubes as the carrier,
in a similar fashion to the drum machines
described by Poulsen in his 1903 patent.
Mooney ', in his chronological listing of
events, suggests that Stille marketed a
modified version of the Telegraphon in
1920 in Germany, and it may well have
been this that gave him the ideas for his
later patent. Also in 1920, he mentions
that a subsidiary of the Stille organization
called Ecophone Co marketed a wire
recorder called the Dailygraph, intended
primarily as a dictating machine.

A "more important development was
contained within a second early British
patent secured by Stille?* which described
amethod of producing sound, synchronized
with a moving film. Up until then, the
so-called “talkies” had been produced
using synchronized disc recordings. The
new technique involved the use of per-
forated steel tape driven by a sprocket
which could easily be synchronized with
the sprocket drive of the film projector.
Also contained within the patent are
suggestions for recording separate parallel

tracks using separate or stacked record
head cores, and even methods for remote
control of the projector using recorded
impulses on a pilot track. Although the
idea of synchronized magnetic recorders
for film sound was not new, an earlier
patent having been secured by H. C. Bullis?*,
Stille was the first man to indirectly
demonstrate the idea successfully.

Pursuing the principle of licensing
patents out for further development,
Stille sold the rights of his machine to
Louis Blattner who had formed the Blattner
Colour and Sound Studios at Elstree near
London. By 1929, Blattner had produced
his first practical machine which was
presented to the Press on October 18,
1929 and reported in The Electrician®
as follows. “A system of making and re-
producing sound records, which seems
to be destined to supersede the old system
employing discs or cylinders, was demon-
strated last week to pressmen and others,
by Mr Louis Blattner, at the Blattner
Colour and Sound Studios, at Elstree.
The nucleus of the. new system, which
is now ready for commercial exploitation,
was discovered some 40 years ago; Dr
Kurt Stille began to work upon it 25 years
ago, and the Ludwig Blattner Picture
Corporation of London and the Tele-
graphie Patent Syndikat of Berlin have
recently conducted laboratory and studio
work which has resulted in bringing the
system to a stage which indicates that the
invention  will probably revolutionize
present-day practice. . . .

“The items in the demonstration referred
to included a reproduction of a monologue
recited by Mr Henry Ainley, whose enun-
ciation was faithfully reproduced, and a
‘talkie’ picture of Miss Ivy St. Helier,

.who sang, to her own piano accompani-

ment, and concluded her perfomance with
an amusing talk. This picture was very
realistic, and the sound record was
distinct and well synchronized.

“The most intriguing application of the
invention demonstrated, however, was its
use as’a recorder of telephone conversa-
tions. A conversation through the Post
Office exchange system was recorded,
and afterwards heard, completely and
clearly, through the hand-set attached
to the instrument.

“Records can be repeated in this manner
immediately = after the short interval
necessitated by the running back of the
wire.

“Performances of instrumental music
were also given in the studio, and the
advantages afforded by the ability of the
apparatus to give an accurate and
immediate play-back were again realized.

“Many uses of the recording telephone
will readily suggest themselves, such as
its utility as a dictating machine, a
recorder of messages in the subscriber’s
absence, a ‘file’ of conversation for use
as evidence, and the teaching of languages
and scientific and other lessons in schools.

“It is stated that research work in pro-
gress at the Stille Laboratories, Berlin,
includes the electromagnetic fixing and
reproducing of optical signs on steel tape
as a substitute for television.”
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The machine, called the Blattnerphone,
was bought by the BBC,thoughitis believed
that the particular form used employed
a sprocketless tape. Incidentally, the
first public broadcast made using this
machine seems to have been when Lord
Reith opened the Empire Service of the BBC
in 1932. It must have been quite horrifying
to operate, since the steel tape passed
through the machine at quite a high speed
and a reel of tape was of considerable dia-
meter. In the early machine, speed was
manually controlled by observing a tacho-
meter and breakages of the steel tape could
cause considerable damage to anyone or
anything nearby.

Steel tape machines were to become
most important in broadcast organizations
before World War II and shortly after
Blattner’s demonstration, the Marconi
Company bought out the Blattnerphone
and developed the Marconi-Stille steel
tape machine.

However, it is around this time that we
begin to move into a period of technology
involving electronics—an aid which was
never enjoyed by the telegraphone. And
that, as they say, is another story—to
appear in the second part of this article.

(To be continued)
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Research
Notes

LDEs—not from alien
space probes

A communications scientist, Mr Tony
Lawton, has been taking a careful look at
the theory that long-delayed echoes
(LDEs) of radio transmissions come from
an alien space probe in the orbit of the
moon. LDEs were first reported in the
1920s during the trials of a short-wave
transmitter which later became part of
Radio Hilversum. Many other occur-
rences were noted, some by researchers
at King’s College, London, and some at
what is now the Appleton Laboratory.
They are believed still to occur but are
now much more difficult to detect because
of all the man-made noise on the short-
wave bands.

In 1960 it was suggested that an alien
probe was relaying the transmissions in
a way designed to attract attention to
itsell. In 1973 Lunan claimed that a
time-analysis of the delays could be inter-
preted as a star chart indicating the
source of the probe.

Lawton’s explanation is less romantic,
but interesting. It rests on the assumption
that the ionosphere occasionally extends a
lot farther into space than is usually
assumed, or at least that there are areas
of ionization at about the moon’s orbit.
The records of LDEs are nearly all con-
sistent with the presence of ionized matter
at one special area, near the so-called
“trailing Lagrange point” 60° behind the
position of the moon. This is one of three
points in space where the earth’s gravita-
tion and the moon’s gravitation cancel
one another. There is obviously such a
point somewhere along a straight line
between the earth and the moon, but this
marks the top of a “gravitational hill”.
Matter placed there would be in unstable
equilibrium and would run down to the
earth or the moon. The other two zero-
gravity points, the Lagrange points, one
ahead of the moon and one behind it, are
at the bottoms of gravitational valleys.
Matter put there would tend to stay in
place. (It would also tend to get ionized
by radiation from the sun.)

Lawton thinks that matter occasionally
gets swept into the trailing Lagrange area
to form a sort of mini-ionosphere. Radio
waves impinging on the area could then be

subject to known ionospheric actions
which could account for the LDE pheno-
menon. The actions are similar to those
which give rise to “whistlers” (Lf.
radio noises triggered by thunderstorms).
The arriving radio wave creates a plasma
shock wave. This travels slowly through
the ionized region, getting amplified as it
goes along. These effects could account
for both the delay times and the strength
of LDEs. The shock waves are recon-
verted to radio waves before returning to
the earth. Delays of up to several days are
theoretically possible.

Dielectric waveguide
materials

The possibility of conducting microwaves
through dielectric guides (on the lines of
fibre-optic guides for light) has been
known for many years. The problem has
been to find dielectric materials with low
enough losses to make the system practic-
able. It now looks as if the answer may
lie in ordinary plastic materials such as
polythene and polypropylene prepared in
an unusual way. If these materials are
fabricated as castings rather than the
usual extrusions and mouldings they show
much reduced absorption of millimetric
and far-infra-red radiation.

Gravity waves: more
problems for detection

When crystalline solids are subjected to
stress, changes occur in their micro-
structure which give rise to acoustic
vibrations. Quite small stresses can
produce outputs, so that a large mass of
metal, say, will produce outputs under the
influence of the internal stresses caused
by its own weight.

This is bad news for would-be detectors
of gravity waves from space. Until now
these experimenters have used anti-
vibration mountings for the large lumps
of aluminium which are the basis of their
detection systems, and hoped that any
audio frequency resonances detected in
the masses were the result of incoming
gravity waves. It now appears that the
microstructure of worked aluminium is
likely to promote audio outputs due to
internal stress which are on just the
frequencies used in some gravity-wave
detectors. Future attempts may have to
make use of carefully annealed metal
masses with resonant frequencies selected
to keep clear of likely microstructure
resonances.

Nature, vol. 252, p. 639, 1974.

Optical fibre modulators?

Glass optical fibres with cores of the
non-linear optical material meta-nitro-
aniline in single-crystal form have been
made at the Post Office Research Depart-
ment. These fibres act as efficient
polarizers and it is hoped that further
work will yield low-frequency fibre-optic
modulators.
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At last! The solid-state
radio valve

When transistors were invented it occurred
to various people that the way seemed
open to the making of an exact solid
equivalent of the triode thermionic
valve. Such_a device would use an emitting
junction layer in place of the heated
cathode; on top of this would be a “grid”
layer to control electron flow; then an
insulating layer to correspond to the
grid-anode spacing of the vacuum triode;
and finally a collecting contact correspond-
ing to the anode. ‘

‘Something rather like this has appeared
from Westinghouse Research Labora-
tories, in the form of the “vertical m.o.s.
transistor”. Its performance figures are
good: 1.2W output at 700MHz, with a
prospect of SW at 4GHz. And it’s said to
be relatively cheap to make.

Insect tracking by radar

Dr Glyn Schaeffer of Loughborough
University, well known for his work on the
tracking of birds by radar, has been
turning his attention to insects. It has
proved possible to track a single locust at
two miles and determine its sex at one
mile from the fact that the male’s wings
beat faster than the female’s. Other agri-
culturally important insects which can be
tracked are the cotton boll-worm moth
and the spruce bud-worm moth. One
surprising finding is that many insects
migrate every night by flying down-wind
for anything up to 200 miles.

Locusts, when they fly in swarms, con-
centrate in long lines which move through
the air like an advancing army, on a front
over 100 miles long but only one mile
deep. This moving swirl of insects, or
“line vortex”, can be tracked at long
range and might be attacked by laying,
from aircraft, aerosols of insecticide in
its path. Wind-tunnel tests show that
when an insect flies through such an
aerosol it. picks up a lot more insecticide
than it does when it is sitting on a crop
plant which is sprayed. Thus the amount
of insecticide needed for an airborne
aerosol attack may be very small.

Tailpiece
The appearance of a handsomely coloured
parrot on the cover of Nature, with the
corresponding title page entry “Pupils
of a talking parrot”, sent readers hurrying
to the article, where they found, not a
report of parrots teaching humans, or
even other parrots, but a lot of close-up
pictures of the eye of the researchers’
parrot Seraphita, each photo with an inset
oscillogram taken at the same time. This
data showed quite clearly that Sera-
phita’s pupils contract when she speaks.
The significance of this is as yet unknown,
but the researchers hint at the possibility
of “neural crosstalk”.

Nature, vol. 252, p. 637, 1974.
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Noise—confusion in more ways

than one

1—Thermal noise and terminology

by K. L. Smith
University of Kent at Canterbury

Random fluctuations at the limit of sensi-
tivity of radio- receivers, amplifiers and
other instruments that process tiny signals
have become ever more significant in
recent times. Because no single number
exists for complete characterization of a
system or device under all conditions,
difficulties and confusion often arise when
the quantities which have been suggested
are misunderstood and used incorrectly.
The ideas of the noise figure and noise
temperature are discussed in this four-
.part article, with practical hints on how
they can be measured with a good
chance that the values obtained will bear
some approximation to the truth. At first
sight, the many special terms seem to have
little - in common: this first article looks
at some of the basic ideas.

While sitting on the banks of our lake
in the woods near the University Elec-
tronics Laboratory, the students’ group
discussion turned to noise. Not the airport
or motorway sort—nothing could have
been further from our thoughts, in the
rather idyllic setting we are fortunate
enough to have. Lest readers become
incensed at this point with visions of lazy
good-for-nothing students sitting about
and are tempted to demand their taxes
back from the Exchequer, I hasten to add
that we were working—quite hard, trying
to sort out a little order in that maze of a
subject, electronic noise and its effect on
the ultimate sensitivity of communications
systems.

At one point in this discussion I asked,
“What temperature would you observe
using a microwave receiver whose horn
aerial was pointing up at the clear sky,
with the waveguide plumbing at around
room temperature?” A quick reply was
forthcoming, “Oh, about 300K”. Such a
high value for the received temperature of
a system forming the subject of my ques-
tion was incorrect and I said so. “What is
it then?” was asked and I replied “Around
10K”. “What, within a few degrees of
absolute zero and the waveguide at
300K!” chorused back.

This serves to illustrate one of the first
elementary fallacies found in the subject
of noise in systems—that the temperatures
everyone talks about must have some-
thing to do- with physical temperatures.
Following the line to show up this fallacy,

I then pointed to another part of the sky
and said, “Over there the same receiver
could register an aerial temperature up to
perhaps 10,000K”. I was indicating in a
direction towards the sun, of course.

The point is that the receiver measures
the source effective temperature, not the
actual physical temperature of the aerial
components. To help drive the point home,
the question was raised as to the tempera-
ture that would be seen if the horn
“looked down” at a sheet of metal on the
ground, which was therefore at the
physical temperature of the earth (in other
words, about 300K). The answer is the
same as before, 10K.

The metal is so nearly a perfect reflector
at centimetre wavelengths, that it is
simply the sky that is seen. The sheet of
metal hardly absorbs any r.f. signal
power, therefore it hardly radiates any
energy, even though it is at about 300K.
The metal is anything but the “black
body” of Max Planck, radiating at
300K. As it is such a poor absorber it is
a very poor emitter indeed, its effective
emission temperature probably being
around a hundredth of a degree or less.

The noise figure muddie

The debate around the lake came to an
end at this point, and with parting
reminiscences of black bodies and Kir-
choff’s radiation laws reminding us that
we had studied a little physics in the dim
and distant past, thoughts turned to how
much we owe to thermodynamics for the
ideas which have enabled us to realize the
ultimate limits of small-signal reception
and to build low-noise equipment for
handling the tiny signals near these limits,
so often part of modern radar, satellite and
radio-astronomical systems.

When looking at noise problems in
communications one finds that mis-
conceptions and confusion abound in the
subject. Even the professionals cannot
agree. William Mumford and Elmer
Scheibe! noted that no less than nine
definitions of “noise figure” exist in the
literature, so pity the poor student or
junior engineer! Then we have all that
talk about “temperatures”. It is worth
noting the range of quantities and concepts
that exist around the subject of electronic
noise, so that as these articles proceed we
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stand a good chance of stripping some of
the fuzziness away from these ideas and
show how they relate and how some of
them have arisen.

A cursory glance into the literature
always turns up the well-known quantity
F, the noise figure. Or is it noise factor?
It was H. T. Friis® who defined and
named F the noise figure. D. O. North
defined what amounted to the same thing
in a paper published at about the same
time, only he called it noise factor. There-
fore noise figure and noise factor have the
same meaning. One meets F as a simple
ratio or as 10log,, F (i.e. noise figure in
decibels).

The concept of excess noise figure is
met. It turns out to be simply F— 1. The
spot noise figure is the figure defined at
one frequency, whereas the average noise
figure, sometimes written F, is that effec-
tive over the whole bandwidth under
discussion. A concept which may come
into more general use is the operating
noise figure, F,, defined by Dr North as
long ago as 19423 .

Turning now to the idea of using abso-
lute temperatures to discuss noise perform-
ance, one finds a bewildering array of
signs and symbols, but paradoxically,
working with temperatures is actually
more straightforward than the confusing
noise figure muddle. If the common use
of noise temperatures. had developed
before noise figures as a concept, we may
have been saved the duplication. Tem-
perature is fundamental, being related to
(thermal) energy and power. Noise tem-
peratures are especially convenient when
dealing with low-noise receivers and
amplifiers, and the use of noise tempera-
ture is slowly taking over as a parameter
in performance measurements.

Other than the concept of a general
noise temperature (represented by Ty, T;,
etc.) one finds in particular the aerial
temperature, T,; the effective input noise
temperature, 7T,; a standard reference
temperature, T, (we shall see that everyone
has agreed to 290K for 7,, after some
persuasion by the American IEEE). There
is the excess noise temperature, which
turns out to be Ty—T,, or the number of
degrees in excess of 290K, the standard
room temperature. From this, a quantity
known as the excess noise ratio is obtained,
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(Ty—T,)/T, , which is written ¢— 1,so that?
is the noise ratio, Ty /T, . Finally, thereisthe
concept of an operating noise temperature,
T,,. Sometimes the system noise tempera-
ture, T, is used instead of T,, in some
articles.

The fact that there has been this pro-
liferation of concepts and quantities,
shows that either there are hidden subtle-
ties in the subject, or that some of the
definitions are unsatisfactory, or both.
Even so, there are one or two other
definitions that are vital to an understand-
ing of noise problems, but they are much
more general and useful in other contexts
as well. These are the ideas of the avail-
able power from a source and the related
available power gain of an amplifier stage.
(Or loss, if the gain is less than one, as in
an attenuator.) Noise and signal band-
widths (By and B, ) are also of importance.

Thermai agitation

Ever since the fall of the old caloric theory
centuries ago and the subsequent rise of
the mechanical theory of heat as the
energy of the random jostling of the mole-
cules in substance, it was suspected that
the warmth of an object might set the limit
to the accuracy of measurements on it.
This was found to be so in examples like
the Brownian motion and the jumping
around of the light spot of very sensitive
galvanometers.

Thermal noise in electronic devices has
received a great deal of attention since
the theoretical discussion of H. Nyquist®
and the experimental work of J. B.Johnson®
was published in 1928. You can follow this
up a little in Cathode Ray’s articles,
“Heads, Tails and Noise™® and, “More
about Noise” of some time ago. It is
worth quoting a few opening remarks from
J. B. Johnson’s paper: “. .. a phenomenon
has been described which is the result of
spontaneous motion of the electricity in a
conducting body. The electric charges in
a conductor are found to be in a state of
thermal agitation, in thermodynamic equi-
librium with the heat motion of the atoms
of the conductor. The manifestation of
the phenomenon is a fluctuation of poten-
tial difference between the terminals of
the conductor which can be measured by
suitable instruments. . ..” The value of the
mean of the voltage squared is found to
be

v =4kTR(f,—/})
and the power

i
=—=4KkT{; —/})-
K 4k, —/1)

For an amplifier operated at room tem-
perature and covering the approximate
voice frequency range of SkHz, this
power is 0.82 X 106 watt.

We have here the fundamental equation
for the open-circuit noise e.m.f. derived
experimentally by Johnson and theoretic-
ally by Nyquist

v =4kTRB ol

in which T is the absolute temperature of a
resistor R, B is the noise bandwidth in

‘Hz, and k is Boltzmann’s constant (see
Cathode Ray’s discussion of k" in WW
November 1960°). .
Dr Nyquist’s derivation of equation
is now standard bookwork, see for instance,
Robinson’. An interesting point is that
equation 1 predicts a uniform output over
the entire frequency spectrum. This gives
rise to the expression white noise by
analogy to white light (all frequencies pre-
sent), Fig. 1. The presence of the thermal
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Fig. 1. White noise has a Gaussian distri-
bution (upper oscillogram). After band
limiting, white noise typically shows a
Rayleigh distribution (lower oscillogram).

noise e.m.f. across a resistor means that
power can be drawn by a load connected
across it and the well-known equivalent
circnit shown in Fig. 2 enables us to cal-
culate the maximum, in this case thermal
noise power, that canbedrawn. From Fig. 2,

oV
(R+R.Y

and the power dissipated in R, is ZR;. If
we now make R, =R, we have the matched
condition and the maximum power is
drawn.

_¥ _4kTRB_,
4R 4R

N 7115} oooooo000a 2

In this.equation N is the noise power under
matched conditions. Of course, in thermal
equilibrium, the two resistors feed this much
power to each other so no net transfer of
eénergy takes place. This balance is also

Y-

SR

>

Ne

“noiseless”load
( RL at OOK )

noisy resistor
at temperature

Fig. 2. R, is absorbing power from R.
Maximum power is absorbed when R=R,,
according to the well-known matching
theorem.
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true for every frequency band, as well as
overall. Suppose for a moment that this was
not so, and imagine a tuned circuit in
parallel with the two resistors, which acts
as a selective filter, then the resistor which
had a higher output at one frequency band
could continually supply power to the other
even though the temperatures of the two
are equal. Thermodynamics has something
quite definite to say about the impossibility
of doing that, so the balance is maintained
across the whole spectrum. The k7B
expression is called the available noise
power. Equation 2 shows that the available
noise power is directly proportional to the
bandwidth B and absolute temperature 7,
but is independent of the value of R and of
the frequency.

The above arguments about constancy
with frequency begin to fail for frequencies
around 1000GHz at room temperature.
This frequency is much higher than the
radio frequency spectrum in current use.
The error is about 1%. But at low tempera-
tures, say 1K, a 10% error aiready would
exist at 10GHz. This is because the correct
expression for thermal noise derived
rigorously from thermodynamics is

___ 4RBKf
v exp(hffkT)—1

What all this means is that at very high
frequencies and/or very low absolute
temperatures we are running into quantum
effects. If you glance into a mathematics
textbook, exp x or ¢* will usually be found
expanded into a power series

X X
= el
1+x+2+2‘3

If our x, which is Af/kT is small the
quantity exp(Af/kT) can be taken for all
intents and purposes equal to the first two
terms, that is 1+ (Af7kT). Putting this into
the equation, cancelling, etc., immediately
gives Nyquist’s simple form for v7.

Amplifiers and available gain

If amplifiers added no noise to signals they
were processing, no problems would exist
about gain and how much of it we could
use. Also, it stands to reason that no
amount of gain will put out a signal
already buried in a large amount of
noise. What is important is to amplify a
weak signal already in noise so that it can
resist further degradation by interference
and while amplifying, to add the minimum
amount of extra noise. Two requirements
are needed for front-end amplifiers then:
a high gain, and a low-noise performance.
Even with the best amplifiers the output
signal-to-noise ratio is worse than that at
the input, because some noise will always
be added by the circuit components.

There is some difficulty about what is
meant by gain, which must be cleared up.
Definitions of various gains abound in the
electronics literature. There is the voltage
gain, various power gains, current gain and
so on. The usual requirement is to boost
the power level of a weak signal so thatit
can operate fairly energetic transducers
such as loudspeakers, pen recorders, etc.
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Clearly, power gain is the idea we want. .

But, which power gain? If an amplifier has
an extremely high input impedance, the
input power is nearly zero. With a few watts
output, a simple ratio of output power to
input power is getting on for infinity! The
best general definition to use is termed
available power gain, G,, and as can be
seen from Fig. 3, is defined as G, =

available power from the output terminals

available power from the input signal source

The point to remember now is that available
power is the maximum that can be taken
from a source or generator. In other words
it is the matched power output into a load
connected to a generator, as I mentioned
earlier for noise power. It is at this stage
that subtleties inviting confusion tend to
crop up. The available power from the
generator feeding some amplifier is, by
definition, a fixed quantity depending only
on the generator and its internal impedance.

It does not depend on the matching or
otherwise at the input circuit. Similarly,
the definition of output available power
from an amplifier does not depend on the
value of the load impedance. This is not to
say that available power gain is independent
of all matching conditions, because avail-

Appendix A

Available power

A very useful property resulting from the
definition, is that available power from a
source is unaltered if we put a network
of reactances after it. On the other hand,
a resistive network will change the avail-
able power, in practice always reducing it
below the original value. You can see this
by considering the examples shown in
Fig. Al. The first shows a series reactance
inserted after the generator. Available
power from the generator on its own is
EY4R,. All we have to do is cope with
+/X and the available power is again
drawn.

Fig. A1(b) shows the case of an ideal
transformer with a step up ratio of l:n
The output voltage from the secondary
will be nE,, and the effective source
impedance will be n’R, from transformer
theory. Available power will be (nE, )/
4n’R,, which is as before. The last
example shows that if a series resistance
R is placed after the generator, as in
Fig. A1(c), available power is E%/4(R .+ R)
which is obviously less than E%4R,.

Available power gain

Working from the definition for G, above,
we can write down the two available
powers, take the ratio and thereby obtain
G,. As an example, Fig. A2(a) shows a
voltage amplifier with input resistance R,,
fed via a reactive network from a genera-
tor whose e.m.f. is E,, with real internal
" impedance R,. (Any imaginary part can
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Ps = P} only under matched condition

Fig. 3. Available power gain has no direct connection with matching, but maximum
available power gain is only obtained when R ;matches the input resistance of the amplifier.

able output power is dependent on input
matching. (In effect, available power from
the source feeding the amplifier is a
constant of the source, but actual power
going into the input terminals does depend
on matching.) Therefore, the definition of
available power out includes the effects of
any mismatching at the input, the conditions
of which must be stated in the specifications
of any particular case.

M. S. Gunston’? wrote a critique on the
use of available power gain and attempted
to introduce a mismatch factor M, because

be taken into the reactive network.) From
network theory, any arrangement of reac-
tances can be reduced to an equivalent
transformer with a series resistance, for a
shunt susceptance. Resulting from this
you will see that the equivalent circuit
shown in Fig. A2(b) can be drawn. Going
one stage further in the simplification we

Fig. Al

of “errors” by using available gain ideas.
I cannot agree and consider introducing
more factors just adds complications. In the
special case of complete input circuit
matching, maximum available power gain
is obtained. The idea of available power
gain is versatile and useful. One or two
cases are considered in the Appendix for
readers who do not mind a few numbers.
Whenever you see gain mentioned, I am
talking of available power gain under the
input conditions prevailing.

To be continued.

arrive at Fig. A2(c), where the transforma-

tion of the generator voltage and internal

resistance to nE, and n’R, is shown. The

magnitude of the voltage appearing

across the terminals of the amplifier is
Einziin Rin= nEgRl"

VPR, + R,Y + X*

X

Eg

www americanradiohistorv com
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n*Ryg

nEg

(c)
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Available power output will be some con-
stant of the amplifier, times E,’; or, what
amounts to the same thing, it will be pro-

portional to the square of the input’

terminal voltage.

EZR,?
Pt = K RN X
(n et —n—) + pry
Notice that I have deliberately rearranged
n. As available input power is simply
E2/4R,,

R,R
GA — PA(mug =K’ ’;2 L3 =
PA(in) (nRg+_ﬂ) + —
n n?

where K’ is some constant.

Straightaway, you can see that for
maximum available power gain, X should
equal zero.

This means that any residual reactance
should be tuned out at the front end. The
term [nR, + (R,,/m)? is left in the de-
nominator and for maximum available gain
this should be minimized. If n, the trans-
former ratio, is very large the first term in
the bracket dominates and G, is small. If
n is tiny, the second term becomes large
and again G, is small. Somewhere between
these extremes an optimum value for n
occurs to minimize the bracketed term,
and this gives the largest G,. By using
calculus we can easily show there is a
minimum when #° = R,,/R,. This is the
matching condition and gives the largest
available power gain, as would be ex-
pected.

The whole idea of available gain is valid
under any conditions, not just matching,
as long as the conditions existing are given
in any example. (In the example dis-

Fig. A2
R
9 any
reactive
network
Eg v

amplifier

(b)

amplifier

(c)

cussed here, these conditions would be the
values of R,,, R, X and n.)

Suppose now we consider a chain of
amplifier stages with available gains G,,
G, , G;, etc., each under the source con-
ditions offered by the preceding amplifier.
Then we can see that G, = P,/P,
where P, is the output available power of
amplifier number one, and P, is the
available power from the generator.
Similarly for G,, G; etc. and so on. If we
have N amplifiers, the last one will have a
gain Gy = P,/Py_, .

Overall available gain is clearly G,=
P /P, and thisis

G,=6G,GG;....Gy=
LR s R ] E__&5
P’ P’ P, " Py, P

So the overall gain of a series of stages is
the product of the available gains, under
the conditions prevailing at each input.
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Black holes: radiation
transformers?

The concept of a black hole may seem
so bizarre that to complicate matters by
asking what might happen if the black
hole were electrically charged might
seem to be a case of scientific masochism.
Nevertheless, the question has been asked,
and answered, by Ulrich Gerlach of Ohio
State University. The answer bears on the
relationship between electromagnetism
and gravitation. Gerlach calculates that if
the charged black hole is immersed in an
electromagnetic field then any electro-
magnetic radiation which comes near it
will be transformed into gravitational
radiation. The black hole acts as a catalyst
which transforms one type of radiation
into another.

The Psi particle

A new sub-atomic particle (or perhaps
two similar ones) has been discovered
independently at two US research labora-
tories (Brookhaven and Stanford). One
team produced “Psi particles” by throw-
ing protons at protons, the other by
throwing electrons at protons. The Psi
particie has a mass energy equivalent of
3GeV, which makes it about three times
as heavy as a proton. Most particles of
such a mass have very short lifetimes in
isolation. The Psi article is a surprise
in that it lives for about 10,000 times as
long as would be expected before decaying
into an electron and a positron. Physicists
are trying hard to explain it. The one
thing they seem sure of is that the Psi
particle is not the elusive quark.

New thermal imaging tube

A thermal camera capable of taking
“recognizable images of human faces or
hands” has been developed at SERL,
Baldock. The tube has a germanium
window, a target of the pyroelectric
material  triglycine  sulphate  which
reflects low-energy electrons to an extent
dependent on the incident heat and a
fluorescent screen to turn the electron
beam, after acceleration, into a visible
image. Temperature differences of 1°K
are detectable.

Lasers detect paint-peeling
masterpieces

If deterioration in oil paintings is detected
early it is possible to take action to
preserve the paintings. Laser holography
has been shown to make early detection
possible. The technique is the same as
that used to measure minute changes in
any object. A laser hologram is taken,
the temperature of the painting is raised
a little, and another hologram taken.
Detached regions of paint, caused by its
beginning to peel off the backing material,
dissipate heat at a different rate from the
rest and expand faster. Pronounced inter-
ference fringes appear when the holograms
are superimposed, and where peeling has
begun there are kinks in the fringes.
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High-quality f.m. tuner

A simple design using the NE563 integrated circuit

by J. B. Dance, M.Sc.

University of Birmingham

111

This article shows how the amateur constructor can make a high-quality f.m. tuner with a minimum
of effort. A commercially available front-end is employed with a new type of phase-locked loop

demodulator circuit.

Although it is not very difficult to con-
struct an f.m. front-end, the purchase of a
complete front-end unit will save the con-
structor much work and should prevent
the possibility of the performance being
degraded by spurious oscillations. A vari-
cap front-end was chosen for the circuit to
be discussed, partly because this enables
both switched and continuous tuning to be
obtained without any of the problems
associated with dials, gears or drive cords.
In addition, the tuning controls can be
some distance from the tuner unit itself.
Phase-locked loop demodulators are un-
doubtedly attractive because no inductors
are required. However, the high frequency
phase-locked loop integrated circuits
which have been available in the past are
rather more suitable for use in communi-
cations receivers than in high-fidelity
equipment. The position has changed with
the recent release of the Signetics NE563

device. This integrated circuit contains
about 180 transistors and incorporates a
high-gain amplifier/limiter in addition to
circuitry for converting the i.f. signal to a
lower frequency for the operation of the
loop. The relatively large percentage
frequency deviation at this lower fre-
quency greatly influences the performance
of the circuit.

Circuit

The circuit of the tuner (excluding the
stereo decoder) is shown in Fig. 1 and the
circuit for the tuning controls in Fig. 2.

A 0.01pF series capacitor is included in
the internal EF-5603U output circuit. The
output of this front-end unit can therefore
be directly connected to the input of the
NE563 amplifier/limiter; the latter pro-
vides a gain of up to 60dB with a band-
width of about 22MHz. The signal then
passes through the standard Vernitron

FM-4 or Toko CFS ceramic filter marked
F in Fig. 1. R, and R, are the filter match-
ing resistors without which the desired
band-pass characteristic! will be degraded.

" The limiter output impedance is about

270Q and the mixer input impedance
about 1.25kQ, so the effective impedance
on each side of the filter is about 330Q.

The signal from the filter passes through
C; into pin 2 of the NE563 and is mixed
with a crystal-controlled 9.8MHz local
oscillator signal. The 900kHz difference
frequency is fed by an internal connexion
to the phase-locked loop section of the
NES563. The centre frequency of the loop
is controlled by C, The loop filter con-
nected to pins 13 and 14 controls the
bandwidth and hence the noise level. The
value of R; may be reduced if a smaller
bandwidth is required for any reason. The
output impedance of the loop filter is about
6.2kQ.
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Fig. 1. The circuit of the tuner.
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The output filter R,—C,, attenuates
radio frequencies, whilst Rg—C ;, provides
the normal 50ps de-emphasis for the mon-
aural output. The effective resistance be-
tween pin 10 and ground should not be
less than 2kQ. A series capacitor (not
shown in Fig. 1) will be required in each
output circuit to prevent the steady com-
ponent of the voltage at pin 10 from reach-
ing the following audio amplifier or
decoder.

The optional potentiometer VR, can be
used to set the inter-station noise muting
level. Muting will also be obtained if VR,
is replaced by a fixed resistor of about
15kQ, in which case a “mute defeat”
switch should be included which can be
used to connect pin 8 through a 100kQ
resistor to the positive line. If an indication
of signal strength is required, a high-
impedance voltmeter (f.s.d. about 5V) can
be connected as shown by the dotted line
joined to VR, in Fig. 1. The meter reading
approximates to a logarithmic function of
the input signal voltage and is affected
somewhat by the setting of VR,. The out-
put impedance at pin 8 is about 20kQ.

The writer has used a 9.8MHz Catho-
deon crystal, type CX, manufactured to
code AO4851 with the NES63 and has
also used a crystal of the same frequency
manufactured by Aero Electronics Ltd.

Both types were designed for use with a

parallel capacitance of 30pF and gave
equally satisfactory results. The local oscil-
lator input impedance is about 400Q at
9.8MHz.

It is possible to make a more econo-
mical circuit by using a 9.8MHz ceramic
resonator instead of the 9.8MHz crystal.
The writer has tried the economical Taiyo
type CR-9.8 resonators which were ob-
tained from the USA; they are about
8.5mm square. One of these resonators
was connected in parallel with a 2.2kQ
resistor between pins 1 and 16, C, being
omitted. However, the performance was
quite unsatisfactory. The trouble appeared
to be due to spurious high frequencies
being generated in the oscillator. It was
found experimentally that a satisfactory
performance could be obtained if a SpF
capacitor was connected in parallel with
the CR-9.8 resonator and the resistor.

Power supply

An SGS-Ates TBA 625B voltage regulator
in a TO-5 encapsulation was used in the
prototype tuner to ensure a very low hum
level in the varicap supply. The use of this
device enables a much smaller value of
smoothing capacitor to be used than
would otherwise be required. The regu-
lator incorporates ‘fold-back” short-cir-
cuit protection; that is, if the 4+ 12V line is
shorted to ground, the current “folds
back” to about 30mA. Thus the use of the
TBA 625B should protect the NES563
from damage if accidental shorting occurs
during the preliminary experimental work.
A Jermyn type 2215 heat sink was fitted
to the regulator, although this was not
really essential. The capacitor C,, should
be soldered close to the regulator to pre-
vent possible instability, whilst C, should
be soldered close to the EF-5603U and the

NES63. In the prototype separate de-
coupling of the NE563 was found to be
unnecessary; the internal circuit of the de-
vice provides 33dB of hum rejection at
100Hz.

The EF-5603U consumes not more
than 17mA and the NE563 about 38mA
(maximum 42mA). The regulator circuit
can supply up to 130mA, so it can also be
used to supply current to the LM1310
stereo decoder and to a light-emitting
diode stereo indicator lamp.
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Tuning .
The writer feels that switched tuning is
far more convenient than continuous
tuning for normal domestic reception. On
the other hand, so many local stations are
now appearing that continuous tuning is
also very desirable. The tuning unit shown
in Fig. 2 has the advantage that both
switched and continuous tuning are avail-
able.

When S, is in position 1, the Beckman
10 turn “Helipot” VR, is used to provide

VR2 +12V
100k VR3 VR4 VRs VReg VR7 (trom point 2" fig.1)
Helipot 100k 100k 100k 100k 100k
—
€ c P c
T
Rg
4k7
3 i
2 S
1 05
1 CG

tuning voltage point b’ fig.1
Fig. 2. The preset and continuous tuning unit.
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continuous coverage. The plastic type
7276 component used in the prototype is
smaller and cheaper than the other types.
A Beckman type RB dial was fitted to the
Helipot. Although this is not calibrated in
MHz, it does provide fine tuning facilities
and can be accurately reset to any point
without the constructor having to prepare
a special scale.

The other five positions of S, enable
five pre-selected frequencies to be received.
Beckman 15-turn “Helitrims” type 89P
were used for VR; to VR, inclusive, since
they can be set much more accurately
than a single turn trimmer.

The frequency range covered is approxi-
mately 87 to 102MHz for tuning voltages
in the range 3 to 12V. It can be extended
to 109MHz if a 25V supply is available
for the varicaps, but R, would then have
to be reduced.

Performance

The EF-5603U front-end incorporates a
m.o.s.f.et. input stage and has three vari-
cap tuned circuits between this stage and
the mixer. This enables a minimum rejec-
tion of spurious frequencies of 90dB to be
obtained. The noise figure is not more than
7dB. This unit has recently become avail-
able from a retail source (Ambit Inter-
national, 37 High St., Brentwood, Essex,
CM14 4RH).

A similar front-end, the EF-5600U,
has provision for the application of a.f.c.
and a.g.c. Pin 15 of the NE563 is not con-
nected if the EF-5603U is used, but will
provide a.f.c. to the EF-5600U if the com-
ponents shown dotted in Fig. 1 are in-
cluded. Similarly, if a 10kQ resistor in
parallel with a O.1pF capacitor is con-
nected from pin 4 to ground, an ag.c.
voltage may be obtained from this pin.
At low signal input levels the potential at
pin 4 is about + 2.7V, but it starts to fall
when the input to pin 7 approaches 1mV.
At input levels above 20mV, the a.g.c.
output is just over 0.6V.

The writer initially tried the NE563 with
a more economical front-end (not a vari-
cap one), but the results were quite unsatis-
factory. The output of this front-end con-
tained spurious oscillator voltage which
appeared to develop beat frequencies in
the NE563 mixer stage. Any such beat
frequencies cause distortion or may even
prevent the loop locking onto the desired
signal.

The total harmonic content of the
NES563 audio output is now quoted as
typically 0.4% when the frequency devia-
tion is 75kHz and the modulating fre-
quency 1kHz. Under the same conditions
the typical audio output level is 380mV
r.m.s. The a.m. rejection is typically 65dB
or more at signal levels exceeding 2mV at
the limiter input; this is greater than that
provided by other well-known demodulator
circuits. However, this a.m. rejection figure
falls at lower input levels as shown in
Fig. 3.

The NES563 sensitivity is quoted as
typically 9pV (allowing for a 6dB loss in
the ceramic filter) for a 30dB signal-to-
noise ratio at 10.7MHz, whilst the corres-
ponding level at the mixer input (pin 2)
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is about 1mV. The front-end unit provides
a minimum additional gain of 30dB. In
practice, it has been found that the tuner
is very sensitive, low power monaural
local radio stations having been received
at distances of up to 50 miles using a
length of wire as an indoor aerial.

The NE563 becomes warm and some
drift of the centre frequency occurs for up
to about a minute after the power is first
applied. However, this drift is of little con-
sequence unless the signal strength is very
low. A crystal or ceramic resonator is re-
quired to stabilize the local oscillator fre-
quency, although the device will oscillate
if one merely connects a capacitor between
pins 1 and 16. A 22pF capacitor will pro-
duce a local oscillator frequency of about
9.8MHz.

The capture and lock ranges are about
+250kHz and #+290kHz respectively at
an input level of 10mV when the loop
filter shown in Fig. 1 is used. The variation
of the capture and lock ranges with the in-
put signal level is shown in Fig. 4; it can
be.seen that tuning becomes more critical
at input levels under about 100pV.

The phase-locked loop section of the
NES563 will operate from frequencies of
less than 1kHz up to several MHz, but the
free-running  frequency must be kept
reasonably close to the input frequency
for capture and locking to occur. The
value of the capacitor connected between
pins 11 and 12 determines the free-running
frequency of the loop, as shown in Fig. 5.
The value of C, used in the prototype has
been changed by up to about 20% and this
merely resulted in the absence of locking
with very weak signals. However, it is
advisable to employ a component with a
+5% tolerance for C,. The v.c.o. tem-
perature coefficient is of the order of
500Hz/°C below 25°C and about half
this figure at higher temperatures.

The stereo decoder circuit* * is quite
conventional and will therefore not be
repeated here.

The writer is indebted to Mr Russ Han-
sen of Signetics, California, for providing
detailed information on the NE563.

www americanradiohistorv com

References

1. L. Nelson-Jones, “F.M. Stereo Tuner”,
Wireless World, 77, 175 and 245 (April and
May, 1971).

2. T. D. Isbell and D. S. Mishler, “LM1800
Phase-locked Loop FM Stereo Demodulator”,
National Semiconductor Application Report
AN-81 (June 1973).

3. “Phase-Locked-Loop Stereo Decoder”,
Wireless World, 78, 315 (July 1972).

Sources of supply

Tokoe EF-5603U, CFS filter. Ambit Inter-
national, 37 High Street, Brentwood, Essex
CM14 4RH.

Signetics NES63. Signetics Ltd, 63 Croydon
Road, London SE20, or advertisers in Wireless
World.

Cathodeon Crystals Ltd, Linton, Cambridge
CB1 6JU.

Beckman pots. Beckman Instruments Ltd,
Components  International, Queen’s Way,
Glenrothes, Fife KY7 5PU.

FM-4 filter. Vernitron Ltd, Thornhill, South-
ampton SO9 5QF.

SGS:-Ates TBA625B. ITT Electronic Services,
Edinburgh Way, Harlow, Essex.

Doram REC 65 (order 261508). Doram Elec-
tronics Ltd, PO Box TR8, Wellington Road
Industrial Estate, Wellington Bridge, Leeds
LS12 2UF.

WIRELESS WORLD
ANNUAL

We apologize to readers who may have been
misled by advertisements for the 1975 Wire-
less World Annual stating that it would con-
tain 140 pages. In fact 132 pages, including
covers, were printed. This was not a deliberate
attempt to deceive the reader but an error,
which is very much regretted.
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Celtic communications
covered

Following the decision by the International
Telecommunications Union to adopt
“world-wide single-sideband telephony
working”, a comprehensive range of
single-sideband communications is to be
installed and tested at the Post Office
station at Ilfracombe, providing ship-to-
shore radiotelephone and teleprinter com-
munication for offshore oil rigs throughout
the British sector of the Celtic Sea. A
total of four 1kW transmitters—one for
telephony, one for telegraphy and two
for standby—have been ordered for
Ilfracombe. Operating on designated fre-
quencies in the range of 1.6MHz to
3.8MHz, the installation will provide a
reliable service to the oil rigs which will
be shared by customers on a party-line
basis.

Included in the equipment to be

supplied are 15 Autospec II radiotelegraph
error correcting terminals. This system
uses a special error correction code,
which has been developed to allow re-
liable radio communication to be achieved
in all but the worst conditions of fading
and interference. The equipment also pro-
vides a visual indication of error detection
which allows the operator to make an
assessment of the circuit efficiency at any
time. Marconi Communication Systems is
to provide the equipment for the Post
Office.

A further Post Office project to ensure
high-quality communications for gas and
oil production platforms working in the
North Sea has been recently announced.
The new project will link the country’s
telephone and telex networks to radio
stations which are to serve production
platforms. The new microwave routes
will also provide an improved telephone
service for people living in North-East
Scotland, the Orkneys and the Shetlands.
When the new service opens in 1977 it
will be possible for production staff on
platforms up to 200 miles offshore to send
telex messages almost anywhere in the
world without calling in the operator and
to make world-wide telephone calls
through the British Post Office system.

Errors reduced on
radio-teleprinters

Dramatic error-rate reduction on h.f. and
troposcatter 100 w.p.m. teleprinter circuits
has been demonstrated using a recently
developed time-diversity system. Under a
United States Air Force programme,
mobile h.f. communications vans were
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Visitors to Mars
—it’s only the tiny
antenna that’s
going though, not
the earthling
who’s peering at
the communicator
through its en-
vironmental dome.
The S-bend
antenna will make
the 1 1-month,
460-million mile
Journey with the
Viking spacecraft
that is scheduled
to land on Mars
in 1976.
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equipped with time-diversity modems de-
veloped by Barry Research Corporation
for the purpose of evaluating the new
technique.  Simultaneous time-diversity
and frequency-diversity circuits were
established over a 1,000 mile h.. path,
Oklahoma to Georgia, in July 1974, and
the error performances compared. Results
showed that character-error-rate (c.er.)
reduction factors of up to 1,000 were
frequently obtained using time diversity,
with an overall c.e.r. in a six-day period of
0.014% observed on the t.d. circuit and
1.7% on the f.d. circuit. More recently,
similar performance has been demon-
strated using the t.d. system with an Air
Force microwave troposcatter system.

The equipment has been designed to
overcome the effects of signal fading and
impulsive noise interference encountered
on radio circuits used to transmit tele-
printer information. The system accepts
synchronous or non-synchronous data,
clear or encrypted, at rates up to 75 bits
per second. Further information can be
obtained from Interface International, 29
Market Street, Crewkerne, Somerset TA18
7JU.

Computers respond to

human voice
_——
A series of general-purpose computer
systems which are controlied solely by
the human voice has recently been intro-
duced for operation in a wide range of
industrial, scientific and commercial situa-
tions, from machinery control to banking
transactions. These revolutionary systems
can recognize words irrespective of accent
or dialect and also against substantial
background noise levels.

The first system unveiled in the series
marketed by EMI Threshold is capable of
accepting a vocabulary of up to 150
words or short phrases including digits.
The equipment comprises a speech pre-
processor unit measuring 18 X 20 X 26in,
mini-computer. alpha-numeric  display,
microphone headset and standard tele-
typewriter. Communication with  the
equipment is not limited to one person.
The system is quickly and easily pro-
grammed to accept instructions from up

“to 16 operators in sequence. The voice

data of each person can be stored either
in the system’s memory. on orthodox
punched paper tape or magnetic disc.
Initially the selected vocabulary is in-
serted by teletypewriter into the mini-
computer, together with any programme
of operations which the system will be
carrying out later from spoken instruc-
tions. Users of the VIP 100 system then
“train” the equipment to understand their
individual pronunciation of the vocabulary
by repeating each word either five or ten
times into a noise cancelling microphone.
The training time is less than 10s for each
word. Repetition of each word enables
the system to obtain an average voice
pattern from the slight variations which
occur each time the speaker pronounces
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the word. The speaker’s pattern for each
word is then stored in the memory against
the relevant vocabulary data inserted by
teletypewriter.

In use, each operator calls up his own
voice pattern, identified by a reference
number set on a control unit for speaker
selection and word training. Each vocabu-
lary word also has a reference number
enabling the operator to call up any
given word from the computer, at any
time during use, for retraining should the
operator’s speech be affected by a cold or
other causes since initially training the
system. As each word is spoken, it appears
on a visual display unit providing the user
with instant verification that the computer
has correctly “understood” the communi-
cation.

A control word such as “go” or
“action” from the operator causes the
system to despatch the inserted data
either to whatever machine is linked to
it such as a computer installation or
machine tool or to the mini-computer’s
own memory. If when checking the data
on the v.d.u., the operator discovers he
has made an error, this can be deleted
simply by using a second control word
such as “erase” or “mistake”.

A joint Anglo-American research pro-
gramme into developing voice recognition
techniques and applications still further
is under way. At EMI's Central Research
Laboratories the British research team’s
activities range from refining aspects of
current voice recognition technology to
long-term basic speech research associated
with the voice control of future genera-
tions of machines. Future additions to the
EMI Threshold range will include a system
having specific relevance to the security
field. It will have the facility to identify
each voice by its individual and unique
aural characteristics, offering potential
applications including the control of access
to restricted buildings.

Worldwide telephone
link

A local telephone call to Loughborough
now gives companies in Nottingham.
Leicester. Derby and surrounding East
Midland towns access via terminals to
an extensive computer time-sharing service.
The installation of a multiplexer in Lough-
borough by Honeywell opens up the
Mark III service to the area at local call
rates.

Based on a computer centre in Cleve-
land, Ohio, the Mark III service uses
trans-Atlantic and trans-Pacific satellite
and cable links to join North America.
Japan, Australia and most of Western
Europe. Terminals installed in users’ own
offices are connected to the Cleveland
centre through the ordinary telephone
system. The response at the terminal from
the computer centre is a matter of seconds
despite the distances involved and the
technical complexity of the network.
Honeywell estimates that it now offers

Specialized aerial
which radiates
both 243MHz and
2.182MH:z simul-
taneously is part
of Ultra’s new dis-
tress beacon which
provides trans-
mission on both
the marine and
aircraft distress
Srequencies.
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local call access to Mark III to 85% of the
potential commercial and industrial users
in this country.

Test transmissions
curtailed

In the light of its financial situation and
the need to conserve fuel, the BBC has
found it necessary to reconsider its trade
test TV transmissions. which have been
radiated throughout the day on BBC-2.
The transmitters concerned use approxi-
mately 5.000kW of electrical power.

It has been decided to curtail these
transmissions by about five and a half
hours each weekday. while still main-
taining some transmissions in the daytime
for the benefit of dealers and installers.
From Monday. January 20, the BBC-2
network has been on the air from 10.30
to 11.30 each morning. with a bulletin of
service information at 10.30. Apart from
any programme commitments. the net-
work then closes until 16.00, when it re-
opens with the test card continuing until
the start of evening programmes.

Safety for school

|

The British Electrotechnical Approvals
Board is inviting manufacturers and vendors
to submit monochrome and colour TV re-
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ceivers specially designed for use in
schools for test and certification to the
requirements of the British Safety Standard
BS.415:1972. including amendments 1|, 2
and 3. The tests will also take into account
the safety requirements of clause 6 of
BS.4958:1973 (specification for schools
TV receivers and stands). Applicants
should write to BEAB, Mark House, 153
London Road, Kingston-upon-Thames
KT2 6NX. sending a list of models for
which approval is required. together with
descriptive literature. On receipt of this
information BEAB will forward applica-
tion forms and cost estimates for the
necessary test work and certification fees.

f———————————————
Radio range increased
twentyfold

The range of radio and television signals
can be increased 20 times or even more
by a new technique developed by a team
of research scientists at Stanford Research
Institute. California. The scientists have
demonstrated that a temporary man-made
bubble can be produced in the ionosphere
which reflects radio signals back to earth.
This makes possible an extension of their
range to a point about 1.000 miles from

‘the transmitter. Normally these signals

would pass right through the ionosphere
and are limited to a range of about 50
miles along a direct line from transmitter
to receiver.
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The bubble is produced by heating the
ionosphere with a beam of shortwave
radio signals from a ground-based “heating
transmitter”. The heating is based on
principles similar to those on which micro-
wave ovens are based. The bubble is
typically about 100 miles in diameter.
Invisible to the naked eye, the region can
be photographed with an infra-red camera.
When transmission is completed the re-
flecting irregularities disappear, leaving no
pollution or ecological disruptions of any
kind. The bubble would apparently be
most useful for reflecting signals in the
v.h.f. band. In essence, the heating trans-
mitter required to produce the communica-
tions bubble is a 500kW short-wave radio
transmitter connected to a special antenna.

New video system

The Longitudinal Video Recorder (LVR)
is a new video cassette system recently
unveiled by BASF. Certain capabilities of
the new system are claimed to extend
beyond those of presently available video
recorders. The new unit uses a small and
compact cassette (118 X 110 X 16mm)
loaded with 6.28mm wide chromium
dioxide tape. Playing time is up to 120
minutes.

Recording and playback of video and
sound signals are done with a fixed head.
A system called “contact winding” allows
the spool to move as the tape builds up
on the spool with which the head is then
able to maintain contact. Tape for an
alternative 90 minutes playback time has
a thickness of nine microns; the one for
120 minutes playback time is six microns.
A single drive motor is used to provide a
tape speed of 3m/s. Recording and play-
back of either colour or black and white
is accomplished on a total of 28 tracks
between which switching occurs in a
period of 80ms. Compared with other
video cassette systems, tape consumption
is much lower and the cost for a playing
time of one hour is expected to be around
£10. Although a price for the LVR unit
is not available yet, it should be
approximately £500.

—

Laser pulses
connect i.cs

Researchers have discovered a method of
using laser pulses to form microscopic
electrical connexions on fully-processed
integrated circuit chips. The new technique
provides a tool for repairing defective
chips and for custom “wiring” of chips
such as programmable logic arrays. Lasers
have previously been used in electronic
device fabrication for applications such as
trimming resistors and cutting connexions.
The key feature of the discovery, made
by IBM scientists, is that laser pulses can

New flexible loudspeaker diaphragm
material (see news item). Damping
material is attached at the circumference
and centre to prevent wave reflections
within the material. Also attached to the
diaphragm is the voice coil assembly. The
chassis is shown at the top of the picture
separately from the diaphragm.

also make new connexions through a
layer of silicon dioxide, between an
aluminium conductor on the surface of the
chip and conducting channels in the sili-
con below. Connexions can be made
without damaging adjacent fragile tran-
sistors or transistor-like structures.

The process involves a sequence of
several short pulses (two to six nano-
seconds) obtained from an organic dye
laser. Longer pulses can cause extensive
damage to surrounding regions. The
sequence of pulses gives rise to three
distinct processes. First, a small hole is
produced by evaporation in the aluminium
conductor. This is followed by explosive
removal of the silicon dioxide between
the aluminium and the underlying silicon
at the connexion site. Finally the under-
lying silicon is melted and flows to the
surface to form a connexion with the
aluminium. The resulting connexion is less
than five microns in diameter.

Flexible
speaker

Demonstrated at an IEE lecture during
January was a new type of loudspeaker
diaphragm which apparently defies the
accepted necessity for a rigid cone struc-
ture. The diaphragm, which is flat, is made
of a spongy flexible material, to which
the voice coil is attached. The diaphragm
is fixed at its circumference. The spongy
diaphragm material provides a linear force
against any pressure exerted against it.
The aim is to eliminate inertial force and
surround compliance properties associated
with the conventional diaphragm, whose
values are non-linear with respect to
frequency. The new material provides
resistive loading only and this should have
a constant value throughout the frequency
range so that applied force is always
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directly proportional to diaphragm velo-
city. In fact the response drops in a linear
fashion above about 9kHz, but this can be
compensated by electrical equalization.
Bass resonance depends on signal ampli-
tude and can vary in the region 20Hz to
40Hz.

The diaphragm is damped by foam
material (see photograph) at the centre
and around the circumference to prevent
any wave reflection occurring within the
diaphragm.

Audio/visual show
for the Midlands

The first audio/visual' show in the Mid-
lands is to be held on April 11th, 12th and
13th, 1975. The first day will be for trade
and press only. Site of the exhibition will
be the conference and exhibition complex
at the National Agricultural Centre,
Kenilworth, Warwickshire. Exhibitors’
products at the show will encompass
video record and replay equipment, light-
ing effects, educational aids, sales training
work and business aids. In addition there
will be the widely based consumer items
including cassette, radio, cartridge and
record equipment.

High Fidelity 75
expands

As a result of the success of High
Fidelity 74 in April last year, this year’s
exhibition is to be increased from five days
to six, allowing three days for trade and
press only. Extra exhibition space is to be
provided at the Heathrow Hotel, Heath-
row and part of the show moved into the
nearby "Skyline Hotel to cater for the
expected increase in the number of visitors.
The exhibition will run from April 8th to
13th inclusively and the first three days
will be trade and press only. Opening times
will be: trade days 9am to 7pm; public
days 10am to 8pm and Sunday llam to
6pm. A regular, free coach service will
link the Hounslow West Underground
station with the exhibition.

More power from the BBC. Radio
London’s medium wave service on 206
metres (1457kHz) is now transmitted
from a new high-power transmitter at
Brookmans Park, near Potters Bar.
Throughout the service area reception
should be improved.

First retailer to head RTEEB. The Council
of Management of the Radio, Television
& Electronics Examination Board recently
elected Mr Sydney Hetherington, Manag-
ing Director of Wright (Rental) Ltd of
Coventry and Kenilworth, as its chairman.
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Low-noise wideband amplifier

Design with paralleled transistors for use with low source resistances

by J. A. Grocock

The design of single transistor low noise
pre-amplifiers is well known' and a
noise figure close to unity is achievable for
source resistances in the range 10kQ to
100kQ. In some applications, such as hot
wire anemometry for measureinent of gas
temperature and gas flow, the source
resistance is very low, lying within the range
4Q to 100Q. Typical signal voltages are
1-10uV peak over the frequency range
100Hz to 200kHz. Thus, a wideband low
noise amplifier is required.

One method of solving this problem is
to use a transformer to match the amplifier
noise resistance to the source resistance;
but when the bandwidth is as stated above
the transformer design is difficult. A large
primary inductance is necessary in order
to obtain a suitable low frequency break
point, but the requirements for the higher
end of the frequency range are the opposite
—minimum number of turns to reduce
leakage inductance and winding capaci-
tance. The use of transistors connected in
parallel is a better solution and the
principle will now be described.?
Transistors in parallel. Consider the two
transistors connected as shown in Fig. 1
and the single transistor circuit shown in
Fig. 2.

The collector signal current of each .

transistor in Fig. 1 flows through R, and
the signal gain is twice that of Fig. 2.
(This assumes that Tr, and Tr, are
identical and that R,,/2>»R;, where R,y
is the input resistance of Tr, and Tr,.)

The collector noise currents of 77, and T,
in Fig. 1 are not correlated, (I¢y total=

T2+ 1c)25 Iy, =collector noise current
of Tr, and Iy, =collector noise current of
Tr,) and the total noise current in R, is
/2 1y, . The signal/noise ratio of Fig. 1 is
2IcsA\/2IcyandinFig. 2is I /I ywhere I g
is the collector signal current of Tr,or Tr,.
Thus the signal/noise ratio for Fig. 1 is /2
times that for Fig. 2. If R is large then the
above reasoning does not apply and the
single transistor circuit has the best signal/
noise ratio.

It can be shown (see Appendix) that
the effect of connecting two identical
transistors in parallel is to reduce the
equivalent noise voltage resistance and
equivalent noise current resistance by a
factor of 2. This means that the optimum

source resistance is also reduced by the
same factor. Four transistors in parallel
would produce an optimum source resist-
ance one quarter of that for a single
transistor.

Obviously there is a limit to the
number of transistors that one can connect
in this way. Increased collector capaci-
tance reduces the bandwidth and the
collector current cannot be reduced
indefinitely.

Practical circuit. The amplifier shown in
Fig. 3 is driven from a 75Q source and has
a bandwidth of 7Hz to 2.5MHz (—3dB).
Two feedback paths are used, one to pro-
vide low d.c. gain and stabilize the bias
voltages and the other to provide indepen-
dent adjustment of a.c. gain. The circuit
has a voltage gain of 70 and the output
noise voltage was 67uV r.m.s. over the
frequency range of 15Hz to 300k Hz.

The noise figure can be calculated as
follows:

Total noise output power =
R,
Noise volts V' produced by R at room

temperature==4 /RMMQ) X B(Hz)V.

66.52X10-12

Vs,'g /] Tr‘2

Fig. 1. Two transistors in parallel.

Vsig

Fig. 2. Single transistor circuit.

Fig. 3. Amplifier design using transistors
in parallel and having a bandwidth of
7Hz-2.5MH:. (Transistors are Ferranti
types; resistors, carbon film; and
capacitors, electrolytic.)
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Fig. 4. Arrangement for using severai of the Fig. 3 amplifiers and summing their outputs.

V(5= 4T5X 10~ X4.7X10° pV
rms. (noise bandwidth:%XSdB band-

width)=0.75uV r.m.s.
Noise output power due to Rg above, is
(70x0.75 x10~"
R,

- NF=10log 27 ~2dB
52.5?

Further improvements. A further reduction
in noise figure can be obtained by using
several of the amplifiers shown in Fig. 3
and summing their outputs as shown in
Fig. 4. This technique would also be useful
when the source resistance is lower than
75Q.

Acknowledgements. My colleague Mr A.
W. Doel has been of considerable help in
the development of low noise amplifiers over
the past year. Thanks are also due to Rolls-
Royce (1971) Limited for permission to
publish this article.
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Appendix
Consider the circuit shown below:

+V

Rs

Vsig

I b S

Tr, and Tr, are identical transistors with

the same input resistance, current gain and

noise generators.

Let:

R, =input resistance of Tr,or Tr,;

R, =equivalent voltage noise resistance of
TryorTr,;

R, =equivalent current noise resistance of
Tr,orTr,;

V, =Tr, input voltage;

V,=Tr, input voltage;

I, =collector current produced by Tr,;

1., =collector current produced by 7r,;

B=Tr,or Tr, current gain;

Iy =noise current in R .

The noise equivalent circuit is:

R

KVRy
i O r
|

total noise output power
noise output power produced by R

NF=

The total noise output power can be
calculated by considering each generator
in turn and replacing all other generators
with a short circuit or open circuit.

Taking K, R first,
V,=K/Rs=V,(R;>Rs)

A= AK Rs=Ic,

here A= ﬁ: é—
hd R, R,
These two currents are correlated and the
total noise current in R; is:

Iy =24AK Rs.

Next, considering the two generators K, R,
each generator will produce an input
voltage across its associated transistor
only, and the collector currents produced
will be uncorrelated. =

V,=K.R,=V, (R,and R, »Ry)

g :,/JKIVQ'FGAK\R . where A =Rﬁ
1

1

I, =AK R,
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1, total noise current in R, is
MA’K’R, +A’K’R, = AK2R,

Finally, [/, produced by the current
generators can be calculated with all
voltage generators short circuit.

K K
Rs YRy Ry

The noise voltage across R is the input
voltage to both transistors.

K2 K2 2
V,=V,=Rs |— +~ = KRs |=
TR R, TR, SR,

The two collector currents produced by
this voltage are now correlated.

2

Iy =l =AKRg |>

CiI 2 S\/;
~Iy=2AKR; |2
R,

The total noise current in R; can now be
obtained:

8A2K2RSZ

Iy(total)= R
!

4A°K’Rg +A’K? 2R, +

Total noise power=

2
AZKZRL[4RS+2R,,+823 ]

1

Noise power produced by R alone=

44°K°R, R
2
4Rs+2R,,+8R5
NFz=—eoreo—— 1
4R
NF:].}.& &'
2Rs R,
Ry Rs
2 R
=14+=4=1
Ry 2
d(NF) —Ry+£

d(Rs) 2Rs R,

~.Rg optimum= \/&’zﬁi
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An i.c. telephone tone generator

A simple design suitable for use with elementary demonstration models of
a telephone exchange

by R. Ball, B.Sc. (Eng)

Department of Electrical Engineering, Lanchester Polytechnic, Coventry

A tone generator was required for incor-
porating in a demonstration telephone
exchange. The generator had to produce
dialling tone, ringing tone, busy tone, and
number unobtainable tone. The tones were from t.t.l. NAND gates. For capa-

required to be recognizable but did not citor values for the three frequencies

have to conform rigidly to the normal ] c see text.
specifications. r" 1

The tones that it was required to ap- |
proximate were:
(a) Dialling tone—continuous 35—50Hz.
(b) Ringing tone—400Hz modulated at 470%

@]

Fig. 1. Oscillator circuit assembled

T
——

25Hz and interrupted as follows: ON—
400ms; OFF—200ms; ON—400ms;
OFF—2s. (c) Busy tone—400Hz inter-

rupted as follows: ON—375ms; OFF— ) , ( d )
375ms. (d) Number unobtainable tone—

400Hz continuous.

These had to be capable of driving up
to four telephones at reasonable volume
level.

It was decided that an electronic version
would be suitable, and cheaper, than a
version based on a motor, and a design
was conceived using digital integrated
circuits. It was also decided that the
following tones would be recognizably
close approximations to the standard tones,
and would have advantages of economy in
circuitry: (a) Dialling tone—continuous
30Hz. (b) Ringing tone—400Hz inter-
rupted at 30Hz and also interrupted as
follows: ON—375ms; OFF—375ms;
ON—375ms; OFF—1.875s. (c) Busy tone
—400Hz interrupted as follows: ON—
375ms; OFF—375ms. (d) Number o
‘unobtainable tone—400Hz continuous. 1'33Hz

Fig. 2. System of gates used to 400Hz
obtain the ringing tone has inputs

from all three oscillators, 400Hz,

30Hz and 1.33Hz.

30Hz

ringing
tone

Design details

The design involved the use of three
astable oscillators built up from 74-series
ttl. NAND pgates. These were of con-
ventional self-starting design (Fig. 1).
The values of the capacitor C were as
follows: +12V  Fig. 3. Circuit used to protect output

Oscillator 1, 400Hz; C = 3.2pF. of tone generator from damage

Oscillator 2, 30Hz; C = 40pF. arising from uniselector voltages.

Oscillator 3, 1.33Hz; C = 500pF.
These use SN 7400N i.cs. The 1.33Hz
signal was divided-by-two twice, using
a D-type flip flop, SN 7474N, giving
frequencies of 0.67Hz and 0.33Hz.

The 400Hz and the 30Hz signals were
used directly for the number unobtainable
and dialling tones respectively. The 400Hz
signal was also fed into a NAND gate with

from i.c,

output

ov
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'—D Q-][D Q

.
4 x SN7400N
+12V
J)\ —0
T T O
oV
n.u. dialling busy ringing
tone tone tone tone
150
SN7400N A <€ A O +12V
SN7400N B
SN7400N C
N SN7400N D €
SN7474 N
av7 av7 av7
el

Fig. 4. Complete circuit diagram of the tone ge...- utor with voltage supply arrangements below.

the 1.33Hz signal and the output was used
for the busy tone. To obtain the ringing
tone, the 400Hz signal was first fed into
a NAND gate with the 30Hz signal and
this output was connected to a second
NAND gate with the 1.33Hz signal
Finally this was then fed to a third NAND
gate with the 0.33Hz signal to give the re-
quired output. This is shown diagram-
matically in Fig. 2.

It was found necessary to select the
capacitors used in the oscillators to obtain
the most realistically sounding tones.

Output circuitry. Since the tone generator
was to be used in conjunction with a
normal uniselector relay-type demonstra-
tion exchange, its output had to be
protected to avoid damage which might be
caused by a short circuit; continuous 50V
d.c. of either polarity; or fast high-level
switching spikes; any of which might
appear across the terminals.

This protection was achieved by using
the circuit of Fig. 3. It was found that up
to four telephone handsets could be con-
nected to the output with an acceptable
signal level in each.

Power supply. The tone generator was
designed to run from a 12V d.c. supply.

This voltage was used directly for the
output transistors, and zener diodes were
used to produce the supply voltage re-
quired by the integrated circuits,

The frequency of an astable multivibra-
tor varies if the supply voltage is changed
and it was found that if all the integrated

circuits were run from the same zenered
supply intermodulation occurred due to
supply regulation. It was thus necessary
to run the circuitry from three supplies
each zenered independently.

A full circuit diagram of the generator
is shown in Fig. 4.

Announcements

The Department of Electrical Engineering Science,
University of Essex, Wivenhoe Park, Colchester,
Essex CO4 38Q, will be holding its annual
Electronics Summer School for the week of July
7-11. Two courses will be run simultaneously. The
first course, ESS 8—Linear Circuit Design—is
concerned with the use of transistors and operational
amplifiers in linear applications such as amplifiers,
filtlers and power supplies. The second course, ESS 9
— Digital Circuit Design—concentrates on the use
of the transistor as a switch and develops design,
using integrated logic circuits; this leads on to
combinational and sequential logic concepts. Both
courses are aimed at the same introductory level
and the Summer School is probably most suited to
teachers running electronics clubs or taking “A”
level science courses.

A new independent microprocessor consultancy,

Pelco (Electronics) Ltd, 61 Lansdowne Place, Hove,
Sussex BN3 1FL, has been formed. to provide

www americanradiohistorv com

skilled advice as well as services not readily
available from manufacturer or distributor, including
hardware and software design programme testing
and de-bugging. The consultancy is backed by
Motorola in terms of technical resources.

Helios Electronics Ltd, manufacturer of professional
multichannel mixing desks, has moved to Browells
Lane, Feltham, Middlesex TW13 7ER.

Lohuis Electro BV of Holland have appointed Leron
Electronics Ltd, 78 Central Buildings, 24 Southwark
Street, London SE1 1TU, as their sole distributors
in the UK. In addition to a comprehensive range
of standard filament and neon instrument lamps,
Leron Electronics are also able to supply special
lamps to meet most application requirements.

Advance Electronics has appointed Sensors &
Systems Ltd as distributor for the Advance MT
range of magnetic transducers. Sensors & Systems,
of Melbourne, Derbyshire, will handle all small-
quantity orders (for below 20 devices) at a price of
£9 per device. In addition, Sensors & Systems will
offer a service for the supply of complete systems
incorporating transducers and other Advance control
products. . :
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/hake, rattle & roll.

Welcome to our chamber of horrors. Inside the Shure Quality Control laboratory,
some of the most brutal product tests ever devised are administered to Shure micro-
phones. The illustration above shows a ‘‘shaking” machine at work on a Shure
microphone and noise-isolation mount. It's only one in a battery of torturous tests
that shake, rattle, roll, drop, heat, chill, dampen, bend, twist, and generally commit
mechanical, electrical and acoustical mayhem on off-the-production-line samples
of all Shure microphones. It's a treatment that could cause lesser microphones to
become inoperative in minutes. This kind of continuing quality control makes
ordinary ‘‘spot checks” pale by comparison. The point is that if Shure microphones
can survive our chamber of horrors, they can survive the roughest in-the-field
treatment you can give them! For your catalog, write:

Shure Electronics Limited ' ®
Eccleston Road, Maidstone ME15 6AU ‘! S-HURE
Telephone: Maidstone (0622) 59881 y |

WW-—032 FOR FURTHER DETAILS
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NEW LOW PRICES!

Sinclair Scientific kit

(Was £19.95-save £5!)

Britain’s most original calculator
now in kit form

The Sinclair Scientific is an altogether
remarkable calculator.

It offers logs, trig, and true scientific
notation over a 200-decaderange —
features normally found only on
calculators costing around £100 or
more.

Yet even ready -built, the Sinclair
Scientific costs a mere £21.55
(including VAT).

And as a kit it costs under £15/

Forget slide rules and four-figure
tables!

With the functions available on the
Scientific keyboard, you can handle
directly

sin and arcasin,
cos and arccos,
tan and arctan,

automatic squaring and
doubling,

log .o antilog.o, giving quick
access to x¥ (including square
and other roots),

plus, of course, addition,
subtraction, multiplication,
division, and any calculations
based on them.

In fact, virtually all complex scientific or
mathematical calculations can be
handled with ease.

Sois the Scientific difficult to
assemble?

No. Powerful though itis, the Sinclair
Scientific isa model of tidy
engineering.

All parts are supplied —all you
need provide is a soldering
iron and a pair of cutters.
Complete step-by-step
instructions$ are provided,
and our Service Department
will back you throughout if
you’'ve any gueries
or problems.

Of course, we'll happily
supply the Scientific
or the Cambridge

already built, if you
prefer —they're still
exceptional value.
Use the order form.

Wireless Waorld, March 1975

£14.95

(INC. VAT)

Components for Scientific kit
(illustrated)
1. Coll
2. LSlchip
3. Interface chips
4. Case mouldings, with buttons,
windows and light-up display in
position
. Printed circuit board
. Keyboard panel
. Electronic components pack
(diodes, resistors, capacitors, etc.)
. Battery assembly and on/off switch
. Soft carrying wallet
10. Comprehensive instructions for use

w ~N oo

Assembly time 1s about 3 hours.

Features of the Sinclair Scientific

™ @ 12functionsonsimple keyboard
Basic logs and trg functions (and their
inverses), all from a keyboard as simple as a
normal anthmetic calculator’'s. 'Upperand
lower case’ operation means basic
arithmetic keys each have two extra
functions.

8B6629-01

@ Scientific notation
Display shows 5-digit mantissa, 2-digit
exponent, both signable.

1rad 57-2958" i

sil—lclai'_ n 10 2-30259 . 200-decaderange
e 2:71828
™ 314159

Scientific
i @ Reverse Polishlogic
Post-fixed operators allow chain
calculations of unlimited length -
eliminate need for an = button.

@ 25-hour battery life

4 AAA manganese alkaline batteries
(e.g. MN 2400) give 25 hours continuous
| use. Complete independence from external

¥ antilog
n power.

4 ta

b & Genuinely pocketable
¥ arctan : 41/3"x2"x11/16”. Weight4 oz
Ay - : %  Attractively styled in grey, blue and
white.

wwWw americanradiohistorv com
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NEW LOW PRICES:

Sinclair Cambridge kit

(Was £14.95-save £5!)

Now only

£9.95

(INC. VAT)

Atits new low price, the original
Sinclair Cambridge kit remains
unbeatable value

In less than a year. the Cambridge
has become Britain’s most popular
pocket calculator.

It’s not surprising. Check the
features below - then ask yourself
what other pocket calculator offers
such a powerful package atsuch a
reasonable price.

Components for Cambridge kit

. Coil

. LSlchip

. Interface chip

. Thick film resistor pack

. Case mouldings, with buttons,
window and light-up display in
position

. Printed circuit board

. Keyboard panel

. Electronic components pack
(diodes, resistors, capacitors,
transistor)
9. Battery clips and on/off switch

10. Soft wallet

Assembly time is about 3 hours.

OEWN =

o~

Features of the Sinclair Cambridge

@ Uniquely handy package.
41/3"x2"x11/16”, weight31/2 oz.

@ Standard keyboard.
All you need for complex calculations.

@ Clear-last-entry feature.
@ Fully-floating decimal point.
@ Algebraic logic.

@ Fouroperators (+. —, x. : ). with
constanton all four.

@ Powerful constant with separate 'K’
button.

@ Constant and algebraic logic combine to
act as a limited memory, allowing complex
calculations on a calculator costing less
than £10.

@ Calculatesto 8 significant digits

@ Clear, bright 8-digit display.

@ Operates for weeks on four
AAA batteries.

waany americanradiohistorv.cam.

Take advantage of this
money-back, no-risk offer today
The Sinclair Cambridge and Scientific
kits are fully guaranteed. Return either
kit within 10 days, and we'll refund
your money without question.

All parts are tested and checked before
despatch —and we guarantee any
correctly-assembled calculator forone
year. (This guarantee also applies to
calculators supplied in built form.)
Simply fill in the preferential order form
below and slipitin the post today.
Scientific '

Price in kit form £14.95 inc. VAT
Price built £21.55 inc. VAT.
Cambridge

Price in kit form £9.95 inc. VAT.
Price built £13.99 inc. VAT.

I |

I To: Sinclair Radionics Ltd,
I FREEPOST,Stlves,
Huntingdon, Cambs. PE174BR

I

Please send me I

| (] Sinclair Scientific kitat £14.95 |

[ ] Sinclair Scientific built at £21.55 I
[] Sinclair Cambridge kit at £9.95

[7] Sinclair Cambridge built at £13.99 |

I

All prices include 8% VAT.

*Jencloseachequeforf .. ... ...

made out to Sinclair Radionics Ltd.
and crossed.

*Please debit my *Barclaycard/
Access account. Account number

|

|

|

|

|

|

|
I*FIIIJIIIIIIIJ
|
|
|
|
|
|
|
|

Name

Address

I
I
I
|
I
I
I
Signed I
I
I
I
I
I

Please print. FREEPOST — no stamp

needed.
WW/3/75

sirncCisEir

Sinclair Radionics Ltd,
FREEPOST,Stlves,
Huntingdon, Cambs. PE174BR.

Reg. No:699483 England. VAT Reg. N0 :213817088.
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The quality of EMI Colorline cable television
equipment is proved daily in systems bringing high
quality television to hundreds of thousands of
people—particularly in Europe.

Now EMI introduces a new range of modular
VHE network amplifiers offering full two-way
facilities.

The new range—the Colorline RE1000 series—
has a basic forward bandwidth of 40-300 MHz with
optional reverse band-widths of 5-30 MHz or
5-100 MHz. At the same time EMI also introduces
a unique multi-channel
VHF/UHF Distribution
Converter. It enables up to seven
channels to be converted from
a VHF trunk network into the
UHF bands for local distribution.

This new equipment,
complemented by our Colorline
RE900 series of VHF push-pull
equipment and by the ME 690
modular series of VHF/UHF

EMI offers a
wider choice of options

in cableTV.

MATYV equipment provides the systems designer
with an even greater variety of options to meet
virtually every requirement of VHF and UHF
cable distribution.

As pioneers in the development of high
definition television, EMI has accumulated

nearly forty years experience in every aspect of
television broadcasting—embracing hardware,
software and practical operating ‘know-how?
This unique breadth of experience makes us
highly competent to help you. Contact us at the
.. planning stage.

That's what we'rein

business for.

E0

EMI Telecommunications

A member of the EMI Group of Companies.
International leaders in music, electronics and leisure.
EMI Telecommunications Division. EMI Limited.
252, Blyth Road, Hayes. Middx.. England.

Tel: 01-573 3888. Telex: 25145

Cables: EMISOUND London.

WW-—172 FOR FURTHER DETAILS
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The use of video tape recorders
with domestic TV

by A.-C. Smaal

Central Applications Laboratory N.V. Philips Gloeilampenfabrieken, Eindhoven

Domestic television receivers were not developed with any other requirement in mind but the
reception of broadcast signals. The anticipated growth of video tape recorders for domestic
use will pose problems in that mains-transformerless receivers will require isolation from v.t.rs,
while the video signal must not suffer deterioration. Additionally, the reduction in quality of the
recorded signal compared with a broadcast signal will mean design changes in receiver time-base
circuitry. This article examines these problems, posing some possible solutions.

A basic video tape recorder (v.t.r.) requires
a video frequency signal during recording
and produces a video frequency output on
playback. When a domestic TV receiver
is employed either as a signal source or as
a display monitor in conjunction with a
v.tr., the video information should ideally
be exchanged at video frequencies. The
fact that domestic TV receivers are
usually not isolated from the mains supply
is a serious obstacle to such a straight-
forward signal transfer; the TV receiver
must be isolated or provided with some
form of isolating adapter.

There are several methods of isolating
the receiver. An isolating transformer can
be inserted between the mains supply and
the receiver; this is an effective but
expensive solution. Alternatively, an
isolating switch-mode power supply’
could provide the answer, but at present
this is not to be found in most receivers.
It is also possible to employ a relay which
automatically connects the receiver chassis
to the mains neutral line, but this method
requires that an earth connexion be
available at the receiver, which is contrary
to normal “entertainment” practice; further-
more, such an arrangement cannot be used
with receivers containing a bridge rectifier
power supply. Some form of chassis-
isolated video-frequency adapter is thus
needed to act as a safe output and/or
input for the receiver, without introducing
distortion.

Video-frequency adapters. Apart from
providing electrical separation from the
mains supply, the adapter should obviously
transfer the wideband video signal. One
method which is currently employed con-
sists in modulating the video information
on to a carrier and subsequently injecting
it into the receiver. However, processing the
video information in this way involves
expensive and cumbersome circuitry if loss
of video information is to be avoided.

A more attractive solution has been found
in the design of a special wide-band video
transformer, which fulfils the most impor-
tant safety requirement. An adapter using
such a transformer has recently been
developed with satisfactory results. Other
systems are still under investigation, for
example a light-coupler (a light-emitting
diode combined with a photo-detector in a
common envelope), which provides the
required isolation. This method is parti-
cularly promising because the performance
of light-couplers is improving while at the
same time théir price is going down. Other
isolating  signal-transfer devices using
Hall generators and piezo-electric materials
are undergoing evaluation.

Adapter functions. So far only the transfer
of video information has been considered,
but in a practical system the adapter will
have other. functions to perform as well.
It must transfer the audio signal, switching
instructions and colour information, and,
at the same time, it should not affect the
proper operation of the receiver when the
v.t.r.is connected.

There are no particular problems in-
volved in the transfer of the audio signal.
Isolating transformers with the necessary
bandwidth are readily available.

The switching function is required to
change the receiver from its normal state
to one more suitable for monitoring. In
particular the r.f., video and sound i.f. sec-
tions should be made inoperative to avoid
interference by spurious signals while the
receiver is acting as a monitor. Further-
more, v.t.rs may display considerable time-
base errors so that the line flywheel
constant in the receiver must be changed
for optimum picture display.

Colour information may be transferred
either in a composite signal, as in pro-
fessional practice, or as decoded (chromin-
ance separated from luminance) in the
receiver; in the latter case the two
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components are applied separately to the
recorder where they are combined in a
form suitable for recording. However, from
the proposal now circulating within the
IEC and DIN?, it appears likely that colour
information transfer between receiver and
recorder for domestic and educational pur-
poses will be by means of a composite
video signal.

If the receiver is to function correctly
when used in conjunction with a v.t.r., the
adapter must match the two equipments
correctly and, moreover, ensure correct
signal polarity, amplitude and level unless
provision has been made in the receiver to
doso.

The foregoing considerations are only
general, and no attempt has been made to
analyse the requirements of any particular
adapter system. Because of the lack of
standardization and the wide variety of both
receivers and v.trs there would be little
point in discussing a particular example.
However, some degree of standardization
has been achieved upon the introduction
of the Philips video cassetterecorder (VCR).
The system used in this equipment has been
accepted as a basis for standardization in
Western Europe. (It is hoped that some
standardization of the form and function
of the connexion point provided for v.t.rs
may also be achieved.) Wherever specific
examples are required, the Philips VCR
will therefore be cited.

Receiver design. The v.t.r. is the first equip-
ment which is intended for connection to
the domestic model TV receiver? Hitherto,
the TV receiver designer has had consider-
able design latitude, and this has, in turn,
resulted in many different types of receiver
chassis. However, as home video equip-
ment sales increase, many customers will
expect a receiver to be so designed that it
can be adapted to recording and/or repro-
ducing apparatus.

The extent to which domestic TV sets
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will need modification depends on the
characteristics of the recording/reproduc-
ing equipment with which they are to be
used. This article will therefore discuss the
peculiarities of v.t.rs as these affect the
monitoring apparatus.

Video tape-recording

The present-day v.t.r. is a largely mech-
anical device, and, as is to be expected, any
shortcomings of its mechanical properties
may seriously affect signal processing.
Electronics can be used to help to maintain
the played-back signal to the original
broadcast standards by means of servo
systems, electronically variable delay lines,
dropout eliminators or other devices. Un-
fortunately, economic or other considera-
tions will often prevent the application of
such correction methods.

Mechanical shortcomings are apt to
assume greater importance when a tape
recorded on one machine is to be replayed
on another. As a general principle, it is
desirable that an acceptable picture should
still result if a recording is made on av.t.r.
whose tolerances are all at one limit, and
played back via another v.tr. whose
tolerances are at the other limit.

The effects of electrical and mechanical
spreads may not be the same for all record-
ing systems. Before examining video
recorder faults in detail, we shall discuss
some variants of the v.t.r. with reference
to the direction of the video tracks on the
magnetic tape.

In transverse recording, shown in Fig. 1,
the tape is held in contact with the curved
surface of a spinning drum which contains
the video heads. The tape is moved past
the heads in a direction parallel with the
axis of rotation of the spinning drum,and a
succession of parallel tracks is recorded
which run almost perpendicular to the
length of the tape. The very high scanning
speed of the heads provides sufficient band-
width to allow frequency-modulated record-
ing of the complete TV signal. Unfortunate-
ly, the mechanical and electronic com-
plexity of this system makes it economically
unattractive for domestic applications.

——a

video tracks

=—Db

= C

Fig. 1. Pattern of the tracks recorded onto
avideo tape produced by a *‘transverse’’
mode v.t.r. The edge tracks a, b and c are
available for sound, synchronization
pulses, and cue.

In the longitudinal recording method of
Fig. 2, the tape is drawn past a stationary
video head at the high speed necessary to
allow a video signal to be recorded. The
resulting high tape consumption and short
playing tme for any one tape track are
distinct drawbacks of this system.
Domestic recorders using the longitudinal
system are still in the experimental stage.

-

video tracks
=-b

= =y

Fig. 2. Pattern of the tracks produced by a
“longitudinal’’ modev.t.r. Tracksa, b

and c are also used for sound, synchroni-
zation pulses and cue.

In helical recording systems, of the Fig.
3 type, the tape is wrapped as a part turn
of a helix around a revolving drum. The
head rotates on the axis of the drum, and
scans tracks at a small angle to the direction
of motion of the tape. Recorders using the
helical system are being used increasingly
in applications wherever a picture quality
less than broadcast standard is acceptable.

o -a

— . =
/ideo tracks

E ¢
Fig. 3. Pattern of the track employed in

helical recording. Again, a, band c are
sound, synchronization and cue tracks.

tape tape
contact
{ angle \

drum

Fig. 4. Representation of the contact
angle.

V.irs are available with practically
every variation on the helical theme: the
tape contact angle in Fig. 4 may range
from 90° to 360°, one or several heads and
one or several fields per video track may be
used, and there are various tape transport
speeds and tape widths in use. Most v.t.rs
for the entertainment sector, including the
Philips v.c.r., are of the helical type.

Shortcomings of helical-scan recorders
Line frequency deviation. The head-to-
tape speed in a helical recorder has two
components: the tape speed and the head
speed. Provided the angle of the track
with respect to the longitudinal direction
of the tape is small, the effective head-to-
tape speed is nearly equal to the algebraic
sum of the two components.

If a tape receives a video recording
at'a given scanning speed and is played
back at a different scanning speed, the line
frequency observed at playback will be
shifted in the ratio of the two scanning
speeds. Head-to-tape speed in helical
recorders is therefore controlled by means
of synchronization pulses recorded on to
the tape together with the programme
material; one of the tracks a, b, or ¢ of
Figs. 1, 2 and 3 may be used for this
purpose.

At playback these pulses can be applied
to servomechanisms to control either the
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rotational speed of the head or both the
head and tape speed. If only the head
speed is controlled, the tape speed being
determined by a mains-driven synchronous
motor, then any deviations in tape speed
(whether caused by mains frequency or
other variations) will directly affect the
frequency of the synchronization pulses
obtained from the tape and, hence, the
head speed. In recorders using servo
control of both head and tape speed the
variation of the line frequency observed
will be essentially determined by the
stability of the reference oscillator from
which the synchronization pulses are
derived, and with which they are com-
pared.

If the various factors which determine
line frequency deviations fluctuate in
time, the reproduced line frequency will
be subject to continuous modulation. The
magnitude of this frequency “wobbling”
depends on the tolerances imposed on the
head and tape speeds of the apparatus
used.

Phase jump. When, during both recording
and playback, the tape speed, head disc
angular velocity, and tape contact angle
are all kept constant, the scanning speed
will vary if the drum diameter is subject
to changes (due to temperature fluctua-
tions). Since the rotational speed remains
constant, a varying scanning speed will
result in a line frequency deviation. If this
occurs and the field frequency remains
correct, the number of lines per field will
change, and this will result in a jump in
the position of the sync pulse and in the
picture content as the heads change over
from one track to another.

If the tape is distorted, whether as a
result of humidity, tension, or changes in
temperature, the track length will also
be changed, and this will have the same
effect as a varying drum diameter.

Gap. Another fault, which can be associ-
ated with the effect of mechanical spread,
is the loss of lines in a raster, causing a
gap. This may occur when the position
of the video head orbit with respect to the
tape is incorrect. Such changes are norm-
ally due to guiding errors.

Fig. S illustrates the effect of such a
tape guiding error during recording. When
the distance between the tape guide and
the chassis during recording is A, then
a track P-Q is scanned (Fig. Sa). If, on
playback this distance is &’ (Fig. 5b), the
scanned track will be P'-Q'. Consequently,
information recorded on Q-Q' is lost, and
no signal is found on section P-P’. As a
result, a gap appears in the video signal.
Since guiding errors do not influence the
lengths P-@ and P'-Q’, these errors will
not affect the reproduced line frequency.

A similar effect is -observed when the
angles between the tape transport direction
and the orbit of the video heads are not
identical during recording and playback.

Lastly, a reduction in the angle of con-
tact between the tape and the video head
drum will lead to loss of video information
since the recorded track will not be
scanned at either end during playback.
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tape
guide

chassis

(a)
Fig. 5. Effects of tape guiding errors.

The designer of a v.t.r. can arbitrarily
choose the location of any gap which may
occur during the field scan. If a phase
jump is to occur it will take place im-
mediately after the gap. It is logical that
most of the picture disturbance resulting
from a phase jump should be concealed
by the frame blanking interval. This can
be done by locating the gap either immedi-
ately before or after the vertical sync pulse.

Head position error. If two circumferenti-
ally mounted heads are not placed exactly
opposite each other on the scanning disc,
the intervals between their coming into
contact with the tape will differ. Since the
heads might both be either in or out of con-
tact with the tape simultaneously, either
two signals will be present together or there
will be a momentary lack of video signal.
In addition, the line scanned at the moment
of head changeover will be alternately too
long or too short.

Burst phase fault with slowed-down or
“frozen” picture display. Unlike the other
recording systems mentioned earlier,
helical recording allows slow-motion or
still picture display by simply slowing down
or stopping the tape. As the tape speed is
altered, the length of the track scanned
by the video heads will become different
from the track recorded. However, the
servo system will keep the field time during
which the track is scanned identical to that
during which it was recorded, thus changing
the number of lines in each field. If the tape
moves against the direction of the heads,
then the number of lines in a stationary
picture field will be decreased, whereas
the number will be increased if the tape
moves with the heads.

If, in a “frozen” colour field, the number
of lines is odd, the phase of the alternating
burst (PAL) will be incorrect at each
repetition at the beginning of each field,
making it necessary for the receiver to re-
identify every time. (This re-identification
must occur sufficiently fast to obtain a
correct colour picture.) For an even num-
ber of lines in the field, the burst phase will
always be correct and repeated re-identifi-
cation by the receiver will not be necessary.

Practical considerations. The errors so far
described may occur independently of each
other, and will thus seldom be present
simultaneously. In fact they may com-
pensate each other to some extent. For
example, a variation of the drum tempera-
ture will affect the track length, but if this
is accompanied by the same temperature
variation of the tape, this tends to com-
pensate for it.

Nevertheless, the errors described above
may be so serious that they impair the
operation of current model TV receivers.
To minimize these errors, the key com-
ponents should be manufactured to
extremely close tolerances. Taking the
scanning assembly of the Philips VCR as a
case in point, the tolerance allowed on the
drum diameter of 105mm is only 22pm,
and that on the angular separation of 180°
of the video heads is within Suym of the
mounting diameter, at the circumference
of the disc. Further mechanical precision
is hardly practicable in mass production,
and the remaining errors may be corrected
far more cheaply by adaptation of the TV
receiver than by closer tolerance manu-
facture methods.

In order that the adaptation problems
encountered by the receiver designer may
be fully appreciated, some examples will be
given of the size of the errors likely to be
encountered. Pending international agree-
ment on consumer v.t.r. standards, the
errors quoted will be based either on those
of the Philips VCR model N1500, or upon
proposals, for the VCR system standard or
for the interconnection between v.t.rs and
TV receivers, made to the IEC and DIN.

First, five errors are dealt with which are
essentially due to mechanical tolerances
of the equipment. Subsequently three
errors are considered which depend mainly
on the electrical circuits employed.

Tolerances of the VCR video signal

Mean line frequency deviations. In the
IEC draft recommendation for 50Hz
625-line PAL or SECAM VCR standards
for other than professional-type equipment,
tape speed and tolerances are as given in the
Table. In equipment provided with only a
head-disc servo system, the recorded line
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frequency may deviate by +2%. This
implies that under worst-case conditions
the variation between recorded and repro-
duced line frequencies may be +4%.

In equipment provided with both head
and tape speed servos, the mean line
frequency deviation is restricted to 1%
under worse-case conditions. This figure
is mainly governed by the reference source
(usually the mains electricity supply) which
is used during playback.

Line frequency wobble. In addition to the
mean value of the line frequency being
subject to deviations, the line frequency
may be modulated so that it wobbles.
Because it is seldom practicable to deter-
mine the spectral components of this
modulation theoretically, the permissible
percentage of wobble is presented in the
form of a graph, Fig. 6. The curve gives the
limit of the permissible “wobble figure”
W as a function of the modulation fre-
quency; W is defined as the ratio of

Jfin» the nominal line frequency, to 4f;,
the total frequency swing about f;,,.

Fig. 6 applies essentially to the presence
of only one modulation frequency. It is
difficult to predict the subjective effect on
the picture when the line frequency is modu-
several wobble

lated by frequencies

W(%)
02 |
01
005
0025

' 00 230 11000 ' 10000

625 2,500
(Hz)

Fig. 6. Limits imposed on the frequency
components of line frequency *‘wobbling”’
in the Philips model VCR N1500. The
wobble figure W is defined by W= Af [f,,
wheref,, is the nominal line frequency and
Afy is the total frequency swing about f;,.

simultaneously, since their amplitude and
phase vary during playback. Experience
has shown that the picture will be accept-
able when the wobbling is within the limit
shown in Fig. 6, provided that the line sync
circuit of the monitoring receiver has been
suitably modified for use with a v.t.r.

Gap width. The gap width does not
exceed five lines.

Phase jump. The theoretical worst-case
values of the phase jump are + 20pus and
—20us, but in practice it is sufficient to
allow for a phase jump of + 15ps.

Head position error. The maximum phase
jumps occasioned by head location
tolerances are +0.6ps, so that for the
played back signal allowance should be
made for a phase jump of + 1.2ps due to
head position errors.

Gap. The gap and the video signal deteriora-
tion discussed below, which are to be
attributed mainly to the electrical circuits,
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Fig. 7. Signal parameters used for
defining errors of the video signal.

will be discussed with reference to Fig. 7,
which defines the various signal para-
meters.

The centre of the gap is located eight
lines before the vertical sync pulse with a
maximum spread of +7 and —5 lines. The
signal level of the gap, V5, and the inter-
ference level, V,, do not exceed 0.3V zand
0.6V grespectively.

Video signal deterioration. Assuming the
luminance and chrominance signals to be
available separately, the peak-to-peak
value of the signal V¢ (including the sync
puise) produced across a 75Q load, is 1.0V,
+3dB, Vg, not exceeding 1.5V. The ratio
of the sync pulse to the signal amplitude,
V ¢/V 55, during playback may differ up to
10% from this ratio during recording. The
remainders of the carrier on the sync
pulse, V,; and V,,, do not exceed 0.2V
and 0.3V respectively.

Chrominance deterioration. Again assum-
ing the luminance and chrominance signals
to be available separately, the peak-to-peak
value of the colour burst amplitude of the
VCR is 80mV +3dD. (In the composite
video signal proposed it will be 300mV,
+0, —6dB.)

The time difference between luminance
and chrominance at playback is equal to
that on recording. Subcarrier frequency
fluctuations are kept within + 150Hz by a
special frequency mixing system.

When a picture is “frozen” by stopping
the tape transport mechanism, the number
of lines is increased from 312.5 to 318 per
field, which, from the considerations dis-
cussed previously, does not make it neces-
sary for the receiver to re-identify for each
field.

Special requirements imposed on
the TV receiver

Because of the shortcomings which are
associated with low-cost video recorders
for the entertainment market, the video
signal which the domestic v.tr. delivers
differs markedly from broadcast standards.
Until the advent of the home v.tr., a
domestic TV receiver was only required to
cope with standard signals, and consider-
able circuit refinement has been introduced
which is intended to optimize sync per-
formance on weak, but standard, signals.
Until an inexpensive v.tr. equipment
appears which delivers a high-standard
video signal, optimal resuits from the com-
bination of v.t.r. and TV receiver can be

achieved only if receiver manufacturers
introduce certain design modifications.
The following sections indicate some of the
more important arguments on which these
modifications should be based.

Synchronization. The quality of the picture
on the screen of a TV receiver is largely
dependent on the stability of the line time-
base. Most modern receivers employ fly-
wheel sync circuits, the time constants of
which are a compromise between the large
value required to reduce the influence of un-
wanted signals (noise, interference etc.),
and the short value required to obtain a
large catching range.

It is an inherent property of the flywheel
circuit that the line oscillator will correct
itself only slowly after any phase jump such
as may be present in the v.t.r. signal. This
effect is illustrated by the photographs of
Figs. 8 and 9, which show a normal test
pattern displayed by a receiver with a
“standard” timebase, and the same test
pattern, but with a + 16ps phase jump,
displayed on the same receiver.

Fig. 8. Test pattern displayed on the screen
of a normal TV receiver; no specific
abnormalities in the video signal, the
receiver has a slow flywheel circuit.

Fig. 9. Test pattern of Fig. 8 applied to the
same receiver. In this case the video signal
is affected by a + 16 ps phase jump.

Evidently, when a domestic TV receiver
is to be used with a v.t.r., optimum perform-
ance will not be obtained uniess a new
balance is struck between the conflicting
requirements for the flywheel constant. If
the phase jump disturbance, even when
it is concealed in the vertical blanking pulse,
is not to persist into the visible picture, then
the flywheel circuit should meet the follow-
ing characteristics:

—The maximum of the overshoot should be
reached, at the latest, 20 lines after the
phase jump.
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Fig. 10. Same signal as in Fig. 9, but
applied to a receiver with a faster flywheel
circuit.

Fig. 11. To emphasize the effect of the speed
of the flywheel circuit, the phase jump is
made to appear in the centre. In (a) the
receiver has the usual slow flywheel circuit,
whereas in (b) the flywheel circuit of the
same receiver has been speeded up.

—This maximum should not reach 5% of
the phase jump.

—Following the maximum, the overshoot
should decay linearly to zero.

Provided that these requirements are met,

the distortion of the vertical lines will be

scarcely perceptible. Comparison between

slow and fast flywheel circuits is provided

by Figs. 10 and 11, which show the effect

of phase jumps with and without timebase

modifications.

In arriving at the foregoing conclusions
it has been assumed that the horizontal
sync circuit control loop is continuously
updated. This may not always be the case.
If a coincidence detector is used in the sync
pulse path, for example if updating in-
formation is supplied to the control loop
only during flyback, or if phase comparison
is carried out by means of short pulses
instead of by means of the sync pulse and
a sawtooth voltage, then the flow of control
information can be interrupted by a large
phase jump. The line timebase will then fail
to be corrected immediately after the phase
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jump, and distortion of the type shown in
Fig. 11 will persist for a longer period of
time. Such an effect may be observed, for
instance, with the “Gassman” circuits. To
avoid this type of difficulty, the line
oscillator sync circuit should continue to
function through phase jumps of + 15ps.

A circuit in which all these requirements
are met will generally have a larger noise
bandwidth. Since this will increase the
likelihood of interference to the picture
during reproduction, the noise bandwidth
increase should be minimized.

Since the parameters which determine
the performance of the line sync circuit
cannot be optimized for good response
both during normal reception and v.t.r.
monitoring, the flywheel constants should
be altered during v.tr. playback. The
requirement for such a change is inde-
pendent of the way in which the receiver
is linked to the v.t.r. (r.f.,if. or v.f.).

Picture distortion, image raggedness for
example, may also result from line
frequency fluctuations (wobbling). How-
ever, if the timebase characteristics have
been modified to accommodate a 15ps
phase jump, this type of picture distortion
will also be reduced to an acceptable level,
at least theoretically.

When the video signal is transferred to
the receiver by r.f. or if. signals the
absence of line sync pulses must not
influence the a.g.c. voltage applied to the
r.f. or if. sections of the receiver. If the
a.g.c. system were to respond to the loss of
lines during a gap, the sync separator might
detect part of the video signal.

Chrominance section. Line frequency devia-
tions and phase jumps affect the time
relationship between the sync pulse and the
line flyback pulse. In colour receivers, where
the burst key pulse is derived from the
horizontal flyback, this effect may cause
the burst detector to be fed with either the
wrong information or none at all. The time
constant of the colour killer circuit should
therefore be such that reaction to mis-
leading information of this sort is avoided.
In addition, the time constants of the circuit
must be such that the gain is. kept sub-
stantially constant during this period.

The duration and extent of this unwanted
situation depend on the behaviour of the
line flywheel circuit during playback. Since
the phase jump will be less than one line
period, no lines are skipped, so the PAL
alternating burst will have the correct
phase at the start of each new frame and
repeated identification by the receiver will
not be necessary.

Subcarrier oscillator. The lock-in range
of the reference oscillator must be large
enough to ensure synchronization at the
extremes of the deviations of the frequency
of the reproduced subcarrier.
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March meetings
LONDON

4th. TEE—*“Stored programme control” by Dr
K. Warren at 18.00 at Thames Polytechnic,
Beresford St., SE18.

5th. IERE—Colloquium on “Exploiting: the
PROM?” at 14.00 at 9 Bedford Sq., WC1.

Sth. AES—*“A. D. Blumlein: inventor extra-
ordinary” by F. P. Thomson, E. L. C. White and
P. B. Vanderlyn at 19.00 at the Wellcome Lecture
Hall, The Royal Society, 6 Carlton House Terrace.
SWI1.

5th. BKSTS—*“Gevachrome II—a new colour
reversal system for production and news” by R.
Huybrechts and R. Verbrugghe at 19.30 at Thames
Television Theatre, 308316 Euston Road, NW1.

6th. IERE/IEE/IEETE/SERT—Colloquium on
“Modular courses™ at 10.00 at 9 Bedford Sq.. WC1.

6th. IEE—*The scanning electron microscope and
other electron probe instruments” 66th Kelvin
Lecture by Prof. Sir Charles Oatley at 17.30 at
Savoy Pl., WC2.

6th. RTS—“How scientific programmes are put
together” by P. D. J. Daly at 19.00 at London
Weekend Television South Bank TV Centre. Upper
Ground, SEI.

10th. ITEE—“Microwave heating” by Dr R. B.
Smith at 17.30 at Savoy Pl., WC2.

11th. IEE—Discussion on “On-line computing
in a control systems teaching laboratory” at 17.30
at Savoy Pl., WC2.

12th. RI of Naval Architects—*“The changing
situation in long-haul navigation” by A. White at
17.00 at 10 Upper Belgrave St., SW1.

12th. IEE/IES—“The impact of electronics on
lighting” by A. Isaacs at 17.30 at Savoy PI.. WC2.

12th, IERE—*Acoustical holography” by J. W.
R. Griffiths at 18.00 at 9 Bedford Sq., WC1.

17th. IEETE—Panel on “Europe today” at 17.45
at the IEE Lecture Theatre, Savoy Pl., WC2.

18th. IEE—Discussion on “Have batteries a
future in aircraft?” at 17.30 at Savoy PL., WC2.

19th. IERE—Colloquium on “Wedding cal-
culators to instruments” at 10.00 at 9 Bedford Sq.,
WCI.

19th. TEE—Discussion on “Further degrees—
should they be industry or college based?” at 14.00
at Savoy PL., WC2.

19th. BKSTS—“A review of electronic grading
methods” by L. B. Happé at 19.30 at Thames
Television Theatre, 308—316 Euston Road, NW1.

24th IEE—“Data transmission aspects of the
British Railways T.O.P.S. project” by W. K. H.
Dyer at 17.30 at Savoy Pl., WC2.

25th. IEE/IERE—Colloquium on “Solid state
serial stores” at 14.30 at Savoy Pl., WC2. .

25th. IEE—“Automated animation and the
computer” by Dr A. Jebb at 17.30 at Savoy Pl.,
wWC2.

26th. IEE—“Landing guidance systems for the
future—who rules the microwaves?” by C. P.
Sandbank at Savoy Pl., WC2.

26th. BKSTS—*“BKSTS test films” by Ray
Knight at 19.30 at Thames Television Theatre,
308-316 Euston Road, NW1.

CHATHAM

6th. IJERE—*“Flight recording in civil aviation”
by P. Waller at 19.00 at the Lecture Theatre, 18
Medway and Maidstone College of Technology,
Maidstone Rd.

CHELMSFORD

26th. IEE—*“Sonar and underwater com-
munications” by D. J. Creasey at 18.30 at the King
Edward VI Grammar School, Broomfield Rd.

DORKING

19th. IEE—*“X-ray astronomy” by Prof. R. L. S.
Boyd at 19.30 at Mullard Space Science Labora-
tory, Holmbury St. Mary.

EDINBURGH

1 1th. IEE—Faraday lecture—“The social com-
puter” by Desmond H. Pitcher at 14.00 and 19.00
at the Usher Hall. .
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EXETER

6th. IEETE—“The Sony colour cartridge video
cassette” by D. Hyde at 19.30 at Imperial Hotel,
St. David’s Hill.

LEEDS

20th. IEETE—“Electrical and electronic
engineering in hospitals” by K. H. Dale and B.
Collins at 19.00 at Kitson College, Cookridge St.

LIVERPOOL

24th. IEE—Faraday lecture—“The social com-
puter” by Desmond H. Pitcher at 14.30 and 18.45
at the Philharmonic Hall.

LOUGHBOROUGH

4th. IEETE—*“Digital techniques in telecom-
munications” by D. Crampsey and D. G. Bennett
at 19.00 at King’s Head Hotel, High St.

MAIDSTONE
3rd. IEE—*Electricity in medicine” by Dr. L. H.
Green at 19.00 at the Royal Star Hotel.

MANCHESTER

6th. IEETE—*“Planned maintenance” at 19.30
at UMIST. Reynold Building, Sackville St.

17th. IEE—Faraday lecture—“The social com-
puter” by Desmond H. Pitcher at 19.30 at the
Free Trade Hall.

18th. IEE—Faraday lecture—“The social com-
puter” by Desmond H. Pitcher at 14.30 and 18.30
at the Free Trade Hall. :

NEWCASTLE

4th. IEE—Faraday lecture—“The social com-
puter” by Desmond H. Pitcher at 14.15 and 19.15
at the City Hall.

READING

6th. IERE—“Liquid crystals and device appli-
cations” by I. A. Shanks at 19.30 at the J. J.
Thomson Physical Laboratory, University of
Reading, Whiteknights Park.

@-Yeurs Ago)

March 1915, and Britain was well in the thick
of World War 1, with wireless playing quite a
remarkable part considering its rather primitive
nature. This short item from the Wireless World
for that month describes an incident in
which wireless was instrumental in aiding the
destruction of the German warship Emden.

“The December 21 issue of The Katipo,
the official organ of the New Zealand P. and T.
Officers’ Association, came recently to hand,
and contains much interesting matter. In the
account of the Emden capture, which figures
in this number, we read: ‘Now that the details
are dribbling through, our service can throw
its chest out in very aggressive style. The
narrative goes on to describe the good work
done by Sapper W. C. Falconer, of the Eltham
Staff, who was the first to pick up the messages
from Cocos Island on November 9. It would
appear that the Emden tried to block the
message by continuous interruption, but by
altering the tune of his receiver the operator
continued to read the Cocos Island message,
-and duly reported it to the Naval Transport
Officer. The result we all know, the Sydney
went in hot pursuit of the Emden and des-
troyed her. This stirring story our contemporary
ends with the words, “All honour to Sapper
Falconer for a fine piece of work for the
Empire.””
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Letters fo
the Editor

HORN LOUDSPEAKER
OUTPUT

I would like to draw attention to acommon
fallacy concerning horn loudspeaker oper-
ation, which is propagated in the March,
1974, article by Mr Dinsdale. Mr Dinsdale
mentions “. . . the ungven bass response
illustrated in Fig. 4”, the diagram showing
graphs of throat impedance component
values plotted against frequency. Throat
resistance is shown in solid lines, and the
implication seems to be that the sound out-
put is directly related to this value.

Inasmuch as Fig. 4 carries the connota-
tion “(after Olson)”, I will cite the appropri-
ate areas of Acoustical Engineering in
dispute of the implications drawn from the
figure.

Firstly, sound output is a function of
motional impedance for a given current
flow (pp. 212—-214). Mechanical impedance
(here, horn throat value) is inversely
related to motional impedance:

(Bl)2 X 10—9

Zm

Zgy=

(equation 7.1, page 213)

Zgy is motional impedance; z,,is mechan-
ical impedance.

Obviously it is not proper to associate
frequency response directly with throat
impedance, even neglecting reactive effects,
since a rise in throat impedance will produce
a drop in motional impedance and may tend
to reduce the output.

Secondly, the magnitude of the effect of
throat impedance variations on sound out-
put cannot be simply stated, and in general
will be less than the magnitude of the im-
pedance variation (a very fortunate circum-
stance for the designer). For brevity I ex-
clude the mathematical development and
offer some short passages from the text:
<. . a relatively smooth output response fre-
quency characteristic can be obtained from a
horn having a mechanical impedance character-
istic varying over wide limits.”—page 220
«, . . the throat acoustical resistance may vary
over wide limits without introducing large
variations in power output.”—page 220
There is in this same section an example
shown in which

T

“Although the variation in acoustical re-
sistance is 6 to 1, the variation (in) power output
is only 2dB.”

(This example includes a generator re-
sistance, which will be close to zero in many

amplifiers, but the effect is not dependent -

on its presence.)

In the ’thirties, the telephone company
here produced a classic horn design. (I refer
to the reference system done by Dr E. C.
Wente, now deceased, of Bell Labs, who
held patents for the invention of the multi-
cellular horn, as originated for this system,
in addition to those for the driving units and
bass horn of the system. Possibly the con-
denser microphone would be the best
known of his innumerable inventions—he
in fact wrote to me that the speaker system
was considered an easy design to do, trivial.
This system was capable of outputs which
exceed that of an entire symphony orchestra,
with accuracy sufficient for facsimile repro-
duction in live vs. wired music demon-
strations.) As the system was investigated,
it was found necessary to position the high-
frequency unit back from the folded bass
section so as to preserve approximately
equal (within about two feet) path lengths
for the high and low notes. I believe that
this piece of history is of value in consider-
ing the positioning of low- and high-
frequency units of particular designs. (Cf.
J. K. Hilliard, “Notes on How Phase and
Delay Distortions Affect the Quality of
Speech, Music and Sound Effects,” IEEE
Trans. Audio, vol. AU-12, pp. 23-25,
Mar—~Apr., 1964.) It may be that the
suggestions in the June issue for horn de-
signs (the “no-compromise horn” and the
“mini-horn™) should be considered with
these data in hand. I see that the final
article in Mr Dinsdale’s series, like the rest,
contained no data on the parameters which
affect efficiency.

Let me close on a humorous note: I see
in the “References” listing of “Private
communication”, which seems a continua-
tion of an unfortunate trend in horn
literature, along with Klipsch’s references
to “Private correspondence”, “Private
communication”, and Olson’s gem, “Un-
published Report” of someone or other. If
this keeps up we are going to have a
terrible communication problem!

David R. Schaller,
Milwaukee,
Wisconsin, USA.

Mr Dinsdale replies:

I expressed the hope in the concluding
paragraph of my final article on horn loud-
speaker design (June 1974 issue) that
engineers far more expert than myself in
this subject might be persuaded to recount
their own experiences, and I am delighted
that Mr Schaller has responded.

His comments regarding the effects
of variations in throat impedance on
sound output are most valuable, and will
be reassuring to all who are designing and
building horns with restricted mouth
dimensions.

I was also interested in Mr Schaller’s
warning that the high frequency unit in a
multi-horn system should be positioned
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back from the bass unit so as to preserve
equal path lengths. I must confess that I
have not so far experienced any audible
distress from this cause in my own
domestic listening, and I feel that it might
be impossible to separate the two units as
advocated in a relatively small horn
system for domestic use.

I am not aware of any quantitative
data being available regarding which
parameters affect the efficiency of a horn
loudspeaker, and I would be grateful if
Mr Schaller or any other reader could
enlighten me on this subject. I would of
course respect the confidences expressed
in any private correspondence which re-
sulted from this request, and so I regret
that it would inevitably be referred to once
again as a “Private Communication”.

BROADCASTING
DUPLICATION

e —
In your leader in the January issue you
discuss frequency planning in a manner
which is generally reasonable and im-
partial. However, I must take exception
to the prejudice you display in applying
the phrase “wasteful duplication” to m.f/
L.f. and v.h.f. radio services.

These services are not duplicated
either in terms of coverage or of ease of
use in a particular environment and often
have totally different programme content.
They are, in fact, complementary services
each catering for the needs of particular
sections of the total radio audience. The
v.h.f. service is understandably the darling
of most of your readers but it is never-
theless useless for car radios, saddles the
housewife who carries her “transistor”
around the house with a flapping tele-
scopic aerial and drives the old folk scatty
trying to meet its fiddling tuning require-
ments. For these and other good reasons,
and despite attempts to dissuade them by
propaganda and deliberate distortion of
the programme material, the majority of
ordinary radio listeners have preferred to
use the m.f/Lf. services throughout the
18-year period that v.h.f. has been avail-
able. Why should they not continue to
exercise their preference?

Later in the same issue in “News of the
month”, you exhibit a further touch of
prejudice by inserting the word “allegedly”
into the reason given by the International
Radio Consultative Committee when re-
jecting the use of high degrees of signal
compression on m.f/lLf. broadcast ser-
vices. It is only necessary for you to
switch on your radio to verify that the
BBC’s obsession with this technique
results in their putting out some of the
poorest quality m.f/Lf. transmissions in
Europe. The IRCC recommendations em-
body the considered opinions of the
cream of Europe’s broadcasting engineers
and, in a situation where we seem to be
bedevilled by theoreticians who probably
never actually listen to the radio but who
itch to apply their ideas to perfectly
satisfactory services, the recommendations
represent a triumph for commonsense. I
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only hope that the BBC will take heed
of them and consign its compressors and
bandwidth limiters to Lisle Street.

C. Higham,

Olney,

Bucks.

]
TWIN VOLTAGE-

STABILIZED POWER

SUPPLY
—_—
I feel your readers may be interested in
the following suggested modifications to
the “Twin voltage-stabilized power supply”
by J. L. Linsley Hood in the January 1975
issue. My first suggestion concerns the use
of the supply as a permanent “split-
rail” supply (I too dabble with amplifiers!)
where the positive and negative outputs
are required to be of the same magnitude,
ie, to track each other. Referring to
Fig. 5 of the article, potentiometer R,,
may be replaced by a 33kQ fixed resistor,
and the 33kQ resistor which is shown
connected to + 12V reference voltage-dis-
connected therefrom and taken to the
positive output terminal instead. The
negative output will now track the posi-
tive output voltage, which is set up on R,
as before.

There are several advantages to be
gained by making this modification:
(1) The output voltage meter may be
permanently connected to one rail, thereby
saving a switch (and precious time!).
(2) R, may be a mulii-turn potentio-
meter, instead of half a ganged potentio-
meter, which allows finer control over
the output voltage.
(3) The accuracy of output tracking is no

longer dependent on poorly matched
“stereo”  potentiometers—indeed, well-
matched linear ganged potentiometers

are rare items—but on the accuracy of
the divider components which may be
1% if required.

Finally, a sombre note. I would point
out that if Tr, (or for that matter 7r,,)
is of rather low gain then its base driver
transistor can dissipate well over 5 watts
under adverse loads. Failure of this tran-
sistor usually produces excessive base
drive, and over full output voltage appears
on the terminals with disastrous results!
Of course, the obvious course of action
is to provide base driver transistors of
adequate ratings fitted with suitable heat-
sinks. Some degree of protection can,
however, be afforded by the inclusion of
resistors in the collectors of Tr, and Tr,,.
This has two functions: (a) transistor
dissipation is reduced; (b) in the now
unlikely event of failure of these driver
transistors—or for that matter failure in
the remaining circuitry—the base drive to
Tr, (or Tr,) is limited to a safe value.
470Q 5-watt resistors are suitable.

L. Cook,
Prescot,
Merseyside.

It is with trepidation that I, as a tech-
nician, voice doubts about a Linsley Hood
design! But surely the twin voltage-

stabilized power supply of Fig. 5, page 44,
January issue, cannot live up to its claim
to supply safely 0—35V at 2A maximum.
Suppose one uses it to give 5V, 2A.
If Vyes (reservoir) is, say, 40, we then have
Tr,, dissipating 2 X 35=70W. But with
a mica, even on a large 1.1°C/W heat-
sink, this transistor, type 2N3055, will
stand only 55W (30°C summer ambience).
Short-circuited by students or by a faulty
audio amplifier, it wouldn’t stand a chance.
To live up to the claimed performance,
Tr, and Tr,, would need to be shunt pairs
(with 5Q or 10Q resistors in bases, to
equalize power sharing). .
A 2500pF reservoir capacitor will
blow up at 2A d.c. unless of high-ripple
type. If of lower than marked value,
peak ripple will exceed 3V at 2A. Thus
with low mains voltage, negative ripple
peaks may bring Vg below viable value,
creating negative output-voltage notches.
Using, say, two shunt 5000pF/50V
capacitors would be safer, if bulkier.
Surely the designation 33V, 2A on the
transformers will lead the unwary to
order transformers of 2A a.c. rating,
whereas 3A a.c. rating will barely suffice
with good ventilation for a 2A d.c. output.
The divisor-chain values (100kQ pot.
and 33kQ resistors) seem very high,
both from the electrostatic field pick-up
viewpoint (from the transformer) and from
the 741 drift viewpoint. The drift would
not be taken up round the feedback loop.
The use’of the pass transistors Tr, and
Tr,, in the reverse mode from usual (page
43, third column) may be noted long be-
fore 1971. See General Electric’s “Transis-
tor Manual”, 1964, p. 228.
Douglas Boxall,
Chelsea College,
University of London.

Mr Linsley Hood replies:

I would like to thank Mr Cook for his
letter and his comments on my design.
The use of one rail as a “reference” for
the other is certainly an interesting possi-
bility, especially if some decoupling is
introduced in the “reference” feed to
prevent one half from trying to reproduce
any ripple on the other. I am also grateful
for his suggestion for a resistor between
Tr, collector and Tr, base. This was an
oversight on my part, and is desirable.
Also, I would like to add, with my apolo-
gies, that a 2-amp, 50-volt silicon diode
should be connected (in their non-
conducting mode) across each output to
the O-volt line, to avoid the possibility
of trouble if one “live” line is shorted to
the other.

I would also like to thank Mr Boxall
for drawing my attention to the earlier
use of pass transistors in the reversed
mode. It seems a useful method of opera-
tion which is very rarely employed. His
comments on the need for components
always to be used within their ratings
are salutary and stand frequent repetition.
However, in this particular instance I fear
that he has overstated his case. The
2N3055 series of transistors have a per-
mitted maximum dissipation of 80 watts
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at a case temperature of 75°C. Obviously
one should provide adequate heatsinks
for the use envisaged, but this is not
impossible. Similarly, reservoir capacitors
of normal type will survive use at a 2-amp
d.c. output without exploding. Finally, if
one wishes to parallel the pass transistors
in order to extend the output current
range, 0.25-ohm 2-watt emitter circuit
resistors will be found to be adequate,
but a device having somewhat larger dis-
sipation limits than the Motorola MPSU
series would be advised for 77, and T7,,

REDUCING AMPLIFIER
DISTORTION

Techniques similar to Mr Sandman’s
(October 1974 issue, page 367) were des-
cribed by J. C. H. Davis in 1958
(Electronic and Radio Engineer, vol. 35,
no. 1, p. 40). Davis’s circuits were based
on valves, and contain transformers, but
the underlying principle, which Davis
called “total differential feedback”, is
essentially the same. He points out that the
technique enables the amount of negative
feedback to be “squared” (e.g., increased
from 20dB to 40dB) without sacrifice of
stability margin. The possibility of adding
a third, fourth, etc., feedback path as
suggested by Sandman is also referred to,
with a note on the problems which then
arise.

I have lost my reference, but I remember
seeing the principle applied to repeater
amplifiers for submarine telephone systems
using valves. The advantage (which can be
seen by referring to Sandman’s Fig. 2) is
that if one amplifier goes out of action be-
cause of failing emission in a valve the
second carries on, giving much the same
gain and output as before but with some
increase in distortion.

G. W. Short,
South Croydon.

_—
SETTLING TIME IN

AUDIO AMPLIFIERS
_————
Referring to Mr Linsley Hood’s letter on
audio amplifier settling times (January
1975 issue). I would like to point out that
for many years I have been measuring
and displaying this parameter in various
reviews (in terms of step response function
under conditions of both resistive and
reactive loadings). I thoroughly agree with
Mr Linsley Hood that the parameter
would be better expressed actually in
terms of settling time referred to a given
error band, but to make the test universally
meaningful a number of conditions would
have to be properly understood and
stipulated.

I would suggest:

(1) that the error band be + 5%;

(2) that the peak voltage across the test
load correspond to that required for
—3dB of the amplifier’s power capacity
(some amplifiers would violently reject
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to a greater peak voltage under stepped
signal drive);

(3) that the load be of an impedive nature,
preferably to correspond to the analogue
of notoriously difficult loudspeaker load-
ing (see later);

(4) that the settling time be defined as the
time elapsed from the application of an
ideal step function (in reality of rise time
not greater than 100ns) to the time that
the amplifier enters and remains within
the stipulated error band (not to the time

required by the amplifier to settle within

the linear small-signal region, which is
sometimes the implied expression with
operational amplifiers). The error band is
thus E, + AE, where E, is the final settling
voltage, and the settling time, as just
defined, can then be referred to
AE/E, X 100.

Because an amplifier with a high slewing
rate may often exhibit a relatively long
settling time, it cannot be concluded un-
conditionally that an amplifier with a small
settling time will have all the characteris-
tics required for the least transient inter-
modulation distortion (t.i.d.), but because
a small settling time requires the amplifier
to have a closed-loop response that is very
slightly less than critically damped (i.e.
open-loop response dominated by a single-
pole roll-off filter) taking effect before
slewing rate limiting, at least one of the
requirements for minimal t.i.d. is achieved.

The overall picture is more clearly
presented by also including the measured
slewing rate, and this I have been doing
in recent reviews and test reports.

I concur with Mr Linsley Hood re-
garding the tonal impairment that can
arise with steep-slope low-pass filters but,
provided this can be switched out, this
is better than a —20dB/decade artifice
which does little more than the treble
control at full cut. A recent investiga-
tion of a long-settling amplifier exposed
the use of a two-pole filter for pre-
amplifier roll-off. In fact, this turned out to
be the 12dB/octave low-pass filter whose
fascia switch merely shifted the turnover
higher up the spectrum in the off position!
Clearly, in the interest of the least t.i.d.
(depending on the h.f. power response,
amount of feedback, etc.) preamplifier
treble response limiting is necessary, but
this should be —6dB/octave (—20dB/
decade) and exponential for the least tonal
distortion.

Some designers appear to be obsessed
with obtaining the fastest small-signal rise
time possible. This, in general, is incom-
patible with the least t.id.; in any case,
it is totally unnecessary since the effective
transient speed of even high-quality pro-
gramme signal is barely any smaller than
15ps. In view of this, measurements of
tid. with step functions as fast as 100ns
would appear to have no practical merit.

We hear about different “sounding”
amplifiers even when the amplifiers have
very comparable prime parameters. Much
of this difference in my judgment results
from the nature of the load the loud-
speaker presents to the amplifier. Un-
fortunately, very few  loudspeaker
manufacturers publish load analogues;

and, conversely, very few amplifier
manufacturers take full account of the
varying and various nature of the load
presented by the loudspeaker. It seems
almost impossible for amplifier and loud-
speaker designers to join in close
technical liaison. Thus we are presented
with the crazy situation where a highly
engineered amplifier, and one which
measures prime parameters faultlessly,
gives a poorer sound from a similarly
engineered loudspeaker of probably com-
plex load impedance than from a less
advanced model of relatively simple
frequency-divider configuration.

The blame for this cannot be placed at
the door of the amplifier designer. The
loudspeaker designer should let him know
exactly what kind of load to design for.
Measurement of the settling time may help
to pin-point those amplifiers which are
particularly load sensitive—but the load
for the test still has to be determined by
the test engineer! The electrical analogues
of some of the more difficult loudspeakers
are being derived so as to make the test
more meaningful.

Gordon J. King,
Brixham,
Devon.

Mr Linsley Hood replies:

I am most grateful to Gordon King for
his interesting reply to my letter. It is
indeed true, as he says, that the more
thorough reviews of audio amplifier per-
formance over the.past few years have
shown the square-wave response of the
system under resistive and reactive load
conditions, but the most commonly
adopted reactive load analogue (8 ohms
in parallel with 2uF) is not necessarily
either the closest equivalence to an actual
loudspeaker or the load circumstance
which will produce the most unsatisfactory
response from the amplifier within the
range of those which are feasible. (For
example, 8 ohms in parallel with 0.1 uF
may sometimes be worse.)

Moreover, there has been a tendency
for resistive load rise time to be optimized
in the design stage, at the expense of the
“settling time” under more realistic load
circumstances. If Mr King can devise
more appropriate analogues for “difficult”
l.s. loads, this would be a valuable con-
tribution to design optimization; to which
1 would like to add my hope that the
measured “settling time” might be added
to the existing photographic illustrations
of square-wave performance.

—_—

DISTORTION
TRANSMUTED?

_—
Audio engineers have for some time been
aware that amplifiers in general have
serious shortcomings. Transient inter-
modulation distortion has been mooted
as an explanation but is not generally
accepted as the best answer.

It was my friend John Keble of the IERE
who introduced me to “head-in-speaker”
testing. This reveals all sorts of strange
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sounds from a class B solid state amplifier
that are absent from a class A non-feedback
design.

It is with some diffidence that I advance
yet another explanation of this phenomenon.
It is generally understood that a physical
quantity cannot be destroyed but can only
be altered into something else, e.g. matter
into energy in the Bomb. Now distortion is
a physical quantity produced by modi-
fication of the signal and so cannot be
destroyed, only changed into something
else.

It can be argued that the ultimate fate of
distortion in an amplifier with a feedback
loop (which must have a delay before it
operates) is to reappear as noise. An
intermediate stage to this conversion is a
sharpening up of wavefronts with a notice-
able harshness in the reproduction.

All these effects are readily detectable
by the “head-in-speaker” test, particularly
when one conducts an A-B test with a low
distortion non-feedback amplifier.

I personally feel that the feedback loop
amplifier has had its day and we have got
to go back to something like the WW
Quality Amplifier and start again.
T.Marshall,

Goldring Ltd,
London,El1.

ll

AMERICAN
INSULARITY

We were amused to note that in a recent
copy of Electronics (November 28, 1974,
page 140) under “New Products”, was
described an ordinary ~hand-cranked
Megger.

How have Americans checked insulation
all these years? We know their electrical
standards are low, but this is ridiculous!

J. G. C. Fox,

Royal Postgraduate Medical School,
University of London,

London, W12.

l

““MORE THINGS IN.
HEAVEN AND EARTH .. ."”

Further to “Vector’s” article in the
November issue, which certainly gave food
for thought, could I put forward a rather .
plebeian explanation for the high incidence
of gamma radiation in the vicinity of the
mill cottage?

It was stated that a stream ran under the
floor of the building, and presumably was
dammed for the purpose of operating the
mill wheel, so would it not be reasonable
to suggest that radioactive particles con-
tained in heavy particles of stone washed
down from granite particles over the
centuries had collected in this position, so
causing a concentration at that position?
I would respectfully suggest that the
psychic matter was purely coincidental.

C. G. Warren,
Banstead,
Surrey.
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Solid state digital clock

2—Construction and setting up

by David D. Clegg

The power supply circuits are designed to
power both the logic and the display when
the external supply is present. and to
power only the logic, from the standby
supply, when the external supply is absent.
Furthermore, this changeover between the
two supplies must be accomplished with-
out a break, which would cause a loss. of
accuracy, or worse still, reset the time or
alarm registers.

The circuit shown in Fig. 7 achieves
this; when the external supply is present
current from the display flows through
D;,, while that from the logic flows
through D;,. The external supply is
greater than the standby supply (12 volts
compared with 9 volts) and D, is, there-
fore, reverse biased. If the standby supply
is a re-chargeable battery, then it is
charged by current flowing through Dj;,
and Rj,. (If a dry cell is used as the stand-
by supply, D;; and R, are omitted from
the p.c. board.) Failure of the external
supply causes the display to be ex-
tinguished, Dj, is reverse biased and the
voltage at the anode of D,, falls from
about 11.3 volts to about 8 volts, D;,
becomes forward biased and the standby
supply thus powers the logic. The display
can be powered for short periods of time
by pressing the “display” button, X,,.
This shorts Vi, to Vs the standby
supply then supplies both the logic and the
display.

With R;, of the value shown (100 Q)
the cell charging current was between
12 and 15mA; this resistor should be
chosen to suit the cells used by individual
constructors. Using the specified cells the
clock will run for at least 48 hours, pro-
vided the display is not energised too
often. If these cells are considered too
large (NCB-55 has a capacity of 550mAH)
then the smaller NCB-20 (200mAH) or
the NCB-9 (90mAH) might be considered;
they are also much cheaper than the
NCB-55.

Assembly

Before describing the assembly of the
clock, it is worth mentioning that the
p.m.o.s.-l.s.i. clock chip and the c.m.o.s.
i.cs can all be damaged by quite small
static charges generated if carelessly
handled: these i.cs will be supplied in con-
ductive black plastic foam—resist the
temptation to remove them from this
until you are ready to install them in the
board! The author did not use integrated
circuit sockets on the prototype, but if
preferred these can be used. Whether
sockets are used, or not, the integrated
circuits must be mounted on the board
last.

The keys should be mounted on the
board first; the two plastic locating pegs
on the keys are not symmetrically displaced
about the line joining the terminal pins,

soldered
connection to
r p.c.board
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Fig. 7. Standby and external supply
isolation circuitry.
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they can, therefore, be mounted in only
one way. When all the keys are mounted,
and before soldering them in, check that
the manufacturer’s name and the type
code (AKS) embossed on the top of the
key all face the same way. It is possible
to disassemble the keys, but a word of
warning here; if they are re-assembled in-
correctly, there may be interaction between
adjacent keys on the board.

After mounting the keys, the re-
mainder of the small components can be
soldered on the board, taking care to
check that the diodes are the correct way
round. The marking on the 1N914 diodes
is not at all clear sometimes, so if there is
any doubt, check the polarity with a
multimeter; remembering that on the
majority of meters, the red terminal is
negative with respect to the black terminal,
on the ohms ranges.

The author found that it did not make
any difference which way the resistors
were wired in: it does make the board look
neater. however, if the tolerance bands
on the groups of resistors are all at the
same end. The reed relay, crystal and the
adjustable components can next be
mounted on the board.

The crystal must be wired to the board
directly, as there is not enough room
for a socket. Solder about lin of tinned
copper wire (22 s.w.g.) to the ends of the
pins on the crystal taking care not to over-
heat it. Under no circumstances should
any attempt be made to bend the pins on
the crystal. This should support the crystal
securely enough for most uses to which
the clock might be put; if a more secure
fixing is required, drill two small holes at
each side, cover the underside of the
crystal with a thin layer of silicone rubber
and tie the crystal down with a short piece
of thread.

The next components to be wired to the
board are the i.c. sockets, or the i.cs
themselves if sockets are not used. In
addition to the possibility of damaging
the ics by overheating them when
soldering them in (in common with all
other semiconductors) there is the
possibility of destroying them due to
static charges—on the soldering iron, for
example. The following precautions must
be taken whether sockets are used, or
not.

The work surface must be conductive
and earthed; a plain metal tray or a sheet
of aluminium “kitchen” foil earthed. All
the i.cs in the plastic foam, the partly
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assembled p.c. board, the tools and the
solder must rest on this surface during
assembly. If the i.cs are to be soldered
in, a small soldering iron with an earthed
bit must be used. Under no circumstances
should an iron with an isolated bit-be used.
It is also important that the constructor
should be earthed, a condition which is
best achieved by resting the hands on the
work surface.

These precautions appear daunting, but
if they are followed the chances of
accidentally destroying an i.c. are very
slight.

Testing and setting up

After assembly is complete, and before
applying power to the board, check thatall
components are in their correct locations,
and that polarised components (diodes,
transistors, and integrated circuits) are in
the right way round. ’

Set the variable resistors R;; and Rj,
to their mid positions, connect a milliam-
meter in series with the supply fuse and
then switch on. The current should not be
more than 140mA and the display will
show 88.88.88; the alarm may also sound.
Pressing the “set time” button will clear
the display to 00.00.00; if this button is
now released, the seconds will start to
increment. Check that the “update”
buttons are functioning correctly by
setting the clock to the right time; set the
clock one minute fast, hold the “set time”
button and release it as indicated by a
suitable reference clock (for example the
Speaking Clock).

Now push the “set display alarm”
button, and the display should read
00.00.00. By holding this button down
and simultaneously pressing the required
“update” button, the alarm time is set.
Releasing the “set display alarm” button
should return the display to clock time
which is not affected by looking at the
alarm time. Check that the alarm and
relay work correctly by setting the alarm
time a few minutes ahead of the clock
time.

During the above testing it might have
become obvious that the accuracy of the
clock is very poor indeed; the following
setting up procedure will correct this.

The display multiplex frequency- can be
adjusted by setting the alarm so that it
sounds, and adjusting R;, until the alarm
tone is about 700Hz; the display multiplex
frequency will then be about 100kHz.
This frequency is not at all critical, and
this method of setting it by ear is perfectly
adequate. If desired, it can be adjusted
with the aid of a frequency counter.

Such an instrument is essential to adjust
the crystal oscillator frequency and
should have a high input impedance—at
least 10MQ—and low input capacitance.
The counter should be connected to pin 2
of IC, (see Fig. 2); using a plastic
trimming tool, adjust C; until the fre-
quency is 204.800kHz. If the variable
capacitor cannot adjust the frequency to
this value, C, may require adjustment;
increasing C, lowers the frequency and
vice-versa.

Now observe the seconds count on the
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display, and adjust R;, slightly clockwise
until the intervals between successive
seconds are obviously less than a true
second; i.e. the clock is running fast. The
“Standby 5S0Hz” control (R;,) should now
be adjusted anticlockwise; the clock will
slow down and at some point there will be
no further change. This is the point at
which the crystal oscillator “takes over”
from the standby oscillator.

If a frequency counter is not available,
the clock can be set up quite accurately
by trial and error with reference to some
standard time source, for example, the
Speaking Clock. The time can be set
correctly and then checked every 10
hours, adjustments being made as re-
quired. Using this technique, the author
found that the clock could be adjusted to
the required accuracy within a week.

In view of the fact that the overall
dimensions of the clock are quite small,
it was decided not to have an integral
mains power supply as this would have
occupied at least the same volume as the
clock itself, if not more, and would have
seriously limited its usefulness. Although
the clock was designed for use with two

Fig. 9 (opposite). Printed-board pattern.
Component side is shown at (a), reverse
side at (b).

Fig. 8. Layout of components on printed-
circuit board. Numbered circles are
connecting pins on Figs. 6 and 7.
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underneath the board.

supplies, a main one and a standby one, a
number of different supply arrangements
are possible. If, for example, it is thought
that it is wasteful of power to display the
time continuously, and a single reliable
power source is available, then this may be
connected between p.c. board connexions
4 (positive) and 7 (negative). A toggle
switch can then be fitted to short circuit
connexions 7 and 1 together when the
display is required; the “display” button
remaining operative for a “quick look”.

The above is given only to illustrate
that the power supply need not be exactly
as shown in Fig. 7. There are, however,
two “don’ts™; under no circumstances
must power be applied to the display with-
out the logic being powered, and do not
exceed 12 volts.

Controls

Alarm on. This key enables the alarm
so that at the set time the alarm sounds
and the relay contact closes.

Alarm off. This key cancels the alarm if it
is sounding (the relay contacts, however,
remain closed) or prevents the alarm from
sounding at the set time, if it is not.
(Therelay contact will not operate.)

Relay on. This key causes closure of the
relay contact. It obviates the need to reset
the alarm to operate the apparatus con-
nected to the relay.

Relay off. This key opens the relay contact
if it is closed. ’

Snooze. When the alarm sounds, this key
will silence it for seven minutes, after
which it will again sound. This can be re-
peated for up to an hour after the set
alarm time. (There are, in fact, two
“snooze” keys side by side. It was in-
tended that they should be fitted with a
double width button top; a suitable one is
not, however, available.)

Fig. 10. The complete unit, assembled in a *‘tray’’ with the alarm speaker and batteries

il ?
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Display. The display consumes over 90%
of the power required by the clock. When
the external supply fails, the standby
supply does not, therefore, power the dis-
play. This button allows it to do so when
it is pressed.

Set/display alarm. This key causes the
display to indicate the contents of the
alarm register and in conjunction with the
three “update” keys allows the alarm time
to be set.

Set time. This key inhibits the counters
in the clock, thereby freezing the time,
and resets the seconds to “00”. It is used
to synchronise the clock to an external
time source, e.g. GTS.

Update hours. Pressing this key causes
the hours to increment at the rate of about
2 hours per second. It may be operated
with the “set time” key pressed or not,
as required. It is therefore possible to
update the hours without losing time-
keeping accuracy. (This is useful when
changing from G.M.T. to B.S.T. etc.)

Update tens minutes. Pressing this key
causes the tens of minutes to increment
as for the hours key.

Update units minutes. .Pressing this key
causes the units of minutes to increment
as above.

Suppliers

RCA Celdis Ltd, 37-39 Loverock Road,
Reading, RG3 1ED.

SASCO Ltd, P.O. Box 2000, Crawley, Sussex
RH10 2RU.

REL Equipment & Components Ltd, Croft
House, Bancroft, Hitchin, Herts.

Semicomps Northern Ltd, 44 The Square,
Kelso, Roxburghshire.

Monsanto Semicomps Ltd, 5 Northfield Indus-
trial Estate, Beresford Avenue, Wembley,
HAO 1SD.
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Component list
Resistors (R)
1 1OM
2 10k
3-8 47k
9,33 100k
10-15 2.7k
16,24-30 680
17-23 68k 9
34-39 150k 8')2 ::Z;ST/"
ype CF
44,48 1.5k
45,46 47
47 1k
49,51 100
50 68,0.5W (Doram Type
0.5W)
30,31 100k open cermet preset
(Doram)
Capacitors (C)
1 10p 16V tantalum bead
2 10n 30V ceramic
3 22p 68V ceramic
4 see text. Author’s unit needed 19.7p
(15 + 4.7).
S 6-25p ceramic trimmer
6 100p 68V ceramic
7 68p 68V ceramic
8 100n 35V tantalum bead
9 100u 15V solid tantalum
Diodes (D)
1-22,26,28,29 IN914
23-25,27 MV 50 (Monsanto)
Transistors (Tr)
1-8 BCI82A
9-14 2N3704
15 BC213LA
16 BC182A
Integrated circuits (JC)
1,8 CD4009AE (RCA)
2 CD4040AE  (RCA)
3 TIL360 (Texas)
4 CD4010AE (RCA)
5 MK-5017-AA (MOSTEK)
6,7 CD4011AE (RCA)
8 CDJ4009AE (RCA)
Miscellaneous
Reed relay d.i.l. type (Doram)
X; Crystal, F, 204.800kHz, for
50p loading (Quartz Crystal
Co.)
Cells 7 NCB-55 button celis
(Ever Ready)
Alarm 1k Q2 telephone earpiece
K—K;,; AKS reed keys with button
tops (Alma)

Semiconductor Specialists (U.K.) Ltd, Premier
House, Fairfield Road, Yiewsley, West Drayton,
Middx.

Texas Blue Line Services, Edinburgh Way,
Harlow, Essex.

Quartz Crystal Co., Wellington Crescent, New
Malden, Surrey.

Alma Components Ltd, Diss, Norfolk.
MOSTEK SDS Components Ltd, Gunstore
Road, Hilsea Industrial Estate, Portsmouth,
PO3 SJW.

Bywood Electronics, 181 Ebberns Road, Hemel
Hempstead, Herts.

A. M. Lock & Co. Ltd., Neville Street, Middle-
ton Road, Oldham, Lancs.

Trampus Electronics, 5860 Grove Road,
Windsor, Berks. )

Doram, Electronics Ltd., P.O. Box TR8, Well-

ington Road - Industrial Estate, Wellington

Bridge, Leeds LS12 2UF.
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Sinclair
Project 80
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For elegant, versatile, stereo hi-fi systems
designed and built by you!

until recently,if you wanted a first-class hi-fi system you
had two waystogetit.

You could buy theindividual electronic components
andbuildasystem fromscratch. If you were an electronics
genius -fine.

Or you had to buy ready-made units. Expensive - and
dull. About the only creative pleasure you'd get would be
matching your amp and your speakers, or making your
speaker enclosures.

Sowhat's new?

A comprehensive hi-fi system, combining the
enjoyment and satisfaction of build-it-yourself (without
toomuchstrugagle)...areal value-for-money feeling...and
results of the highest quality.

It's the new Sinclair Project 80.

How does Sinclair Project 80 work?

Project 80is acomprehensive set of hi-fi modules, or
sub-assemblies. Amps...pre-amps...FMtuners...stereo
decoders...controlunits...everything you needto
assemble hi-fi units. They're all designed to look alike and
they'reall completely compatible with each other. Simply
decide on the specifications of the unit you want to build. ..
buy the necessary modules...connect them...and

house them.

No need tobuy everything at once for your eventual
set-up. Altthe modules are designed so that you canadd to
them as your system grows - whether or notit's basedon
Project 80.

This applies to refinements, like filters ... to up-grading,
adding asecond set of amps, say, for greater output...orto
real innovation, like quad. (Add a Project 80 quad decoder, a
power supply, a pair of amps, and a pair of speakers - and
yourstereo'sgone quad)

Is it difficult to build?

Not at all. The modules are complete in themselves. All you
doisconnect them to your turntable...your speakers...or
toeachother.It'sabsorbing, butif you can solder wirestoa
5-pin DIN plug, you can build a complete system with
Project 80.

Andif you're not so hot with asolderingiron?Use
Project 805. Project 805 uses Project 80 modules, but
provides speciai clip-on tagged wire connections -
absolutely no soldering required.

And, of course, both Project 80 and Project 805 come
complete withinstructions for easy, step-by-step assembily.
Butif you do runinto problems, just callour Consumer
Advisory Service who are always happy to help.

OK.Wheredolgo from here?

Over the page! There you'lisee for yourself the exacting
specifications to which Sinclai\r Project 80 modules are
made, and you'll see some suggested systems.

As you skim the suggestions, remember all Project 80
modules are backed by the remarkable no-quibble Sinclair
guarantee.Shouldany
defectarisefrom
normal use withina
year, we'll service
the modules free
of charge. what
couldbe fairer
thanthat?

WW—164 FOR FURTHER DETAILS
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Choose the Project 80 modules
thatareright for you.

Project 80 pre-amp/control unit Project 80 power ampliflers

The control centre of Project 80. Radio 100 mv; Tape 30 mV. Two different ampiifiers,

withits distinctive white-on- S/Nratio: 60 dB.Frequency designed to be used separateiy

matt-black styling and plastic range: 20Hzto15kHz +1dB. or combined, with Project 80

controlsliders, it's a pleasure to Outputs: 100 mV and tape plus modules or as add-ons to existing

look at, as well as to use. AB monitoring. Press buttons equipment. Protected against
e for PU, radio and tape. shortcircuits and damage from

Specification y R

(9% iNx 2iN X% in.) Separate Opera_tlng voltage:20V--35V. mis-use.

stider controls on each channel Price: £13.95+ VAT Z40 Specification

for trebte, bass and volume. (2/:in X 3in X% in.) 8 transistors.

Inputs: PUmagnetic - 3 mv (RIAA Input sensitivity: 100 mv.

corrected), ceramic - 350 mv; Output: 12 W RMS continuous
: into 8 Q(35V).Frequency
response: 30 Hz - 100 kHz + 3 dB.
S/Nratio: 64 dB.Distortion: 0.1%
coincidence (IC equivaient to 26
transistors). Distortion: 0.3% at
1 KHz for 30% modulation.
Sensitivity: 5 pV for 30 dBsignal
to noise. Output: 100 mv for 30%
modulation. Aerialimp: 75Qor
240-300Q). Features: dual varicap

f&'?"/: . j i

Project 80 FM tuner tuning, 4-pole ceramic filter,

Excellentreception fromatuner Switchable AFC.

only 32 inlong X% in deep! Operating voltage: 23V -30V.

Styled to matchProject 80 price: £13.95+ VAT

control unit. Power supply units
Specification Range of power supply units to
(312in X 2iN X % in.) Tunes 87.5 MHz match desired specification of
to 108 MHz. Detector: IC balanced final system.

pZ5 Specification
uUnstabilised. 30V output.

. Including mains transformer.
keep down the price of a mono

FM system, but also to make the Price: £5.95+ VAT
steréo decoder availabie for use
with existing mono FM tuners.

Specification
(1%in X 2inX%inJ)11Cequivaient
Project 80 stereo decoder to19 transistors. LED stereo

X indicator giows red.
Designed for use with Project 80

FM tuner Sold separately to Price: £8.95 + VAT

Wireless World, March 1975

at10wWinto 8Q2 at1kHz. vVoltage
requirements:12V-35V.
Loadimp:4 QQ-15C); safeonopen
circuit. Protected against short
circuit.

Price: £5.95+ VAT

Z60 Specification

(2% 1IN X 345N X %2 in.) 12 transistors.
input sensitivity: 100 mv - 250 mv.
Output: 25 WRMS continuous

into 8 QQ(50 V). Frequency
response: 10 Hztomore than
200kHzZ + 3 dB.S/N ratio: better
than 70 dB. Distortion: 0.02% at
10Winto8 QQat1kHz. Voitage
requirements: 12V -50V.
Loadimp:4 Q) min; max safeon
open circuit. Protected against
short circuit.

Price: £7.45 + VAT

PZ6 Specification
Stabilised. 35V output. including
mains transformer.

Price: £8.95+ VAT

PZ8Specification

Stabilised. Output adjustable
from 20V to 60V approx.
Re-entrant currentiimiting
makes damage fromoverload or
evenshorting virtually
impossible. Without mains
transformer.

Price: £8.45+ VAT

Project 80 SQ quadraphonic decoder

Combines with and exactly

Specification matches Project 80 control unit
(4N X 2in X% in.) voltage gain: for true quadraphonics. This
-0.2dB.Frequency response: unitis basedonthe CBS SQ
filter at zero: 36 HZ - 22 KHZ; HF svstém andis acompiete
(scratch) out: variable 22kHz to quadraphonic decoder, rear
5.5kHz,12 dB/octave slope; LF channe! pre-amp and controt
(rumble) out: -28 dB at 28 Hz, unit

Project 80 active filter unit 9 dB/octave Siope. :

o Specification
Eliminates scratchand rumble Price: £7.45+ VAT {914 iN X 2N X% in.) Connects with

(high and low-frequency noise). X
g a yno tape socket on Project 80

WW—165 FOR FUKTHER DETAILS
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control unit or simitar facility on
any stereo amplifier. Separate
slider controison each channel
for treble, bassand volume.
Frequency response: 15 Hz to
25KHz + 3dB. Distortion: 0.1%.
S/Nratio: 58 dB. Rated output:
100 mV. Phase shift network:

90 +10 100HZ to 10 kKHz.
Operating voltage: 22V -35V.

Price: £18.95 + VAT
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Project 805 ampilifier kit

Contains following Project 80
units:

Project 80 control unit
2xZ40power amplifier modules
1XPZS power supply unit
Masterlink unit

Oon/off switch

plus pre-cut wiring loom with
clip-on tagged wire connections,
nutsand bolts, instruction
manual.

Price: £39.95+ VAT

Project 805Q quadraphonic
add-on kit

Converts your existing stereo
hi-fisystemto quad using
solderless connections.

Contains following Project 80
units:

Project 805Q quad decoder/rear
channelpre-amp and control
unit

2 X240 power amps

PZS power supply unit
Masterlink unit

Oon/off switch

plus pre-cut wiring loom with
clip-on tagged wire connections,
nutsand bolts, instruction
manual.

Price:£44.95 + VAT

a4l

Some system suggestions
from Sinclair

1.Quadraphonic system: 25 W per channel RMS
Pre-amp/control unit + quadraphonic decoder + 4 x 260
amps+2 X P28 mains power supplies +(2 x mains
transformers) + (4 x equivalent speakers) + (turntable).
Total Project 80 cost: £79.60 + VAT.

2.Stereo amplifier:12 W per channel RMS
Pre-amp/controlunit+ 2 x 240 amps + P26 power supply +
2x Q16 speakers. Total Project 80 cost: £52.70 + VAT.

3.Stereo tuner/amplifier:12 W per channel RMS
Pre-amp/controlunit+ FM tuner + stereo decoder + 2 x 240
amps + P26 power supply + 2 x Q16 speakers. Total Project
80cost: £75.60+ VAT.

Other applications

4. PAsystem
(Mic) + pre-amp/control unit +240 amp + P26 power supply
+2x Q16 speakers. Total Project 80 cost: £46.75 + VAT.

5.Convert existingmono record-player tostereo
Pre-amp/controlunit+z240amp+ Q16 speaker. Total
Project80cost: £28.25+ VAT.

What more can we tell you?
The basic facts are covered onthese two pages: And you'll
findProject 80 at stores like Laskys and Henry's.

But before youlook, why not get really detailed
information? Clip the FREEPOST coupon for the fully-
illustrated Project 80 foider - today!

Sinclair Radionics Ltd,
London Road, Stives, Huntingdon, Cambs., PE17 4HJ.
Telephone: Stives (0480) 64646.

— g — |

Sinclair Q16 speaker

originaland uniguely designed
speaker of outstanding quality.

Specification

(9% in square x 4%, in deep.)
Pedestal base. All-over black
front. Teak surround. Balanced
sealed sound chamber. Special
driver assembly. Frequency
response: 60Hz to 16 kHz.
Power handling: up to 14 W RMS.
Impedance: 8Q2.

Price: £8.95 + VAT

SinclairProject80 F— e —

expandable hii

anewconceptin ol Lj . B—b\

Sinclair

=
ol Micromatic

1 Speaker

To:Sinclair Radionics Ltd, FREEPOST, St Ives, Huntingdon,
Cambs., PE17 4BR.

Please send me, by return post, a copy of the fully-
illustrated Project 80 folder.

Name
Address

R

Please print FREEPOST -~ no stamp needed WW/3/75 I
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it’s almost certainly time you bought a new stylus
if you have not already done so.

Although the stylus tip is a finely polished diamond,
wear cannot be eliminated entirely and a gradual,
perhaps imperceptible, deterioration in perform-
ance has taken place since your system was
installed.

Fit an N55E stylus to restore the performance to the
original standard or consider replacing the car-
tridge to upgrade the performance of your system.
Why not ask Shure Electronics Limited for their
recommendation?

Shure Electronics Limited
Eccleston Road, Maidstone ME15 6AU
Telephone: Maidstone (0622) 59881

www americanradiohistorv com

If you bought a Shure MS5€
cartridge in. ray. 1970...

| am at present using

Arm or Unit

Cartridge

Amplifier

Name

Address

Please recommend the best Shure cartridge
to upgrade my system.

S SHURE |
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Charge-coupled devices

4—Imaging applications

by Ted Williams

Royal Radar Establishment,
now with IC/ Ltd, Runcorn 0

The c.c.d. is a very flexible type of inte-
grated circuit. Not only can it handle both
digital and analogue electrical signals but
it can also have charge injected into it opti-
cally. This final part of this series shows
how this ability to accept optical injection
of charge has produced some exciting appli-
cations. Whether these applications are
turned into a commercial success will
depend on many factors—scientific, econ-
omic and political.

Some of the technical problems associ-
ated with c.c.d. imagers are discussed
later, but first consider what happens when
a light spot falls on a c.c.d. line imager. A
line imager is almost identical to a c.c.d.
serial shift register, such as the two-bit c.c.d.
shown in Fig. 2 of part | of this series’.
The only difference is that the input or
source diode is omitted because the electrical
injection of charge is no longer needed.

Charge is generated by the light spot
producing electron-hole pairs at and just
below the silicon surface of the silicon di-
oxide interface. Thischargeis only generated
by light which has a greater energy (or
shorter wavelength) than the semiconductor
energy band gap. In the case of silicon the
band gap is in the infrared so visible light
will effectively generate charge.

To collect this charge one of the clock
pulses must be biased with a similar direct
voltage to that used for signal processing
applications (say —20 to —30 volts for
p-channel or +10 volts for n-channel
devices). This bias is applied for an
integration time of the order of a few milli-
seconds. During this timethe charge collects
at the interface under the biased electrodes
in a surface channel device. The amount of
charge collected under each electrode is
proportional to the light intensity in the
gaps closest to the electrodes if the elec-
trodes are of aluminium and not transparent
to light. Hence an analogue charge “picture”
of the light spot is built up in the imager.
This picture is then read out in the normal
signal processing manner by sequentially
turning on the clock phase voltages. This
sequence of integration and read out is then
continuously repeated and the output fed
via a suitable amplifier to a display monitor.
The read-out time must be much faster
(say 50ps) than the integration time if smear
isto be prevented.

c.c.d. line
imager applications

page reader
——(for oftice, library
and military use)

stationary

tv. camera

(tor business™ |
security)

hybrid-signal
processor

[ (code reader-unsigned
credit card)

hybrid memory
(signature reading,
telephones and ]
criminal identitication)

Fig. 1. Possible applications for a c.c.d.
line imager.

c.c.d area
imager applications

1. standard tv. camera
(home, studio, office
and medical use)

2. low light level
tv. camera
(military & business
security)

3. i.r. — tv. (hybrid) camera
(medical, military and
airborne survey use

Fig. 2. Three applications for c.c.d.
area imagers.

To view a two-dimensional picture the
image must be scanned continuously over
the line imager to generate the full picture
line by line. This can be done either by
placing the picture on a rotating drum or by
moving the imaging lens to produce a scan.

Charge loss occurs during the collection
and transfer of charge by recombination
at the interface states at the silicon-
silicon dioxide interface and at trapping
sites in the bulk of the silicon. These last-
mentioned trapping sites could be impuri-
ties of crystal defects. Loss also occurs
during integration if the device s
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saturated by the light. Hence light levels
falling on the device need to be tailored to
the device operating conditions and vice
versa.

Finally, charge loss through residual
charge loss is very important during the
read-out time. This process was described
in detail in part 3 of this series? Residual
charge loss can be minimized by choosing
the right fabrication technique for the
particular imaging application that is under
consideration. Before we discuss this choice
some of the possible applications for c.c.d.
line and area imagers are discussed, to-
gether with the operation and design of an
area imager.

Possible applications of line imagers

In the first figure some of the possible
applications of line or serial imagers are
shown. The page reader and the business
security television camera are both appli-
cations for stationary cameras. The word
stationary hints at the basic disadvantage
of a line imager. Only one line of informa-
tion can be read out at a time so the scene
has to be mechanically scanned over the
imager. However, they are much simpler
to design and operate than the area imager
because they have only one line of transfer
electrodes and only one clock. This basic
simplicity means that initially it is likely
that they will be used in any fixed applica-
tion where the camera system can be set
up and left unattended. It is also possible
that line imagers will be tried out on a
first trial basis in hybrid systems in
combination with signal processors and
memories (see later).

Applications for area imagers

There is little doubt that as scientists and
engineers working on c.c.d. imagers gain
experience the line imager will take a back
seat and the area imager will be increasingly
adopted. This is because the area imager
is portable and hence more versatile
because the whole of the viewed scene
can be imaged on to it while the camera
is moving or stationary.

Since this change in emphasis from
line to area imagers is already happen-
ing, and because the line imager can be
operated in the same way as the serial
signal-processing c.c.d., the rest of this
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Fig~3. Lunar landscape photographs
reproduced by a c.c.d. camera (ref. 3)
taken under three focus conditions.

Fig. 4. Composite of six c.c.d. camera
pictures of a ship (ref. 3) taken under
three focus conditions.

article concentrates on the area imager.
Nevertheless. much of what is said applies
equally to line imagers.

The c.c.d. area imager could be used in
all of "the applications shown in Fig. I.
but in addition it is being used in research
laboratorics for the three areas shown in
Fig. 2. Black and white and colour* tele- .
vision cameras have already been made
with c¢.c.d. area imagers and these can
either be hand held or mounted in a
fixed position.

Examples of photographs taken with
c.c.d. cameras are shown in Figs 3 to 6.
In Figs 3 and 4 the 100 X 100-bit Fair-
child buried-channel imager was used®. In
Fig. 3 the resolution for small moon
craters is remarkable and in Fig. 4 a
composite picture has been made of a ship
by combining six c.c.d.-camera photo-
graphs. The battery-operated portable
camera made by Bell Labs and the 256
X 220-element surface-channel c.c.d. chip
that was used in it is shown in Fig. 57
A photograph of a picture taken with the
camera is shown in Fig. 6. Absence of
defects in the picture shows how much
c.c.d. imager technology has advarced
recently and makes the goal of full tele-
vision resolution on a single silicon cliip
so much nearer.

Provided the c¢.c.d. camera can be
made cheaply enough the market for
office use could be enormous. In the
medical field a c¢.c.d. colour camera would

“For a description of the colour c.c.d. camera see
H. A. Watson, Bell Laboratories Record. October
1973, p. 266.
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be extremely uscful as several speciahsts
could be shown the patients” symptoms on

large monitor screens in the comfort of

their own homes. For library references a
microfilm could be shown on a monitor in
the library and the information transmitted
with a c.c.d. camera to an office monitor
which had a copier coupled (o it so that
any page of an article that was of interest
could be duplicated.

For home use the c.cd. camera is
obviously an attractive possibility for
home movics and a picturephone®. There
are three snags. however. First. for home
movies the present video tape recording
systems are extremely expensive and this
market still awaits the nvention of a
cheaper system. Sccond. for picturephone.
as a recent trial svstem has shown in
America. it appears that most people do
not want to sce their mother-in-law over
the phone. Third. there are transmission
problems because the bandwidth required
15 wider than that currently used with
teicphone transnussion.

Low-light-level television camceras are
an arca where the c.ed. shows a great
deal of promise. High sensitivity or low
noise 1s required and the buried channel
structure. discussed in part 2. is particu
larly useful in this respect. Some degree of
cooling is sull required with the present
devices to get the noise level down to the
low level required for some military uses.

The hybrid infrared television camera
will be discussed in detail later. Tt will be
particularly useful for military applications.
As for the low-light-level camera. however.
considerable sensitivity will be required if
small  temperature  differences between
targets and the background are to be
detected. This high sensitivity will also
be required for medical usc. for example.
for the detection of small tumours from
hot spots on body temperature picturcs.
and also for satcllite geological survey
lemperature pictures.

A replacement for video camera tubes?
The potential advantages of the c.c.d.
camera in comparison with the currently
used video camera tubes arc listed below:
video camera tube
Large

High power consumption
Electron-heam scanned

c.c.d. cameras

Small size

Low power consumption
Self scanning

More rugged—all Glass tube
solid state

No warm up time Warm up

No eolour fringing Colour fringing

No image lag Image lag

Difficultics do exist with the c.c.d. camera.
but before discussing the problems the
arca imager and its operation are examined
in morc detail.

How an area imager works

Fig. 7 shows a schematic diagram of a
tvpe of c.c.d. area imager that was origin-
ally designed for the standard aluminium-
gate surface-channel described in part |
of this series®. This imager is known as
the framc transfer tvpe. The upper part

Fig. 3. Bauerv-operaied iele-
vision camera and the 256 X
220 element c.c.d. area image

sensor that was used in it (ref. 4). frame

transier
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of the array is called the optical integration
section; the area of the device upon which
the image of the scene falls.

During the integration period a quantity
of charge which is proportional to the
light intensity is generated in each storage
element or bit. As with the signal process-
ing devices one bit represents the minimum
area resolution cell or picture element.
Movement of charge from one cell of the
device to another in the horizontal
direction is prevented by the column
channel-stop diffusion.

After the integration time the whole
frame of charge is transferred or
clocked into the read-out store. If reso-
lution is not to be lost this store must be
the same area as the optical integration
section.

After this the whole frame is moved
line-by-line out of the store into the output
line or serial register. Finally, the charge
is transferred out of this register to
the output gate by pulsing the output gate.
As all the charges are detected by only
one small output diode the output capa-
citance is minimized and a good signal-
to-noise ratio may be obtained.

The first video amplifiers were separate
from the c.cd. chip but more recently
low-noise amplifiers have been integrated
on chip and connected directly to the
output diode.

Design choice for area imagers

Fig. 8 shows that there are two other
types of design besides the frame transfer
ones that have been used in c.c.d. area
imagers’. The first of these is the interline
transfer technique, where the storage
columns are situated in between the
imaging columns. This means that the
charge from one resolution cell can be
transferred into the neighbouring store
with little loss of charge so that a higher
signal-to-noise ratio resuits. In addition,
on a multilevel gate structure the store
and the image columns can overlap.

Interlacing increases the packing density
of the resolution cell and improves the
overall resolution. The disadvantage is
that it is more difficult to make and can
result in lower yields than those achievable
for devices made with the frame transfer
design.

The final design shown in Fig. 8 is the
line transfer one. In this device one line
at a time is read out by switching the
transfer pulses on to each line in turn with
a scan generator®.

Design choice

It has already been shown in part 2 of
this series that the number of c.c.d. design
techniques to choose from is large® At
the moment it seems that almost every
company that makes c.c.d. imagers has
its own pet technology. Fairchild makes
buried-channel imagers with conventional
m.o.s. polysilicon gates. Bell Telephone
prefer surface channel with overlapping
polysilicon-gate electrodes of their own
unusual design. Texas Instruments have
‘used their anodized aluminium technique
to make thinned backside-illuminated
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Fig. 8. Design choices—(a) frame trans-
fer, (b) interline transfer, (c) line transfer

(ref. 7).

imagers’. RCA have used overlapping
polysilicon-gate technology and the con-
ventional aluminium-gate structure. GEC
in England have made both buried-channel
and surface-channel devices. Plessey have
also made buried-channel devices.

Of all these structures there are two in
particular that have achieved low transfer
efficiencies in the region of 1073 These
are the Bell Telephone polysilicon-gate
structure* and the Fairchild buried-channel
device'®. Which of these two technologies
is the best is open to argument. However,
it appears to be generally agreed that for
low-light-level ~ applications the higher
sensitivity of the buried-channel structure
is ideal.

It is also agreed that the conventional
aluminium-gate surface-channel technique
is not very suitable for large area imagers.
Even for 100 X 100 imagers the small gap
of 2um between transfer electrodes is
extremely difficult to reproduce over the
area of the devices and shorts between

TABLE 1 Large area c.c.d. imagers*
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the electrodes are also quite a problem.

- In addition the electrodes are exposed and
can easily be damaged if they are not
sealed in with a deposited insulating, oxide
overcoat.

One problem that is common to all
techniques is the preparation of high
purity and pinhole-free oxides. Production
of high purity oxides was discussed pre-
viously®, Preparation of pinhole-free
oxides over a large area requires con-
siderable skill in silicon processing. The
photolithography masks must also be
made as defect-free as possible. Another
technique for improving oxides is to grow
two oxides one on top of the other using
the mask in two different positions when
the photoresist is exposed to define the
oxide areas'!. This ensures that any
defects or holes in the oxide which are
produced by spots or holes in the chrome
or emulsion masks will be covered.

The three largest area imagers that have
been operated are compared in Table 17,
Fig. 6 shows a picture taken with one of
them, the 256 X 220 element one*.

Back face imagers

All that has been said so far has been
concerned with front surface imagers in
which the scene is incident upon the front
(gate) surface of the c.c.d. imager. These
imagers suffer from optical reflection and
absorption losses:

—Optical absorption in the blue region

of the visible spectrum by the semi-

transparent polysilicon electrodes. This
absorption varies depending on the angle
of incidence of the light.

—The silicon dioxide insulator and the

deposited protective layer are the

wrong thickness to give an anti-reflection
coating.

—Reflection from the metallic electrodes

when aluminium-gate technology is

used.

These disadvantages can be eliminated
by thinning the silicon substrate to about
20p and imaging on to the back face. To
lower the surface recombination velocity
and hence improve the quantum efficiency,
the back face of the n-channel device is
given a shallow p* diffusion (p* meansa
high doping level of about 10" boron
atoms per ml). On top of this p* diffusion
an anti-reflection coating is applied.

With these two modifications the back
face imager generally has a higher reso-
lution (modulation transfer function),
improved grey scale and better spectral
response at shorter wavelengths than the
front surface imager.

Number of non- -
overlapping image

sensor elements Chip size
Horiz Vert H (mm) V (mm) Design type Technique Ref.
190 244 6.3 6.1 Interline transfer Buried chanriel 7
polysilicon gage
220 128 8.6 12.4 Frame transfer Surface channel 4
polysilicon gate
320 256 12.7 19.0 Frame transfer Surface channel 12

aluminium gate

*Adapted from Table 2 of reference 7
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The disadvantages are, firstly, thinning
the silicon uniformly and reproducibility
is a problem. Thickness must not vary
across the imager because different thick-
nesses can have different wavelength
responsivities. And secondly, the extra
diffusion step further complicates the
technology.

Noise sources
In common with both front and back-
face imagers are the noise generating
sources. Here is a list of some of them.

—Shot noise in the optical signal

(photon noise).

—Shot noise in the dark current back-

ground level.

—Spikes in the dark current across the

array. (Causes white spots on the

monitor picture.)

—Transfer noise produced by poor

transfer efficiency and local variations

in transfer efficiency—dominated by

interface—state noise. (Produces smear-

ing on the picture.)

—Noise due to the “fat zero” used for

surface channel devices.

—Noise due to the output amplifier.

—Clock noise.
Of these noise sources there is only one,
the photon noise, that cannot be reduced
in some way. Dark current background
level can be reduced by cooling. Spikes in
dark current can be reduced by improve-
ments in processing. The exact origin or
origins of the spikes are not understood
but it is known that they can be caused
by impurities or defects in the silicon and
at the silicon-silicon dioxide inter-
face producing recombination-generation
centres. For the transfer noise, as has
already been mentioned, improvements in
fabrication have reduced this to a toler-
able level. By going to buried channel
techniques this noise source and “fat
zero” noise are substantially reduced.
Noise due to the amplifier has been con-
siderably reduced by using on-chip
amplifiers like the floating-gate ampli-
fier’. Finally, clock noise is reduced by
bringing all the output signals through
a single output diode.

Blooming

In addition to noise, blooming can be
quite a problem for many c.c.d. camera
applications. Blooming is the spreading of
charge outside a resolution cell when it is
intensely illuminated by reflection from
objects- like glass lenses and windows.
There are two types of blooming: bulk
blooming and channel blooming.

Bulk blooming is produced by carrier
diffusion in the undepleted substrate and
results in distorted, large area, bright
spots on the monitor. In area imagers
it is reduced by the introduction of
vertical or column overflow drains
between each horizontal resolution cell
in the imaging section in the same position
as the channel-stop diffusion. The over-
flow drain diffusion or implant is a
reverse-biased diode which collects or
sinks excess charge carriers diffusing
through the substrate or at the interface
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Fig. 9. A direct injection hybrid
infrared c.c.d. (ref. 14).
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with the oxide from any resolution cell to
another.

Channel blooming is produced by excess
light-generated carriers overflowing along
the transfer channels in the imaging
section of the device. One method that can
be used to minimize this type of blooming
is to reduce the voltage on the electrodes
which are not being used during the light
integration period so that the silicon
surface under them is near accumulation'?.

Hybrid imagers
The versatility of the c.c.d. for use in
signal processing, imaging and memory
applications makes it an attractive propo-
sition for hybrid systems where two or
more different types of operation are
performed either on chip or on adjacently
mounted devices. The system which has
been looked at in most detail is the infra-
red imager—signal processor hybrid. A
review of some of the different types of
infrared hybrid imager has been given by
Steckl et al.™* Fig. 9 shows a diagram of
one of the imagers that he described.

This type is known as the direct
injection hybrid c.c.d. because the photo-
generated charge carriers are directly

www americanradiohistorv com
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introduced into the c.c.d. shift register
The figure shows in part (a) the coupling
concept for a single line array of n-p infra-
red detecting diodes. The diodes are con-
nected in parallel to a silicon coupling
diode which is diffused into the same chip
as thé n channel c.c.d. The input gate of
the c.c.d. is used to reverse-bias the infra-
red diode and the silicon coupling diode
and the transfer gate is used to intro-
duce the photogenerated carriers into the
c.c.d. In this way the low noise properties
of the c.c.d. can be fully used in processing
the optically generated carriers. Direct
injection devices using eight input taps
into a 100 bit p-channel c.c.d. with an
InSb diode array have been fabricated
and operation at 80°K has been achieved.
By adding or integrating detector signals
in the c.c.d. the signal-to-noise ratio for an
infrared detector array can be considerably
improved because the noise from each
detector is random and is therefore summed
non-coherently. Fig. 9(b) shows the array
layout.

Two other types of hybrid imager are
indicated in Fig. 1. These use the visible
imager—signal processor and the visible
imager—memory systems. The first of
these will undoubtedly be used where

(b)
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improvements in picture quality are neces-
sary and integration will be performed by
directly coupling the c.c.d. imager into a
c.c.d. signal processor. The second system
is less likely to be developed as exten-
sively because of the limitation of the c.c.d.
memory operation to one second of storage
times and the consequent requirement of
refreshing the memory. However with the
development  of integrated c.cd.—
m.n.o.s. memory systems with their long-
term memories this position could change.

The combination of c.c.d. imaging,
signal processing and memory on a single
silicon chip is likely to be realized in the
next year or two provided that interest in
the c.c.d. continues at its present rate.

Final comments
In this series we have tried to show the
remarkable progress of the c.c.d. in the
four short years since it was invented.
This has been achieved by the development
of promising new techniques and the
construction of c.c.d. signal processing,
imaging and memory prototype systems.
The factors of small size and the ability
to handle analogue, digital and optical
signals have also made numerous new
applications possible for the c.c.d.
Imaging. The large area imager has been
developed to the point at which full
television area resolution on a single
silicon chip should be achieved in 1975.
There is little doubt that 1,000 X 1,000
bit chips will also be produced in competi-
tion with the silicon diode array vidicons.
Whether these c.c.d. area imagers will
find their way into the home movie camera
market depends on two things. First,
whether the promising high yields obtained
with the recently developed technologies,
like the buried channel and the surface
channel—polysilicon overlapping gate,
can be maintained when the devices go
into production. And second, the invention
of a cheap video tape recording system.
The future for military and commercial
infrared hybrid imagers also looks promis-
ing. The development of a buried-channel
c.cd. based on different semiconductors
like gallium arsenide and indium antimonide
in which both the infrared imaging and
the signal processing could be done by
the same chip also seems a possibility.
Signal processing. The future looks very
bright for signal processing c.c.ds. The
advantage of analogue signal processing,
the recent achievement of linearity of
response and the new non-destructive
tapping techniques that have been invented
have made the c.c.d. very attractive for
radar systems applications such as moving-
target indication, frequency and matched
filters. The lower power consumption and
small size have also encouraged their
early application in signal processing
applications for frequencies up to 10MHz.
Applications for frequencies above this
have been opened up by the development
of a new family of devices called the
peristaltic c.cds which, like the buried-
channel devices, uses transport of charge
in the bulk silicon. In these devices opera-
tion at frequencies of 135MHz have readily

been achieved with transfer inefficiencies as
small as 5 X 103 (reference 15).

Memory. Little has been said about
memory devices partly because some of
what has been said about area imagers
in this final article can also be applied to
area memory arrays, and partly because
commercial success in this area is not as
certain as in the other application areas.

Adoption of c.c.d. serial memories will
depend on the acceptability of this mode
of organization rather than the m.os.
random access type. It remains to be seen
whether the c.c.d. memory will be developed
on a long-term basis or if it will just be
used on a short-term basis—say for the
next five years—until the bubble memories
are developed. Much will depend on the
opinions of systems designers in the
computer field to use new machine archi-
tecture, i.e. serial rather than read/write
memories.
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(I-I_F predictions)

Summary of past conditions

Solar Index Disturbed days
1972 1974 1972 1974
Jan 58 7 10 6
Feb 78 12 4 10
Mar 100 27 8 21
Apr 90 19 4 20
May 90 23 4 22
Jun 82 21 2 16
Jul 94 29 2 18
Aug 96 20 10 21
Sep 83 25 7 22
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Dec 49 16 6 19
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Power supply delayed switching

Simple circuits for control of damaging current and voltage transients

by P. J. Briody

It is generally accepted that the switching
of power supplies causes damaging
transients in electronic loads. Some people
go as far as to say that it is the greatest
single cause of circuit failure and
deterioration. Whether this extreme view
is correct or not, theoretical and practical
considerations tend to suggest that some
more gentle methods of applying power
would increase equipment life and
reliability. One has only to hear the
alarming loudspeaker switching thumps
produced by some domestic audio
amplifiers to be completely convinced that
a remedy is necessary. Hence the purpose
of this article is to examine the problem
and describe some practical solutions with
audio equipment mostly in mind.

Before finding a cure it is necessary to
decide what transient would be acceptable
to any amplifier. It should be safe to
assume that a transient which has the
dimensions of a normal amplifier signal
would be harmless. Furthermore, if the ear
is not to be offended, the highest frequency
component of the switching waveform
should be below the lower 3dB point of
the response curve. If both current and
line voltage are gradually applied over a
period of a few seconds then the goal will
be achieved. All that remains is to find
a method of doing this.

Controlled application of power

Most regulated power pack circuits are
easy to modify to produce gradual
application of line voltage. A simple RC
network at the regulator reference point
will suffice. If, however. the supply is not
regulated then a circuit such as that shown
in Fig. 1 will be necessary. Operation of
switch S will cause the output voltage to
rise and decay according to the time
constants CR, and CR, R,/(R;,+R,).
In a practical circuit 7r;, would be a
Darlington combination of two or more
transistors.

Unfortunately it is found that with many
modern transistor power amplifiers,
controlled line voltage application merely
postpones the switching transient. There
are two reasons for this—firstly most
transistor amplifiers “switch on” sharply at
fixed voltages—secondly the low output
impedances of most power supplies allow
large current spikes to be fed to the load
even if the voltage is closely controlled.

+input output
o- —0
Ry
C -l
: |
_ O

Fig. 1. Basic voltage control circuit.

These drawbacks force us to consider the
merits of controlled current application
instead of, or in addition to, voltage
control.

Current control

An amplifier will usually switch on sharply
at a fixed voltage to full quiescent current.
If, however, the supply current is very
gradually increased from zero, this
transient may be eliminated altogether.
Unfortunately some amplifiers have a
negative resistance characteristic at the
switch-on point and the sharp drop in
voltage may be just as much of a problem
as the current spike. Increasing the current
run-up time will usually cure this secondary

problem. It is thought, therefore, that
current control alone will in most cases
be a complete remedy.

Current switching control can be
achieved using the basic (and practical)
circuit of Fig. 2. Operation of the switch
will allow C, to charge up with the time
constant C;R, R,/(R,; +R,). Opening the
switch will allow C, to discharge through
R,. The voltage and hence the current
through the silicon power diode D, is
controlled by the voltage on C,. Thus run-
up and run-down of the supply current is
achieved. It should be noted that R; is
necessary to ensure that C does not limit
supply current once the run-up time is
complete. Also a power diode was chosen
rather than a resistor to allow a wide span of
control without too much ofasupply voltage
penalty. This circuit can be very effective
indeed and most amplifiers produce no
audible switching thump at all when fed by
it. The steady-state drop across AB isonly
2Vat2A.

The tightness of current control by the
circuit of Fig. 2 is naturally degraded by
additional loads (i.e. several amplifiers in
parallel). This can be overcome by using
two such circuits in tandem as shown in
Fig. 3. The original circuit forms the
emitter load of 7r, and much greater
sensitivity is achieved.

. D output
input upto 50V 1 B up to 2A
+ i —0
A 15420 ) o Try
4 GP100
330
Tro
2N3503
Gy L R,
200;;7- 33k
+ Co
9 2N1132 1-411 100V
’ working

Fig. 2. Current control alone will be adequate in most cases.
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The circuits of Figs 2 and 3 are best
used with unregulated supplies. If, however,
the supply is regulated, the addition of
current control is much simplified. Fig. 4
shows theoretically how this may be done
for a supply fed from only one transformer
secondary. Diode D; ensures reasonable
d.c. conditions in the differential amplifier
prior to the run-up phase. The zener
voltage should be less than the sum of
-all the series base-emitter voltages in the
stabilizer so that the output voltage will
be reduced to negligible proportions when
Tr, is fully conducting. The run-up phase
is initiated by opening the switch S and
C, charges up with time constant
C,R,R;/(R,+R;). Diode D, has a zener
voltage only about 1V greater than D; to
keep the aiming voltage of C, to a minimum.
This will allow a low voltage, large value,
electrolytic capacitor to be used for C,.

Once again a power diode is chosen as -

the current sensor. The forward voltage
drop should be less than the excess (1V).
voltage: on D, if current limiting is
not to occur during normal use of
the supply. Opening of the switch S
allows the supply current to decay with
approximately the same time constant as
the run-up. This can be arranged to “beat”
the natural discharge of the smoothing
capacitors. Conversely, the charge-up of
the smoothing circuit will be much faster
than the current run-up. This means that
S may be simply a third pole on the power
pack on/off switch rather than a relay.

A practical circuit based on Fig. 4 is
shown in Fig. 5. This is the author’s own
2A, 40V power pack regulator. The run-up
and run-down times are a few seconds

+50V input
o

S

A B

Tra
GP100
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output

current control
circuitas in Fig.2
(exclude Cp)

Tl"s

2N3503

L s
- 100V
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—¢
D,
3-3v

22k

—)

Fig. 3. Practical tandem current control circuit for several parallel loads.
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Fig. 4. Theoretical current control of regulated supply.
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Fig. 5. Complete regulated power pack with current switching control.
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The Sinclair DM2 Multimeter.

Comprehensive. Accurate. Portable.
And really rugged.

Yet only £59. ;.5

"”' Slncialr Multimeter DM2
: bat

N \\\§
NN\

State-of-the-art circuitdesign, incorporating high-quality
components, hasresulted in a professional, 31 digit
instrument of outstanding performance and reliability at a
realistic price.

A custom-designed MOS LS} digital processing IC controls
the auto-polarity dual-slope-integration A to D converter.
The circuit builtaround this IC usesa MOSFET op-amp input
buffer with 0-1% metal-film resistors. The resultis

excellent accuracy and stability with a very high basic input
impedance.

Theinstrumentreadsto - 1999 and has a basic accuracy
onthe1V DCrange of 0-3% + 1digit. Four 8 mm LED
displays provide excellent legibility and angle of view.
Battery operation allows complete independence of mains
supply.

The Sinclair DM2 has all the capability you need. Just take a
look atits features and compare them with higher-priced
multimeters. You'li find the DM2 is theirequal in virtually
everything — except price !

.. ﬂ\ d\ n\“ I M J\“ ln\ I .ﬂ\ .ﬂ\ lﬂ‘ |“ | d‘ | M d\ \\ \M M M\n\

—AC— r—DCH
Vv mA V mA KO

///////////////////////,/////

Features of the Sinclair DM2

5 functionsgiving 22 ranges
DCvolts-1mVto 1000V
ACvolts— 1 mVto 500V
DCcurrent-0-1pAto1 A
ACcurrent-1uAto1 A
Resistance -~ 1(2t0 20 M
Easy to use

Automatic polarity, bush-button
selection for all ranges and modes
from a single input terminal pair.
Easy to read

Big, bright8 mm LED display gives
aquick, ciearreading.

3} digitdisplay

Display reads from 000 to 1999.
Overload indicator.

Protected

Separate fuses for current and
resistance circuits.

Accurate

Dual slope integration. High
stability.

www americanradiohistorv com

Rugged construction

Tough metal casing takes the
roughest treatment — try standing
onit!

Two bpower seurces

Supplied with a 9 V battery,
giving 60-hour typical life. Mains
adaptor zlso available.
Portable

Weighs only 23 |b approx,
including battery.
Measuresonly 2inx9inx6in
approx.

Optional extras

Mains adaptor — £2 43 inc VAT.
Carrying case - £5.40 inc VAT.
12-month no-quibble
guarantee
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Useitin yourlaboratory . The DM2sits rigidly on its
combined carrying handle/stand.

Useiton the move. Keep the DM2inits carrying case
—it's always ready for use.

All you need touse the DM2...anywhere. Mains
adaptor...carrying case... multimeter...you're
ready for quick, efficient metering — whatever the
situation. !

Take advantage of this money-back, no-risk offer
today v

Test the Sinclair DM2 for yourself. Simply send us a cheque,
your Access/Barclaycard number, or an official company
order, with the coupon below. And in the unlikely event you
findit's not what you need, return it to us within 10 days
and we'll refund your money in full.

Interested in a quantity discount ? .
Use the coupon to arrange a demonstration and get details
of prices on 5 or more instruments.

Sinclair Radionics Ltd,
London Road, St lves, Huntingdon,
Cambs., PE17 4HJ.

Tel: Stives (0480) 64646.
VAT Registration N0 :213817088.
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The Sinclair DM2 Multimeter:
full technical story

DC Volts
Range Accuracy Input Resolution
Impedance
1V 0:3% + 1 Digit >100M Q) 1mV
10V 0-5% + 1 10MQ 10mV
100V 05% +1 ., 10MQ 100 mV
1000 V 05% +1 .. 10OMQ 1V
Maximum overload — 350V on 1 Vrange
1000V on all other ranges.
AC Voits
Range Accuracy Input Frequency
Impedance Range
1V 1-0% + 2 Digits 10 M Q/40 pF 20 Hz-3 KHz
Vv 10% t 2 10 M /40 pF 20 Hz-3 KHz
100V 20% +2 .. 10 M Q/40 pF 20 Hz-3 KHz
1000 V 2:0% + 2 10 M Q/40 pF 20 Hz-1 KHz
Maximum overload—300V on 1 Vrange
500V on all otherranges.
DC Current Input
Range Accuracy Impedance Resolution
100 A 2:0% : 1 Digit 10KQ 100 nA
1 mA 08%+1 . 1KQ 1A
10 mA 0-8% 1 10042 10uA
100 mA 08% : 1 10Q 100 A
1000 mA 2:0% : 1 1Q 1mA
Maximum overload - 1A (fused).
AC Current
Range Accuracy Frequency
Range
1 mA 1-5% -, 2 Digits 20 Hz-1 KHz
10 mA 15% 2 20 Hz-1 KHz
100mA . 15% 2 20 Hz-1 KHz
1000 mA 2:0% +2 ., 20 Hz-1 KHz
Maximum overload — 1 A (fused).
Resistance
Range Accuracy Measuring
: Current
1KQ 1-0% + 1 Digit 1 mA
10KQ 10%+1 100 A
100KQ 10% + 1 10uA
1000 K Q2 10%+1 1A
10MQ 20% t1 . 100 nA

Overload protection —50 mA (fused).

————-———————q
To:Sinclair Radionics Ltd, FREEPOST, Stlves,

Huntingdon, Cambs., PE17 4BR.

Please send me:
I ..... Multimeters « £63.72

*| enclose a cheque for £

inc VAT.
..... Mains adaptors « £2.43 .
inc VAT. My Acgess/Barclaycard
I ...... Carrying cases @ £5.40 number :
inc VAT,
I | am interested in 5 or more
multimeters. *| enclose an official company
------ Please arrange a order — signed and dated.
demonstration.
...... Please send details of *Please complete or delete as
quantity discounts. applicable.
Name
I Address

Please print

FREEPOST - no stamp needed with address above.
— ¢ ¢t ° r ' T’ ' I [ |
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B Modern styling, with clearfront plastic _f\_‘\'-:’!g"ﬁ"* . e n‘ﬁf;f!_ S
case. .,;&‘k‘ SRl S /?%' o

B Seven models, scale lengths from 1.3”
to 5.25".

B Extensively used by many leading
manufacturers of electronic and
electrical equipment.

B Available in all ranges, moving coil
and moving iron.

Competitive prices.

B PRODUCTION QUANTITIES NOW

AVAILABLE EIGHT TO TEN WEEKS
Anders provide what is probably the largest Popular models and ranges are stocked in depth
range of meters available from a single source while a specially equipped instrument depart-
in Europe: MC/MI, dynamometer, vibrating ment enables swift production of non-standard
reed, electrostatic, etc. in over 100 case styles ranges and scales, to suit individual customer
and sizes, a few of which are shown below. requirements, in large or small quantities.

Models KE1 and KE2
Miniature Edgewise
Meters. Nominal scale
lengths 1.2 and 2",

Oxford Long Scale 240°. Available in sensitivities

from 50 microamps
Moving Coil.

Vulcan Moving Iron. 4
models, 1-5”, 1-87, 277,
3:7” scales. Voltmeters,
ammeters and motor
starting meters.

2 models, 5-5”, 8” scales.
DC moving coit and AC
moving coil rectified.

Regal Range 100° ‘ Stafford Long Scale 240 Lancaster Long Scale
flattened arc. 2 models Profile 350 edgewise 6 models, 3-5"—11-5" 240°. 2 models, 4”, 5-5”
2.5” and 3.2 scales. 4-3” scale. scales. DC moving coil, scales. DC moving coil
Taut band. DC moving DC moving coil and AC AC moving coil rectified, and AC moving coil
coil and AC moving coil moving coil rectified. AC moving iron. Also 98° BT
rectified. Horizontal or vertical scale.

mounting.

ﬂnnens Elemnnlﬁ “mmn 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387'9092.

Manufacturers and distributors of Electrical Measuring Instruments. Sole U.K. distribut_ors cf FRAHM Resonant Beed Frequency
Meters and Tachometers. Manufacturers of purpose built etectrical and electronic equipment to customers requirements.
WW—145 FOR FURTHER DETAILS
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depending on the amplifier quiescent
current. It is worth mentioning a couple
of points on the regulator itself. Firstly
the short-circuit protection circuit is the
very elegant one by Dr A. R. Bailey*.
Secondly, the constant current excitation
is unusual in that it is collector-fed, thus
losing the advantage of hum reduction
offered by the emitter-fed version. It was
arranged this way so that excitation current
is drawn from the low impedance point
A, allowing very low regulator output
impedance but at the same time producing
high control gain at point B. A power
supply using this design is very cheap to
build and gives outstanding regulation
stability (less than 0.05% for + 10% input
variation). The output impedance for d.c.
up to 1A is less than 0.01Q (not during
run-up or run-down).

Conclusions

Having rejected voltage control at an early
stage as a general solution to switching
transients, three very basic current control
circuits have been described in this article.
Of these the last (Fig. 5) offers possibilities
for further development. An interesting first
step in this direction would be to replace
the differential amplifier with a high gain
i.c. version. With skill and care it should
be possible to control current transients
of magnitude less than 0.01% of the
floating value during run-up. This would
provide transient protection for pre-
amplifier stages as well. For those wishing
to simply eliminate large transients, any
of the circuits of Figs 2, 3 or 5 will suffice.

Reference

*Bailey, A. R., “Output Transistor Protection
in A.F. Amplifiers,” Wireless World, June
1968, p154.

Centenary of the
crystal rectifier

In November 1874 Ferdinand Braun, a
grammar school teacher in Leipzig, pub-
lished an article on Current flow through
metallic sulphides. Braun, who later became
full professor of experimental physics at
Strasbourg University, drew the attention
of his fellow scientists to a phenomenon he
had discovered while investigating the con-
ductivity of sulphide crystals: the intensity
of the current flowing through the crystal
depends on the direction of the current.
Braun was not able to explain this departure
from Ohm’s Law, but he assumed that the
rectifying effect was either caused by a
gas layer between crystal and wire or was
due to the crystal structure itself.

A similar effect was discovered in 1876
by Werner von Siemens while examining
the light sensitivity of selenium. He also
spoke of the rectifying effect as a “peculiar
and contradictory phenomenon” and sus-
pected that the causelay in an electrolytically
influenced boundary layer.

Twenty-five years passed before Braun
used the crystal rectifier to prove the exist-
ence of electromagnetic waves and thus
found a replacement for the “coherers”.
With the development of wireless telegraphy
the crystal detector became more -and more
important. About 50 years ago the first
wireless listeners sat with headphones onin
front of the “detector”, and fiddled around
with the 'wire contact in an attempt to
improve reception by applying it to just the
right point on the crystal. The point contact
rectifiers were followed by surface contact
crystal rectifiers in the 1920s. The latter,
which found a wide field of application in
a.c. techniques, replaced the less stable
electrolytic rectifiers. The first member of
the series of “dry rectifiers” was the copper-
oxide rectifier in 1926, followed by the
selenium rectifier in 1930.

Depletion layer theory
The principle underlying all crystal
rectifiers was a metal semiconductor contact
—or so everybody thought at that time—
and efforts were made to find a physical
explanation of the rectifying phenomenon.
The most significant contribution came
from Walter Schottky, who published his
depletion layer theory in 1939: as a result
of the differing work functions of electrons
in a metal and a semiconductor, electrons
can travel from the semiconductor to the
metal (with suitably selected materials).
A carrier-depleted space charge region,
which acts as a barrier layer, is created.
Depending on the polarity of the applied
voltage, this depletion zone either disappears
(conduction) or expands (blocking).
Around 1930 the point contact detector
had to make way for the electron tube.
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About ten years.later the point contact
diode was once again in favour, because the
delay effects inherent in thermionic diodes
rule out their employment at very high
frequencies, as is customary in radar
engineering. The place of natural sulphur
crystals was taken by pure germanium
and silicon crystals with, a certain degree
of doping. The Ge and Si point contact
diodes were developed around 1940 and
basically identical diodes are still in use
today. Siemens was producing Ge rectifier
elements in Berlin by the end of 1942.

Brattain and Bardeen discovered the
transistor effect in 1948. Two point con-
tacts, attached to a Ge crystal for the
examination of surface properties, led to
the crystal amplifier. Shockley put forward
the theory of the p-n junction in 1949,
which became the principle underlying the
p-n diode and the transistor. The rectifier
mechanism of the metal-semiconductor
contact could now be contrasted with that
of the p-n junction. It was even discovered
that selenium rectifiers and germanium
point contact diodes formed by a current
pulse have p-n junctions.

High voltage and current

The silicon p-n rectifier lent itself ideally
to high voltage and current applications.
Difficulties however arose in manufacturing
pure-state silicon single crystals. In
Germany E. Spenke and his team working
in Pretzfeld near Erlangen succeeded in
developing rectifiers made from pure-state
silicon with—initially—an active area of a
few mm? Nowadays, there are silicon
rectifiers with crystal areas of up to 12cm?,
which can be used at voltages up to 6kV
and currents of over 1000A. By inserting a
weakly conducting zone between the p and
n regions, the structure was expanded to
obtain p-i-n and p-s-n rectifiers.

Transistor technology advanced in 25
years from the point contact transistor via
the alloy transistor to mesa and planar
transistors (1960). Silicon planar technology
can, however, be used for metal-semi-
conductor contacts as well as for p-n
junctions. The Schottky diode (since about
1963) combines the high frequency advan-
tages of the Si point contact diode with the
advantages of the mechanical and electrical
stability of the planar semiconductor
elements. .

The most significant difference between
the two types of rectifiers, p-n diodes and
Schottky diodes, lies in their dynamic
behaviour. In the case of p-n diodes, charge
carriers diffuse via the p-n junction when a
current flows and increases the number of
minority carriers in the neutral region. On
switching over to the reverse direction,
these charge carriers have to be swept away

.before the barrier layer effect can appear.

Switchover is associated with an inertia
effect. In the metal-semiconductor contact
only majority carriers are involved; there is
practically no storage effect. Forthisreason,
metal-semiconductor diodes can also be
used for microwave applications (varactors,
mixers, avalanche diodes, etc). The Schottky
contact has also found application as a
clamping diode in bipolar integrated circuits,
and in field effect transistors.
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World of
Amateur
Radio

J

Milliwatts and coherent c.w

For many years, the patient art of achiev-
ing practical 1.8MHz and h.f. com-
munication using very low power has
attracted the interest of numbers of radio
amateurs. Most use input powers of the
order of 1-5 watts, but some think more
in terms of milliwatts. For example, a few
years back Bert Hammett, G3VWK,
carried out some interesting experiments
using an “active aerial” consisting of a
conventional 1.8MHz aerial with a 20-
milliwatt integrated-circuit transmitter and
battery suspended from the T-insulator
and with the only lead from the aerial being
the microphone lead. Using double-side-
band suppressed-carrier techniques he
achieved phone contacts exceeding 100
miles. Or again, in 1954 J. M. Osborne,
G3HMO, made several 1.8MHz contacts
over distances up to 15 miles using as
power supply 2mA at 4 volts from a solar
battery. In 1961 the New Zealand station,
ZL1AAX, made a number of 3.5MHz
contacts of up to 160 miles or so using a
single tunnel diode as a transmitter
powered from a 1.5-volt battery. And in
the professional communications field, an
RCA investigation over a decade ago
showed that with a high-stability trans-
mitter and receiver, so that receiver “noise
bandwidths” of only a few hertz could be
used, it was possible with a signalling rate
of just three bits per minute to transmit
messages at milliwatt levels reliably on h.f.
over distances up to 2,000 miles. Trans-
mitter stability was achieved by using
body temperature to provide a “crystal
oven”. This work was aimed at such
applications as allowing a crashed pilot to
report his position. It is very largely a
question of having good enough stability
to allow the receiver bandwidth to be
reduced to a very small figure and then
avoiding using a frequency already
occupied by a high-power station.

For some years, The Milliwatt, pub-
lished at the University of South Dakota,
has been encouraging this type of operation
and is devoted exclusively to “under 5-watt
amateur radio”. P. J. Shephard of
Maidstone, Kent, has drawn my attention

to some proposals in the journal by
Raymond Petit, WIGHM, who has been
using a novel type of “coherent c.w.”
technique which he claims can result in
typically a 20dB signal-to-noise-ratio
improvement at moderate signalling rates.
This requires stability of the -order of
2-3Hz and with an electronic keyer using
an accurately controlled master clock. In
practice all stations would transmit on
3550kHz and have a high-stability 4MHz
oscillator which would provide outputs on
4MHz (for receiver conversion to 450kHz),
400kHz (for second conversion to 50kHz)
and also 200kHz, 4kHz and 10kHz for
operation of a special “coherent receiving
filter” and the clock of the electronic keyer.
The system, in effect, depends on the
receiving filter knowing in advance that if
a dit or dah is to begin or end, it will do so
at a precisely known time, allowing integra-
tion of the signal over a period of time.

World Radio Club

The BBC’s World Service weekly pro-
gramme “World Radio Club” has
recently enrolled its 20,000th member—
representing an increase of 4,000 during
1974. In a change of programme times it
now goes out on Wednesdays at 1330
(times in GMT) and 2315, Fridays at 2030
and Sundays at 0815. This means that the
transmissions on medium-wave (1088kHz)
which are most reliably received in the UK
from Crowborough is now at 2315 on
Wednesdays instead of Fridays. The pro-
gramme continues to be produced by Reg
Kennedy, with Peter Barsby as presenter
and Henry Hatch, G2CBB, as regular
contributor.

Norman Fitch, G3FPK, has been
appointed Vice President International of
the Amateur Radio News Service—an
independent American-based group who
are anxious to help amateur radio clubs in
the production of better club newsletters
and in improving public relations (details
from G3FPK, 40 Eskdale Gardens, Purley,
Surrey).

IARU celebrates 50 years

When representatives from the 40 or so
member societies of the Region 1 Division
of the International Amateur Radio Union
meet in Warsaw on April 14, it will be 50
years to the day since IARU was founded
in Paris. This followed an earlier meeting
in March, 1924, at which a provisional
committee for an “International Union of
Wireless Amateurs” had been set up at the
prompting of Hiram Maxim, W1AW, then
president of ARRL and General Ferrie,
the noted French pioneer of radio, Gerald
Marcuse, G2NM, and others.

In the 1925 meetings at the French
Academy of Science there were over 250

- delegates including 22 from Britain. Apart

from discussing the setting up of the
IARU the delegates surveyed arrange-
ments for international tests, allocations
of definite wavebands for international
working, adoption of an auxiliary language
(Esperanto was chosen), “intermediate
letters” (the early form of international
prefix). Headquarters facilities were to be
provided by ARRL and there would be
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individual members with subscriptions of
$1.

But the Union soon ran into teething
troubles and many of the original high
aims had to be put to one side. The idea
of individual membership was abandoned
and a new Constitution in 1928 made the
IARU an international federation of the
independent national societies. But despite
its low-key profile it continued to do useful
work to further amateur radio and protect
frequencies. Then in 1950 a big step
forward was taken with the setting up in
Europe of the first of the Regional
bureaux to take active steps to watch over
and safeguard the amateur frequency
allocations and to co-ordinate activities.

Now, in 1975, the Union is already
actively preparing for the ITU World
Administrative Radio Conference to be
held in 1979 and the Warsaw meetings this
Aprit will concentrate on a plan for
possible expansion of h.f. allocations which
seems feasible in view of the transfer to
communications satellites of many pro-
fessional long-distance communications
circuits. A few weeks earlier, from March
4 to 10, an TARU Region 3 Conference
is being held in Hong Kong.

Italian FAX

Prof. Franco Franci, 14LCF, is anxious
to encourage more use of facsimile trans-
mission by amateurs. There is now a
regular FAX net around Bologna on
144MHz but he would like to arrange
FAX schedules with amateurs in other
countries, including the UK. He is
normally active on 14.225MHz about
1100 GMT on Sunday mornings. I have
seen several examples of his FAX pictures
using 120rpm and 60rpm machines and
they seem of high standard. Unfortunately
it still appears to be difficult (if not
impossible) for British amateurs to obtain
permission to transmit FAX on h.f
although slow-scan TV permits are, of
course. issued.

In brief

The annual BERU contest is being held on
March 8-9 and March also sees the
second leg of the 41st ARRL DX Con-
tests (March 1-2 ’phone, March 15-16
CW.). . .. Canada is proposing to lift a
number of restrictions on its 27MHz
General (Citizens Band) radio service,
including allowing hobby and skip com-
munications. . . . “Even though sunspots
in general are at a low ebb don’t ignore
ten metres”—Q@S7. . . . The Midland
Amateur Radio Society is holding the
North Midlands Mobile Rally on Sunday,
April 20, at Drayton Manor Park,
Tamworth. . . . The Morse proficiency
transmissions by G3BZU of the Royal
Navy Amateur Radio Society on the first
Tuesday of each month (3520kHz) now
includes a section at 15wpm in addition to
20, 25, 30, 35 and 40wpm. ... The Vintage
Wireless Museum of the Wireless Preserva-
tion Society has moved from Lincolnshire
to the Isle of Wight (Mr Douglas Byrne,
G3KPO, Alverstone Manor Hotel, Shank-
lin; (Tel Shanklin2586).

PAT HAWKER, G3VA
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Kirchhoff’'s voltage law

More about e.m.f. and p.d.

by M. G. Scroggie

“What is e.m.f.?” (in the August 1974
issue) stirred up quite a bit of contro-
versy. I could hardly have asked for
better evidence to support my case that
people who are concerned with the prac-
tical applications of electricity (including
of course electronics) tend to rely for their
basic principles on hazy memories of old
unhappy far-off things and lessons long
ago. Most of the time one can get away
with this. An accurate and comprehensive
understanding of the laws of thermo-
dynamics is not absolutely essential in
order to utilize them for travelling from
A to B by driving a motor car. But it is
useful if -one wants to design a better
engine for the car. Or even for controlling
its temperature to achieve the utmost fuel
economy.

At the end of the aforementioned
article I warned readers not to suppose
that acceptance of the ideas about e.m.f.
that I had put forward in some detail, or
of any alternative treatments they could
find elsewhere, would necessarily make the
distinction between e.m.f. and p.d. quite
clear, leaving no room for doubt or dis-
agreement. If in spite of this warning
there are any who do feel competent to
sort out em.fs and p.ds in any situation,
I invite them now to stay with us for a
few minutes.

To make the discussion relate to some-
thing not too airy-fairy, let us consider
Kirchhoff’s voltage law. This is second
only to Ohm’s law in the ABC of circuits.
Looking up a rather elderly book, I find it
stated thus: '

“In any closed circuit, the algebraic sum of

the products of the current and resistance of

each part of the circuit, is equal to the
electromotive force in the circuit”.

Applied to the simple circuit in Fig. 1,
this would mean that

IR,+IR,=E

where I is the current throughout the
circuit and E the e.m.f. of the battery.
(If the resistance of the battery was not
negligible, and was denoted by R,, one
would have to add IR, to the left-hand
side.) IR, and IR, are, of course, the
potential differences (p.ds) across R, and
R, respectively. Often they are denoted
by V,, V,,etc.

I don’t know what German word was
translated above as “circuit”, but I'm quite

a I Ry b
»- A A %
1
-» >
E< §R2
v
. )
C

Fig. 1 Simple d.c. circuit for illustrating
Kirchhoff’s voltage law.

sure that Kirchhoff didn’t mean what is
understood nowadays by this word when
we refer to the circuit of, say, a stereo
amplifier. A better word would be
“mesh”. However complicated the circuit
it consists of meshes, or closed paths.
In Fig. 1 there could be circuit con-
nections to other meshes at a, b and c.
So it would be quite possible for the
current in R, not only to be different in
value from that in R,, but not even flow-
ing in the same direction. Hence Kirch-
hoff’s insistence on algebraic sum. We
must take account of plus and minus. And
that means we must have some reliable
system for distinguishing between these
throughout the mesh. It is no good follow-
ing the example of many (including
authors of textbooks on electrical engineer-
ing still being published) who, for some
reason that has never been explained to me,
identify ¥, etc. on a diagram by double-
headed arrows, thereby obliterating the
somewhat important distinction between
positive and negative. (If you are a student
and your teacher does this, do me a favour
and ask why, and then tell me the
answer.) Reliable systems for this purpose
are the main subject of the book “Phasor
Diagrams” mentioned in my previous
article.

1 have little doubt that if we had been
able to suggest to Kirchhoff a slight
elaboration of his law to cover circuits
with more than one e.m.f.,, by amending
the latter part of the wording to “is equal
to the algebraic sum of the electromotive
forces in the mesh” he would readily have
replied “Ja wohl!”.
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So, in applying Kirchhoff’s voltagé law
to a mesh, especially one with a lot of
e.nfs and p.ds in it, forming part of a
complicated circuit, one has to draw up
a sort of balance sheet of voltages; Vs on
one side and Es on the other. As in every
acceptable balance sheet, the sum on each
side must be the same. And just as one
cannot hope to draw up a reliable balance
sheet without being able to tell the dif-
ference between an asset and a liability,
so in applying Kirchhoff’s law we have
to be able to tell which voltages are Es
(e.m.fs) and which are Vs (p.ds).

In ordinary d.c. circuits (which presum-
ably, in 1847, were the only sort Kirch-
hoff knew about) there is no problem. But
what about a.c.?

We have become so accustomed to the
concept of impedance that we may forget
what a clever labour-saving idea it is.
Without it, we would have to solve dif-
ferential equations, usually of the second
order, whenever we had to calculate even
simple a.c. circuits. With it, we can bring
them within the familiar d.c. circuit laws,
such as Ohm’s law and Kirchhoff’s laws,
by simply substituting the word “imped-
ance” for “resistance”. Of course we
don’t get this enormous advantage abso-
lutely for free. Firstly, it is restricted to the
sinusoidal waveform. But that covers,
more or less, most practical cases. The
other thing is that although the forms of
the d.c. laws and equations are preserved,
the use of them is rather more complicated
because we have to take account of
phase. There are various ways of doing
this, such as drawing phasor diagrams, in
which phase relationships are represented
by angles; or the j method, in which
separate account is kept of the resistance
and reactance parts of impedance. I'm
going to take all this as read, and con-
centrate on the application to a.c. circuits
of Kirchhoff’s voltage law.

Apart from the above-mentioned com-
plication that arises when resistance is
generalized into impedance, this might
seem to be quite straightforward. But
perusal of many textbooks on electrical
engineering and circuit theory convinced
me that it was not. That is, when Kirch-
hoff’s voltage law is used in its original
form——the one I quoted, in which all the
voltages in the circuit have to be sorted
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out into Vs and Es. Instead of
IR, +IR,=E
orV,+V,=E

as in Fig. 1, we would have, for example,
1Z,+1Z,=F

In Fig. 2, Z,=R and Z,=jwL, so we get
IR+joLI=E

No room for argument, surely?

R
VAN

‘© :

J

Fig. 2 Simple circuit for illustrating
- Kirchhoff’s voltage law as extended to a.c.

Yet at this point the textbooks imme-
diately fall into disarray. Before they get
to the stage of wL (or X,) they will have
had to explain that the voltage across
L (=1X_,) is “the e.m.f. of self-induction”.
There is also IX ¢, which is treated exactly
the same except for its opposite sign. But
the books have nothing to say about a
capacitive counterpart to the inductive
e.n.f. Most of them maintain a discreet
reserve on the subject, but one gets the
impression that officially no em.f. is
involved, in spite of the fact that it is
easier to drive a current through a
resistor with a charged capacitor than
with a magnetized inductor!

Some of the books stick strictly to the
impedance concept and the form of
Kirchhoff’s law. X, and X, are imped-
ances, so they too should be multiplied
by I and then classed as.¥s. The poor
student, having learnt all about the e.m.f.
of self<induction in one chapter may well
be perplexed when in a later one he is told
that this e.m.f. is not to be put on the
e.m.f. side of the equation but on the
other side! This seems to be outdoing
Humpty Dumpty who made words mean
just what he chose, by making them mean
opposite things in different parts of the
book. However, the analogy between
reactance and resistance (though they are
really quite different things) does make the
circuit sums much easier, so the student
may be prepared to accept this voltage
volte face. But while it may be all right
with a simple inductor, even when it is
the primary winding of an unloaded trans-
former, what does he do if someone
connects a generator to its secondary
winding? Besides the “impedance p.d.”
across the “primary” there is now a voltage
coming through from the “secondary”, and
surely thisisane.m.f.? )

So some books put the voltage on the V'
side when it arises from an inductor and
on the E side when it is a transformer.
Another lot class /X, as an e.m.f. (more
specifically, a “back e.m.f.”). Others put
“forward e.m.fs” on one side of the equa-
tion and “back e.m.fs” (even /R has been

known to be so classified!) on the other.
Again, they divide on the IX, issue.

So there does seem to be a need to look
a little more closely at this “e.m.f. or
p.d.?” question. If then we decide to put
e.m.fs on the p.d. side of the Kirchhoff
equation we shall at least be doing it with
our eyes open.

The Bellman, preparing his crew for
hunting the Snark, was able to tell them
“the five unmistakable marks by which
you may know, wherever you go, the war-
ranted genuine Snarks”. I'm afraid [

won’t be able to do as well as this for.

e.m.fs. One might begin with the revised
British Standard* definition of e.m.f,
which says it is “the p.d. in a static-
electrification field or in an induced electric
field”. According to this, then, not being a
p.d. fails to qualify as an “unmistakable
mark”. But is the BS right about this?
Reluctant though I am to question what
the committee of wise men arrived at after
due deliberation, I would respectfully draw
their attention to Fig. 3 showing a cross-
section of a core through which a magnetic
flux is increasing at a constant rate, sur-
rounded by a ring of uniform resistive
wire. No p.d. can be found between any
two points on this wire, yet there is
undeniably an e.m.f. along it. So the BS
definition immediately falls down.

Fig. 3 In this arrangement there is an
e.m.f. but no p.d. So how can it be right
to define e.m.f. in terms of p.d.?

Reading it once again, one might sup-
pose that a “static-electrification field”
was one due to opposite electric charges,
say on the plates of a capacitor. But the
definition says it is “an electric field
brought on in a substance, or at the
junction of two dissimilar substances, by
one of various phenomena such as contact,
thermal, photo or mechanical effects,or by a
chemical reaction”. This obviously refers,
among other things, to batteries, thermo-
couples, photodiodes and rapidly removed
nylon vests. But it does not seem to include
capacitors, charged perhaps by a battery,
which are covered by another definition, of
“electric field”. This definition does not
include induced electric fields, nor, pre-
sumably, “static-electrification” fields, so
it ought really to have been distinguished
as, say, “charge field”.

So, trying to make sense of a rather
confusing set of definitions, I gather that
electric fields can be sorted into three
classes, according to cause: electro-
magnetic  induction; electric charges
separated by any of the agencies men-

*BS 4727:Part 1:Group 01:1971.
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tioned in the definition of static-
electrification field; and electric charges
separated electrically. Fields are reckoned
in volts per metre. The volts in all three
classes are volts of p.d., but in the first
two only they are also volts of e.m.f.

P.d. between two points is defined as
numerically equal to the work of removing
a unit negative charge from one point to
the other. Unit charge being (in SI) one
coulomb, or the charge which needs
I gigavolt (=10° volts) to transfer from
plate to plate of a InF capacitor, I suspect
that it might well affect the p.d. one was
attempting to measure; but let that pass.
There can be no doubt that if a p.d. exists
between two points it tends to make a
positive electric charge move from the
more positive point to the other. Just as
the gravitational difference of potential
between the table and the floor can make
a weight drop from one to the other. But to
replace the weight, or put it there in the
beginning, someone has to pick it up and
do work on it, transferring energy from
himself to it. And an e.m.f. is needed to
transfer electric charges against a p.d.

Where disagreements begin- again is
over where the electrical energy provided
by an e.m.f. can come from. Fig. 4(a) shows
what looks like a circuit, in which a cur-
rent / is being made to flow through R
against an undoubted p.d., by the charged
capacitor C. Fig. 4(b) looks remarkably
like (a), and its actual behaviour is
essentially the same. Both capacitor and
cell can keep the current flowing as long
as their store of energy lasts. The proba-
bility that the cell has more energy than
the capacitor makes no difference to the
principle. But in (a) the electrical energy
being dissipated in R comes from electrical
energy in C. And 1 believe most—but
perhaps not all—would agree that one of
the unmistakable marks of an e.m.f. is
that the energy coming into the circuit
must be from a non-electrical source. So
(a) doesn’t qualify, but (b) does because
the driving energy is of a chemical nature.

Fig. 4(c) is a bit more tricky, as readers
of “What is e.m.f.?” may recall. This
circuit was the one then under dis-
cussion. L (but nothing else) is supposed
to be in a steadily varying magnetic field,
which causes in it what would, I’'m sure,
be generally agreed to be a steady e.m.f.,
also capable of driving a current through R.
(I do realize that if you managed to read
“Electricity and Magnetism?” in the
September and October issues you would

I 4 I

+ + g :

c: R _I éR L
(a)

Fig. 4 These three circuits look similar
and are all doing the same thing, but do
they all include e.m.fs? Are they all
circuits?

I
(b) (c)
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be ready to point out that magnetism is
only electricity in another manifestation,
so if (a) doesn’t qualify neither should (c).
But please don’t be awkward!)

Passing hastily on, we note that whereas
in (b) and (c) the charges of which the
current is composed can go right round
the circuit (given time) in (a) they can
go only from one capacitor plate, through
R, to the other. So, strictly, (a) is not a
circuit at all. And whereas in (a) some
energy from outside is needed to carry
a positive test charge from negative to
positive plate of the capacitor by either
route (via R or direct) in (b) and (c) it can
pass freely from negative to positive,
through the source of e.m.f. which exactly
neutralizes the charge field from positive
to negative. Not even any of the people
who wrote in to disapprove of some feature
or other of “What is e.m.f.?” questioned
that in Fig. 4(c) there was an e.m.f., asso-
ciated with L. (Yes; I do remember that we
are supposed to be talking about Kirch-
hoff’s law as applied to a.c. Although I
haven’t come across an a.c. battery, there
is no difficulty in converting Fig. 4(c) to
a.c. simply by putting L in a sinusoidally
varying magnetic field, conveniently by
making it the secondary winding of a
transformer.)

All these things being so, there seems
to be no doubt that in (b) and (c) there
are e.m.fs and in (a) there is none, and
that (b) and (c) are circuits but (a) is not.
This corresponds to the three classes of
electric field defined in BS 4727.

Fig. 5 Is this truly a circuit?

One result of the above conclusions is
that we must stop calling Fig. 5 a circuit.
It is just the same in principle as Fig. 4(a);
merely a capacitor, with a rather elaborate
system, including two sources of e.m.f,
for periodically charging and discharging
it. Your study of a.c. theory, which has
taught you to treat L and C as opposite
varieties of the same thing, has proved to
be false. Their beautiful symmetry, seen to
perfection in a tuned circuit, are opposed
in L by the em.f. of self-induction and
in C by something different. And Kirch-
hoff’s law gets into a right old mess.

Appalled by the implications of what
seem to be those inevitable conclusions,
many teachers reinstate X, and X as
positive and negative kinds of the same
thing. Fig. 5 is admitted as a circuit by
using the idea of displacement current
between the plates of C. (The same con-
cept helps mightily with electromagnetic
waves.) Admitting C (with reservations)
as a source of e.m.f. ends the difficulty

with Kirchhoff’s law, because every voltage
is then either an e.m.f. or an /R drop. Or
does it? The fact remains that there is no
consistent and generally agreed principle
for deciding on how to classify voltages
in a.c. circuits into Es and Vs.

Not only so, but the task of separating
Es from Vs is complicated by the fact
that some circuit elements can behave
sometimes as sources of energy and some-
times as receivers. This happens twice
every cycle, of course, with L and C; but [
mean longer-term behaviour. There was
the transformer with a generator in the
secondary circuit. And there are syn-
chronous a.c. motors. With such circuits
one would be kept busy transferring voltage
entries from one side of the ledger to the
other. The very object of the exercise of
drawing phasor diagrams or making cir-
cuit calculations may be to find out which
elements are generators and which are
loads, so an equation that relies on sorting
these out before one can begin is no help
at all.

Going back to Kirchhoff we recall that
his first or current law says that “the
algebraic sum of the currents that meet at
any point is zero”. Since his time the
principle of duality has been established,
in which the “dual” of current is voltage,
and the dual of a node (i.e., a place where
currents meet) is a mesh. So the dual of the
current law is a voltage law with no
distinction between Es and Vs, so none of
the arguments and problems we have been
discussing. And the law in this form is
quite general, ready-made for a.c. I'm
quite sure that if the ghost of Kirchhoff
were to be approached along these lines,
his “Ja wohl!” to this second amend-
ment to his second law could be confidently
expected.

Many present-day teachers and text-
book writers, with or without Kirch-
hoff’s consent, do indeed state his second
law as “The algebraic sum of the voltages
around any mesh is zero”. Briefly, in
symbols, 2'V=0. The advantages are so
numerous and manifest that one might
expect that by now this form would be
universal. But no; there are books that
continue to follow the original version
with all its disadvantages and limitations,
thereby condemning their readers to the
wholly unnecessary confusion and diffi-
culties we have been reviewing. One
wonders why. .

The only trace of a justification put
forward seems to be that “it is important

to know which voltages are em.fs and -

which are not”. But this is not some-
thing that need be known in advance; it is
something that emerges when the circuit is
examined and its phasor diagram drawn.
Those voltage components that are in
phase with the current are e.m.fs and those
that are in antiphase are resistances or
the equivalent. In a.c. circuits there are
other phase relationships than these, so
one resolves each voltage into two compo-
nents: (1) directly for or against, 0° or
180°, and (2) quadrature, 90° or 270°.
The (2) lot are associated with no average
loss or gain of energy in the circuit, because
the borrowings by pure L and C are fully
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repaid every half-cycle. No question need
arise as to whether the e.m.f. of self-
induction in L should be classed in
Kirchhoff’s law as a negative em.f, a
positive back e.m.f., a potential drop, or
whatever. It is just a voltage, “at right
angles to” the current. Whether it is 90°
or 270° depends on how current and
voltage are identified. The most reliable
identification for voltages is by naming
the two points in the circuit between
which it exists; e.g., V,, in Fig. 1. There
is no need even to bother the printer or
typist with subscripts; ab is enough. If
there are, for example, four nodes in a
mesh, then the Kirchhoff voltage law
equation can be written down at once
without even seeing the diagram, ab+
bc+cd+da=0, and it must always be
true of any four-node mesh. The dual of a
node is a mesh, so the most reliable way
of identifying currents is in terms of the
two labelled meshes between which it flows.
But that is another story, told in
“Phasor Diagrams”.

Corrections

In “Silent switch for stereo pair comparisons”
by K. Moulana, published in the January 1975
issue, the following corrections should be made.
1. In Fig. 2, the gate terminal of the f.e.t. should
be pointing towards the source terminal, i.e.,
the one which is connected to the positive end
of Cy4.

2. In Fig. 3, the top plate of C;; should be
marked positive.

3. On page 34 the second sentence following
“Line-up procedure” should read: “Adjust R,
so that the ammeter reads 12mA.”

4. On page 35 the first sentence of the first
paragraph should read: “The switching speed
of the unit was measured in terms of a para-
meter called the ‘Fade-Time’ which is defined
as the time taken for the output leve!l of the
switch to change by 60dB.”

In the final part of the article ‘‘Weather Satel-
lites Ground Station’’ by G. R. Kennedy
(January pp. 21-26), C,yy should be 6.8y and
R 5 1s 390Q. Under the heading Display system
operation, the two unlabelled switches are S;
and S, respectively. If difficuity is experienced
obtaining the transistor 2N726 or 2N 706, types
BC157 and 2N316 (or BF248) can be used
respectively as alternatives. In the appendix,
R;;should be Rs;and Cg;should be Cyg -

OBITUARY NOTICE
John Sargrove

The death is reported of John A. Sargrove,
Ch.Eng, M.LE.E.,, M.LProd.E., M.LER.E.,
M.I.Mech.E., well known as the designer of
ECME, a fully automatic circuit-making
equipment. He was with the Tungsram Valve
Company for many years, until forming his °
own company. He received the Clerk Maxwell -
award of the IEE in 1947.
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New
Producis

\,

Graphic equalizer

A recent addition to the Klark-Teknik
range of equalizers is the 27s comprising
27 overlapping lc.r. filters arranged for
boosting or cutting each audio band by up
to 12dB. The slider controls give a calibrated
graphical display of the frequency response
of the unit. Specifications for the unit in-
clude: a noise level of better than —89dBm
and a th.d. of less than 0.01%. Klark-
Teknik Ltd. Summerfield. Kidderminster,
DY1l1 7RE.

WW317 for further details

Double gun c.r.t.

A high-sensitivity double-gun instrument
c.r.t. now in production at the M-O Valve
Co features two identical electron guns
with independent horizontal and vertical

deflection systems. enabling the user to
display two different sweep speeds simul-
taneously. The tube. type E14-110GM,
has a 14cm diagonal rectangular faceplate,
mesh post-deflection acceleration. alum-
inilum-backed screen and compensated
deflection blanking system. The display
area for each beam is 4X 10cm and the
overlap is 2cm. The final anode voltage is
8kV and the maximum deflection factors
are D,:5V/cm and D,:12V/cm. M-O Valve
Co Ltd, Brook Green Works. Hammer-
smith. London W6 7PE.

WW309 for further details

F.m. alignment generator

The Sound Technology 1000A alignment
generator has been designed to permit fast
and accurate adjustment of mono/stereo
f.m. systems. A dual-sweep facility enables
distortion and tuning characteristics of a
receiver to be displayed on an oscilloscope
by connecting the r.f. output of the 1000A
to the aerial terminals of the receiver and
feeding the audio output from the receiver
to the 1000A’s built-in filter. Other features
of the instrument are an r.f.-level piston
attenuator calibrated from 0.5 to 30.000uV
which permits a comparison of receiver
alignment against r.f, level, a total harmonic
distortion for the r.f. output of less than
0.1%. and a stereo modulator, using crystal-
controlled digital circuits. which provides a
claimed separation of better than 50dB at
1kHz. C. E. Hammond & Co Ltd. Lamb
House. Church Street. Chiswick. London
W4 2PB.

WW303 for further details

Wireless World, March 1975

Trimmer potentiometers

A new series of 3in multi-turn wirewound
trimmer potentiometers, model 47, is avail-
able in four basic versions in a resistance
range from 10Q to 20k(). Features of the
device include a multi-finger contact and a
“T” slider block design which is claimed
to be unique. The four versions available
are standard. clear housing. 0.2in pin con-
figuration and a panel mounting version.
Specifications for the potentiometerinclude:
resistance tolerance + 10%, power rating
IW at 40°C derated linearly to zero watts
at 125°C. rotational life 200 cycles
minimum with a maximum change of + 2%
in total resistance. Spectrol Reliance Ltd,
Drakes Way. Swindon, Wiltshire,

WW300 for further details

Multimeter

Electronic Brokers Ltd are now marketing
the ICE Supertest 680R multimeter. This
versatile instrument has a sensitivity of
20kQ/V with an accuracy to within 1%
d.c. and 2% a.c. of indicated reading. The
tester has 11 alternating voltage ranges
from 2 to 2500V. 13 direct voltage ranges
from 100mV to 2000V. 11 direct current
ranges from 50pA to 10A. ten alternating
current ranges from 250pA to SA. five
ohms ranges from X1 to X10.000 plus a
low-ohms scale. a detector reactance range
from 0 to 10MQ. two frequency ranges
from O to 5kHz. nine voltage output ranges
from 10 to 2000V. ten decibel ranges from
—24 to +70dB. and six capacity ranges
from O to 20.000uF.

WW303

WwW300
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The multimeter costs £18.50 complete
with case and probes from Electronic
Brokers Ltd, 49/53 Pancras Road, London
NWI.

WW3135 for further details

Function generator

The latest function generator from Inter-
state Electronics, the model F77, offers a
total frequency range from 0.0002Hz to
20MHz with an output adjustable by a
five-step, 60dB attenuator up to a maximum
of 15V into 50Q.Sweeps may belogarithmic
or linear in continuous, triggered or sweep
and hold modes. with sweep times variable
from 10ps to 1000s. The start-stop phase
of sine and triangle waveforms in the trigger
and gate modes may be adjusted between
+90° and —90° and a variable symmetry
control permits 5% to 95% time symmetry
adjustment of waveforms to IMHz, and
fixes the duty cycle. Rise and fall times of
output pulses are i5ns and pulse width are
adjustable from 30ns to 10ms. Euro
Electronic Instruments Ltd, Shirley House,
27 Camden Road, London NW1.

WW311 for further details

Portable r.f.i. meter

The Singer model NM-65T radio-frequency
interference meter can be powered from a
rechargeable battery, which provides up to
ten hours operation, or from a 240V a.c.
supply. The instrument measures field
intensity, in the 1 to 10GHz range, by
means of the direct peak and slideback

5

i
S —
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| e

peak methods. An i.f. and four simultaneous
video outputs are provided by the NM-65T.
as well as impulse bandwidths of 0.1, 0.5
and SMHz.

Specifications for the instrument are: an
average c.w. sensitivity at the 100kHz
bandwidth of 0.7uV rising to 4.9uV at the
5MHz bandwidth. Accuracy is within 2%
of the indicated value. R.E.L. Equipment
& Components Ltd, Croft House, Ban-
croft. Hitchin. Herts SG5 1BU.

WW307 for further details

Proximity switch

A barrel-mounted all-metal-sensing proxi-
mity switch, model 8-220. willdetect ferrous
metal targets at a distance of 0.10in and
non-ferrous targets at 0.05in with a repeat-
ability of + 10%. The differential travel is
from 0.001 to 0.010in with a response time
of 3ms giving a switching rate of 20k cycles
per minute. The device operates from a
20-30V d.c. supply in a temperature range
from —65°F to + 180°F and is available
in a precision version. Elliott Relays, 70
Dudden Hill Lane, London NW10 1DJ.
WW301 for further details

Mains filter

Suppression Devices Ltd have incorporated
a mains-transient filter inside an IEC line
connector which complies with all current
specifications applicable to detachable
power lines. The filter is designed to
suppress incoming mains transients and
other electrical disturbances in the supply

wWw301
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system which could affect electronic
equipment.

The device will operate from lines of
115/250V, 50 to 400Hz and is available in
current ranges of 0.5. [. 2.5 and 5A.
Suppression Devices (Burnley) Ltd, Wood-
field Works, Trafalgar Street, Burnley,
Lancs.

WW313 for further details

Spectrum analyzer -

The Nelson Ross model 236 spectrum
analyzer provides amplitude versus fre-
quency displays from 100Hz to 25MHz.
Specifications for the instrument include a
0 to 25MHz preset scan. adjustable O to
10MHz scan widths at any centre fre-
quency. Resolution bandwidths: 100Hz to
20kHz automatic and selectable. a sensi-
tivity of 1.25uV, and 60dB logarithmic,
linear and square law scales.

The instrument is also provided with
crystal controlled marker combs at 100kHz
and IMHz intervals, which enable accurate
frequency calibration. The display has a
calibrated graticule and adjustable scale
illumination. Wessex Electronics Ltd,
Stover Trading Estate, Yate, Bristol
BS17 5QP.

WW304 for further details

Amateur radio

A new range of kits for the amateur has
been introduced by Heathkit. The range
includes a s.s.b. transceiver capable of
delivering 100W. a station console which
incorporates a 24-hour digital clock, ten-

WWw313
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minute timer. r.f. wattmeter, s.w.r. bridge
and a phone patch. Other items in the range
are a station monitor which will monitor
s.s.b., c.w. and a.m. signals up to 1kW
from 80 to 86 metres, a linear amplifier
delivering up to 1200W p.e.p. s.s.b., and
an a.c. power supply which provides the
13.8V d.c. required by the transceiver.
Heathkit (Gloucester) Ltd, Gloucester
GL2 6EE.

WW312 for further details

Semiconductor test set

The Berkeley Instruments model 70 is a
semiconductor test set which provides the
capability of sophisticated systems by the
addition of plug-in units to perform test
procedures. The basic main frame contains
power supplies and a metering system for
setting bias conditions. The plug-in modules
together with component adapters can be
selected for the required tests. Test modules
which are available include the measure-
ment of beta under pulsed condition, hybrid
parameters, saturation, low leakage and
voltages. pulsed breakdown and d.c. para-
meters. Euro Electronic Instruments Ltd,
Shirley House, 27 Camden Road, London
NWI.

WW305 for further details

Standard-frequency receiver

The type 103 receiver provides a frequency
standard by phase locking a lOMHz crystal
oscillator to the Droitwich transmission.
This provides a short term stability of 1 part
in 108, in the temperature range O to 40°C,
with outputs of 1 and 10MHz at 3V square
wave. An automatic lock facility eliminates
the need for manual controls. The instru-
ment uses a ferrite rod aerial, and measures
8+ x7x34in. R.C.S., National Works,
Bath Road, Hounslow, Middx TW4 7EE.
WW306 for further details

Noise generators

Lyons Instruments are now offering a
range of solid-state noise generators manu-
factured by Elgenco Inc. The instruments
have Gaussian amplitude probability dis-
tribution covering user-specified bands.
Series 624A generators are available with
lower frequency limits of 10, 20,50 or 200Hz
and upper limits of 20, 50, 100, 200 or
500kHz with a spectral flatness specifica-
tion between the selected upper and lower
limits of +0.5. + 1,2 or 3dB.

The output is 3V r.m.s. maximum with
a five-position attenuator and variable

WW306

WW305
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amplitude vernier. The dynamic range is
3.5:1 peak to r.m.s. at full output. The
instruments, which measure 54 X 85 X 1 lin,
are priced from £227 plus v.a.t. Lyons
Instruments Ltd, Hoddesdon, Herts.
WW302 for further details

Spray-proof relays

The new flat-form relays type AZ1530
and AZ1531 from Zettler are intended for
p.c.b. use where flux and solvents may
penetrate the contacts or cause damage to
the coils. The base plates and caps of these
relays are ultrasonically welded together
to form an air-tight encapsulation. The
relays are available with coil voltages from
6 to 60V and switching capacities of 100
or 200VA. Zettler UK Division, Equitable
House, Lyon Road, Harrow, Middx
HA! 2DU.

WW308 for further details

Cartridge preamplifier

A “no—éompromise" audio preamplifier.
the JC-1. designed to operate in series
between a turntable and the standard phono
inputs of a preamplifier is available from
Mark Levinson. Specifications for the unit
include equivalent input noise — 147dBV,
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The new 7050’s look different because they are different.

They're the products the benchman has aiways wanted
but never had avaiiable at a price he was prepared to pay.
Now five 9's instruments are no longer a tuxury. The LSt
technology buiit into our high volume DMM's is available
inthe new 7050's — and they have a large, bright display
that has to be seen to be believed, instant autorange, full
mdltimeterd.c., a.c., ohms and current, and fully
automatic operation. For the bench man who needs
everything there are also instruments in the range with
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Now everybody’s happy...
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The 7040 four 9's multimeter -
Europe's biggest selling DMM - shares
the same-sized compact case as its 33
digit brother, the 4440. A portable
instrument has to be small enough to
slip into a briefcase, light enough to
carry long distances, rugged enough to
take knocks, and operate from mains
or batteries. Our DMM's do all that, and
more, automatically.

Whether you travel from Aberdeen to
Adelaide — or simply from bench to
bench in your own laboratory — we've a
true portable to meet your exact
requirement. Write for details on the
7040 (4 digit mains./batt.), 4440 (self-
contained batts.), or 4445 (true r.m.s.),
and our range of accessories. Or fill in
the magazine’s reader reply card.
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Hampshire. Tel: 52 88 80

Tel: 44433

6079 Sprendlingen,

Robert Boschstrasse 32-38
Frankfurt.

Tel: 6 3081 Sprendlingen

Schlumberger GMbH r

Enquiry No. 300

www.americanradiohistorv.com



www.americanradiohistory.com

Wireless World, March 1975 a47

N\
And build a valuable dossier on
= = =
Circards is a new and comprehensive system,

g launched by Wireless World, to provide professional
engineers and enthusiasts with valuable and
up-to-the-minute data on circuit design. Data not
available from any other single source.

Each Circard is 8" x §” and shows a specific
circuit, a description of the circuit operation;
component values and ranges ; circuit limitations ;
circuit modifications ; tested circuits;
performance data and graphs.
The double-sided format enables the Circard to
be filed in standard boxes for easy reference.
And the plastic wallet provided keeps the cards
well-protected.
Circard sets come in wallets and cost £1.50
per set. A subscription for 10 consecutive
O sets costs £13.50.
r B o Start your personal dossier on circuit design
by completing and returning the coupon below.
Subjects already covered by Circards cemeseEeeETeTEeeeem=m- -----\‘
1. Basic active filters. 2. Switching circuits, comparatorsand ~  To: General Sales Dept., IPC Business Press Ltd., Room I1 i
schmitts, I Dorset House, Stamford Street, London SE1 9L U 1
3. Waveform generators. 4. AC Measurements. |
i)nAtl:-gli;) circuits: preamplifiers, mixers, filters and tone I Please send me set no(s) @ £I.50 each [* :
6. Constant current circuits. 7. Power amplifiers, I T wish to subscribe to set no(s) @ L13.50 [J* i
8. Astables. 9. Opto-electronics. I i
10. Micropower circuits. 11. Basic logic gate circuits. ] I enclose cheque/money order for £
12. Wideband amplifiers. 13, Alarm circuits. 1 *T; : cqUes i |
14, Digital counters. 15, Pulse modulators, : Tick as required/Cheques to be made payable to IPC Business Press Ltd. i
16. Current differencing amplifiers—Signal processing. Name o ]
17. Current differencing amplifiers—Signal generation. PREEE 1
18. Current differencing amplifiers—Measurement and ! i
detection. 19. Monostable circuits. ]
Subjects planned I Address. . . . . . . L i
Two-Transistor circuits, Multipliers and Dividers, I I
Code converters, DC Amplifiers and Choppers, I
Amplitude modulation and detection, Transistor arrays. b |
Sets 18-25 will be sent to subscribers separately after I Company registered in England. Registered address, Dorset House, 0
\ publication. We shall be pleased to receive your order. | Stamford Street, SE1 gL U England. Registered Namber 677128 P
-— ek GED GEG BMR AR WD WD IS D P GIb AP WD D WD G G B G D W Wy o O
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Europe’s Largest Hi-Fi Retailers§

TMK 200 MULTIMETER KIT
Build yourself a

qu 20000 opv.

multimeter and

ssve money.

Complete kit with

meter scale.
movement and
rotary range
selector ready
mounted in
cabinet. All parts,
$. tast prods and
instructions. Ranges: 0/0.6/6/30/
120/600/1200V D.C.0/6/30/120
6001200V A.C. Current: 0/0.6/6/
60/600mA. Resistance: 0/10/
100K /1/10 Meg ohms. Decibels:
—20to 463db. Size: 90x 150 x
35mm

OUR PRICE £7.95 pap30p

U4323 MULT|METER
20.0000pv. Simple
unit with audio/1

osciltetor. SuMl
for peners receiver

0. 5/2 5/10’&7/250/
500/1000V DC.
2.5/10/15/250/500/1000V AC. 0.05,
0.5/6/50/b00mA DC. Resistance:
%10, x 100. x 1.000. x 10,000 (50().
g.ogﬂ Bh(}. wn:xdx csamra lgslo)

=y ize: 160 x 97 x

operat

OUR PRICE £7.70

P&P 30p

TMK MOOEL TWSDK
45 m miror 4

50k/V Al
DC Volts. 0 125/
0.25/1,25/2.5/5/10/
25/50/125/250
500/1 AC Volts
: 5/3/5/10/25/50/

OUR PRICE £12.50

Pap 20p

370WTR MULTIMETER

Fnlur- Amm
0/0 5/2.5/10/50/
250/500/1000V DC.
0/2.5/10/60/260/
500/1000V AC.
0/50uA/|/10/|00

OI |00mAI'I /10A
5k /50K /500K /
5 q/50

Decibsls: —20 to +62dB.

DUR PRICE £19.95

PP 30p

U4317 MULTIMETER
High sensit
instrument for field
-nd {aboratory wark
ecge

Ovsvlond plo(sc 0

0 5 ! 5/10/25/50/‘00/50/500/‘
DC.  0.5/2.5/10/25/50/100/250/
500/1000V AC. Cunom (E;OuA/ .5/

/50/250m. .26/
0 5/1/5/!0/50/250mA/|/5A AC. Res.
istance: .5/10/100/200 ohme/1/3/
30/300k ohms. Decibels: —5 to +10dB

90mm. Supplied in carrying case com-
plete with leads.

OUR PRICE £16.50 rapaop

Wireless World, March 1975

S100TR MULTIMETER
TRANSISTOR TESTER
100,000cpv. Mirror
scale, Overlosd

rotection. $/0.12/

.6/3/12/30/120/
600V DC. 0/6/30/
120/600V AC.
0/12/600uA/12/
J?OMAIB/IZA DC
0/10k

-20 lo 050.18
0.01—0.2MFD
Transistor tester measures Alphs, Beta
and 1CO. Complete with instructions,
batterles and leads.

OURPRICE £19.95  rar 250

TE16A TRANSISTORISED
SIGNAL GENERATOR
oou

m-xpo
inst.ument for

ion =
Size: 149 x 149 x 92mm Complete
with instructions and lseds.

OUR PRICE £8.97

P&P 30p

SWR METER Model SWR3
Hendy SWR mnnv tor.
transmitter o
ment, with bullt-m fi
nmnvm meter. Accurscy
5%, Impedence 52' Indic-
stor 100uA DC. Full
scale 5 section collapsible
antenna. Size 145 x 50 x
60mm.

OUR PRICE £4.25 P&P 30p

ARF 300 AF/RF SIGNAL
GENERATOR

All transistorised
compact fully
portable. AF sine-
wave 18Hz to 220
kHz. AF square
wave 18Hz 10 100k
-rol

mluov AC operation. Complete
and leads.

AUDIOTRDNIC Model ATMT
Top valus 1,000
opy pockst multi-

0/10/50/2%1 000 Tm

volt AC and
DC current D‘mAI
A. Resistence:

+22d8B. Suzo 90 x
60 x 28mm,
Complete with

test loads.
OUR PRICE £3.25 P&P 15p

U435.MULTIMETER
20,0000pv. Ranges:

76mV/2.5/10/25/
250/600/1000V

0.5/2.5A AC. Resist-
ance: 03/3/30/ 00k
ohms. Size: 205 : 110! Bdmm Sup-

MUDEL C7080EN

16" mlvror

0/0,25/1/15/‘1’87
50/250/ 1000/
0/2,5/10/50/250/
000/5000V AC.
0/60uA/1/10/
100/500mA/10A

DC. 0/2k/200k/
20 Meg. 20 to +50dB.

OUR PRICE £19.95

PB&P 35p

KAMODEN 72.200 Multitester

High sens
tester. 200, 006 0 opy
Overload prof

0/.06/.3
3/3’?/’1‘20/600/
1200V DC. 0/3
12/60/300/11200
V AC. 0/6uA/

OUR PRICE £22.50 P& 30p

CI5 PULSE OSCILLOSCOPE
For display of pulsed

and periodic wave.
forms in electronic
circuits. VERT. AMP,
Bandwidth: 10MHz.
Scnmwitv at 100kH1

VRMS/mm: 0.1

d
width: 500kH1
Sensitivity sy 100kHz
VRMS/mm: 0.3-25
Presat triggered sweep

usec. Free running 20—200
KHE in nine ranges. Calibrator pips.
220 x 360 x 430mm. 116-230V AC.

OUR PRICE £43.00 carr. paid

DUR PRICE £37.50 raPs0p

MOUE[MGIDDSWESQUARE
VEAUDIO
GENERATOR
Range 19-
220.000Hz Sine
Wave 19— 100.000 Hz Square Weve
Output Sine or Square wave 10v. P. 1o P
Sire 180 x 90 x 90mm. Opersiion

220/240v. AC
OUR PRICE £18.95

P&P 50p

pli
clips and steel urrvmg cnw

OUR PRICE £8.75 P&P 30p

AUDIOTRONIC Model ATMS
Jewel movernent,
attractively moum.d
case with
ohm: bd;uuman

: 0-3/15/150/

booklet. Size: 12\ x 73 x 29mm.

OUR PRICE £3.95

P &P 20p

MODEL C7208FM

30,000 0pv DC.
16.000 opv AC.
6/3/16/60/300/600/ |
1200V.DC. 6/30/

120/600/1200 V. AC.
OC Resistance X1,
%10. x 100

MODEL 500
30,000 opv with
overioad protect-
tion. Mirror scale.
0/0.5/2.5/10/25/
100/250/500/
000V DC.
0/2.5/10/25/100/
250/ v
AC. 0/50uA/5/50/ L
500mA. 12A - i
0/60k/6 meg/60 megohms.
OUR PRICE £13.95

Carr. paid

MODEL AF.105 VOM
50,000 opv. Mirrar
scale. Meter
protection.
0/-3/3/12/60/120/
300/600/1200V DC.
0/6/30/120/ .
300/600/1200V DC.
0/30pA/6/
60/300 mA/
12 Amp. 0/10K/
lm/'lOm/ﬂ)O

-20 to

UUR PRICE £12.50

PEP 30p.

(5002 centre scale)
DC Current 30uA/
3/30/600mA. - 2010 +63dB.

OUR PRICE £8.95 p & P30p

HIOKI 720)( VOM
A

ac
ing instrument.
20,000 opv. 0/
§/25/100/500/
1000V DC. 0/10,
30125011000

PSiA. 0 300/
2 Megohms.
OUR PRICE

£6.97
P&P 30p

U4324 MULTIMETER
High semitivity, over-
load mucud

odn 2/ T
/120/600/1200V
DC 3/6/15/60/150/

HIOKI MODEL 700X
100,0000pv. Overload
rotection, Mirror scale.
.3/0.6/1.2/1.5/3/6/

vz/ao/solxzo(/:aom

B WV DC.
1.5/3/6/12/30/60/150/
300/600/1200V AC.
15/30uA/3/6/30/60/

150/500mA/6/12A DC.
2k/ 200k /2M/20MOhms.

el to .
OUR PRICE £14.95

P&P30p

TMK MOOEL 117 FET
ELECTRONIC VOLTMETER

Battery operated.
11 Meg input, 26

149)(||7160mm.

3 300V RMS AC.
8--800V P

oC cununl 0 12—

12mA. Resistence

g Ohms. Decibels: —20 to
+51dB. Supplied compl.n with leads
and instructions.

OUR PRICE £18.50  par 20p

SINCLAIR DM2 DIGITAL
MULTIMETER

Will measure AC and DC volts. AC
and DC current, and resistanceina
total of 20 ranges. The large light
emitting diode dlsplay will read up
t0 1999 and y indicate

TE22 SINE SQUARE WAVE
AUDiO GENERATUR

AC operation. Supplied brand new
guaranteed, with instruction manual

and ieads.
OUR PRICE £24.95  pap sop

polarity. indication of polmva and
negative overioad is also provided.
Theinstrumentis fitted witha
combined carrying handle and
bench stand and sockets are
provided for the connection of an
external power supply

RANGES:

DC VOLTS: 1v,10.100v. 1000v.
AC VOLTS: 1v.10v.100v. 1000v.
DC CURRENT: 1mA. 10mA.
100mA. 1000mA.

AC CURRENT: 1mA.10mA,
100mA. 1000mA.

RESISTANCE: 1k, 10k, 100k, 1000k

OUR PRICE £59.95 P & Psop

BELCO AT201 Oecade
ATTENUATOR

Fr range 0—
ttenuator
0-11 'ldB P(l:.dﬂ &
stops. Impedence 600 ohms.
maximum 30dBm. Siz

Input
180 x

x 65mm
OUR PRICE £12.50 P&P 50p

300/500/900V AC
Current: 0.06/0.
6/60/6! A/3A DC
0.3/3/30/300mA/
3A AC. Resistence:
25/500 ochms/0.

ohms/5

MODEL AS.1000 VOM
100.000 opv.

Mirror scale.
Built-in meter

Mohms. Decibals: —10 to +12dB. Size
167 x 98 x 63mm. Suppiied comp-
lete with test leads, spare diode snd
instructions.

OUR PRICE £9.25 PP 30p

MODEL C7202EN

20.0000.p.v. DC
10.0000.p.v. AC
Mirror Scale
§/25/601250/500
1000/2500 V. DC
10/50 100/500/1000
V.AC. DC Resistance
x10, x 1000 (300
centre scale) DC
Current 50ud,
2:5mA/260mA
to +68d8B.

OUR PRICE£6.95 P& P 30p

20

U91 Clamp VOLT
AMMETER

pr 0/3/
12/60/120/300‘
600/1200V DC.
0/6/30/120/300/
600V AC. 0/10pA/
6/60/300mA/

12 Amp. 0/2K/
200K/2M /200 Meg
Ohm. - 20to +17d8.

OUR PRICE £17.50

&P 30p.

For measuring AC volt-
age and current without
breakul%cucun Ranges:
C. Cuvnm
10/25/‘ m 250/500.
Accu % . Size 283 x
94 x Jsrnm Complete
with carrying case, leads

and fuses.
OUR PRICE £13.50 rar30p

MODEL PLA36
20.0000pv DC
8000 opv AC.
Mirror scale
6/3/12/30/120/
600V DC. 3/30
120/600V DC.
50/600uA /60,
600mA.
10/100K/1 Meg/10 Meg Ohm
20to -46dB

OUR PRICE £6.97

PP 30p

U4312 MULTIMETER

KAMODEN HM7208 FE
Input impedence 10 3
01'3511/2 5/10350/
1000V DC. 0/2
207350115000 aell
0/250A/25/25/250

msu/sou/soou/s ™ [
Megohms

OUR PRICE
£21.00 P& P4op

T VOM

TMK 100K lAB TESTEﬁ
100_0000pv. 6

scale. Buzzer
short circuit check.
Sensitivi 000
opy DC.
DC Voﬂs: 0,5/2.5/

0/ 250/1
AC 3/10/50/250/
500/1000V

current 10/10&1A/
10/100/2.5/10A. an&o
'lk/‘l&/ll)()k/'lo Meg ohms.
Decibels: —1 B. Plastic case
with carrying handle. Sies: 150 % 172
x 99mm.

OUR PRICE £19.95

P&P 30p

RUSSIAN C116 Double Beam
USC|LLUSCUPE

on .navz

uiar 5” x 4" CRT.

Calibrated triggered
from 0.2usec.
milli-sec/cm.

RS

Calibrator end smpiitude Calibrator.
Supplied complete with all accesscries
and instruction manual.

OUR PRICE £87.00

Carr. paid

AC. Input- ’
Output6.7.5 or
3V DC 400 mA.

OUR PRICE £2.20 par s0p

extremely stur
instrument for
general electrical
use. 6670%»44
0/0.3/1.5/7.5/30/
60/150/300/6 00/

Sm
0/0.3/1.5/7.5/30/
50/150/300/6001

1 5/6/1 5/1 50/60/

6 00mA/

1.5/6A AC. 0/200/3k/30k ohms. DC
asccuracy 1%. AC 1.5%. Knife edge
pointer, mirror scals. Comptete with
sturdy metal carrying case, isads and
instructions

OUR PRICE £10.25  ears0p:

HIOKI 730X
30.000 opv. Over
load protection
6/30/60/300/600,
1200V DC.12/60
120/600/1200V AC
60/pA
30mA/300mA

2K/ 200K/

OUR PRICE £7.50
PEP 30p

KAMODEN 360 MULTIMETER

High sensitiv

100kohm,
AC 10kohm/V
5" mirror scale,
overioad protect-
od 3

: Ranges: 0.5/
2.5/10/50/250/
1000V DC. 5/10/
50/250/1000V
AC. Current:
0.01mA/0,5/5/50/
500mA/10A.

Resistance: 0.1/
1/10/100 ohms/
1/10/100k ohms/
|0/|00M ohmx

Decibe
+62dB. Ba
test leads stc.

OUR PRICE £17.50

rg operated. Size: 180 x
140 x 80mm. Supplied complete with,

P & P 40p

LB4 TRANSISTOR TESTER
Tests PNP or NPN
transistors. Audio
indication. Operates
on two 1.
batteries. Complate
with instructions etc.

OUR PRICE
£4.50 P&P 20p

MODEL TE15
GRID DIP METER
Tunsmonnd Opov
stes as Grid Di
Omillstor, Absorb:
tion Wave Meter and
Oscillating Detector.
Fuquoncy ra

Hz 280!
m six coils. SOOuA
meter, 9V battery

operation. Size:
|EO 0 x 40mm.

OUR PRICE £17.50

P&P 30p

PS200 Regulated POWER
SUPPLY UNIT
Solid stete. Variable
output 5-20V DC
up to 2 Amp. Inde-
pendent meters to
mom(or voll-o. and
ont. Outp:
220/240V AC
Sxxe ‘90 x 136

UUR PRICE £19.95

PRP S0P

KAMODEN TT35
TRANSISTOR TESTER

High quality
=TS

instrumant to

test reverse leak

current and DC __

currant. Amphi- 3

fication factor of
NPN, géogas,

u-n-mou i

etc. 4~ squors o

clear scale meter. -

Operates from

intarnal batteries.

instructions, leads

carrying handle.

OUR PRICE £17.50- pa Paop

Compiste with

TRANSISTORISED LCR A C
BR/8 MEASURING BRIDGE

A new portsble
bridge otfering
excellent range and
sccuracy st low
cost. Resistance:
6 ranges: 0.1
ohm-11.1 megohm * 1% induct-
ance: 6 ranges: 1 microhenry-111
henries + 2% Capacity 6 ranges:
10pf-1110 mfd = 2% Turns Ratio
6 ranges: 1:1/1000-1-11100 = 1
Bridge Voltage a11,000cps. Opera-
ted from 9-volt battery. 100 micro-
amp meter indication. Size 7§” x

5 2 BUR PRICE £27.50p8 30,

VU METER TYPE3
Size:33mm  20mm

f1.25 Pap1sp

TE-200 RF SIGNAL
GENERATDR
Accurate wide range
signe! generstor
covering 120 kHz-500
MHz on 6 bands
Directly callbrated.
Variable R.F

HIOK) 750X VOLT-OHM-
MlLLIAMETER

1. 5/3/3’1 2/30/60/‘50
300/6 00
0 3/6/15/30/60/120‘

mmmee

e

.
B ua/ |w .
1.5/3/15/30/150/300 g H
mA/6/12A. Resistence: 3

9 3/300K/3/30Manms. 2,

Dec 10 +17d8. Qutput:
0- 3/6’15/30/60“20/300V Accur-

DC, + 4% AC. Sensitivity:
50,000 opv DC 5 .00Q opv AC. 4 inch
meter. Bulll m protection. Size: 57 x
10:

ouR PRICE £11.95 PAP 40p

Model HT10084 MULTIMETER

Overload protected,
shock proof circuits
9.5uA Meter with
mirror scale. Sansmwty :
100k V. Polarity ch:nqs
switch. Ranges: 0.5/2.5/
1-/50/250/500/1,000
Volts DC. 2.5/10/50/
250/1,000 Volts AC.
DC resistence” 0- 20/
200k/2/20 Moy, ohi

DC current: — 10/250uA/Z 5/25/750
mA/10A. AC current:—0-10A.

to +62dB. Operates from 2 x 15V
batteries. Size: 180 x 134 x 78mm.

OUR PRICE £17.50

PEP 40p

U4341 Multimeter &
Transistor Tester
27 ranges. 16,7/
Overioad protect:

anges: 0.3/1.5/6/
30/60/150/300/900V
DC. 1.5/7.5/30/150/
300/750V AC;
Corront: 0.06/0 6/
6/60/600mA DC
o 3/3/30/300mA Ac.

esistance: 0,08/

O E /S RT56/881300k ohms/2 Mohms.
Battery operated. Supplied compiats
mth stoal c«lrrvinq

ize: 115 x 215 x 90m

OUR PRICE £10.50  par30p

wwwW americanradiohistorv com

audio output. Xtai socket
tor ealibration. 220/240V s.c
Brand new with instructions.

Size 140mm x 216mm x 170mm.

UNIPEX
NT 100A
The unipex at
NT100A s ,)
acempact
partable transistorised PA
amplifier. This versatite unit has a
maximum output of 10 watts
RMS and operates on any 10-16V
DC source. negative or positive
ground and uses only 1.5A atrated
output. Supplied complete with
mounting brackets etc. plus full
installation and operating
instructions

OUR PRICE £21.75 &P sop

OUR PRICE £19.95 rers0p
MOOEL TE20 RF SIGNAL
GENERATOR

Six bands. 120kHz -
OMHz. Dusl output
RF terminals. Separate
variabie audio output.
Accuracy t 2%. Audio
output to 8V. Power re
105125V, 220240V AC. Size:193
5 x 150mm. Compiete with test

jeads atc.
OUR PRICE £18.95

uirements:

P&P 50p

RANK AUDID

RA 2107 STEREQ AMPLIFIER
73 74 watts rms. Inputs for
magnetic phono. tuner. tape and
aux. Sepatate base. treble.
balance and volume controls
Headphone socket. Teak case
Unrepeatable offer

OUR PRICE £17.50 par s0p

ALL PRICES
EXCLUDE VAT
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VHF 105

This unit will give
instant reception
of the ground-to-
air. air-to-ground
waveband. Simply
place beside any
AM or FM Radio,
covering 535-1805 kHz, 88-108
MHz - no conversion or connec-
tion required. This converter is

(SEW) PANEL METERS

5T.. RBRANCHES or order by

SEW PANEL METERS ARE STOCKED AT QUR
3 LISLE 57, 311 EDGWARE RD., & 152 FLEET

post.

USED EXTENSIVELY BY INDUSTRY, GOVERNMENT DEPARTMENTS, EDUCATIONAL AUTHORITIES ETC.
Over 200 ranges in stock—other ranges to order. Quantity discounts available. Send for fully illustrated brochure.

CLEAR PLASTIG MDDEL SD640
Size: 85 x B4mm

*Items with asterisk are Moving Iron
type, all others are Moving Coil

CLEAR PLASTIC MDDEL MR 65P
Size: 86 x 78mm

self powered by one 9-volt (PP3 50uA £4.06
Type) battary and comes complete <3150 CLEAR PLASTIC MDDEL SD830 100uA €398
with a full set of instructions and £380 Size: 110 x 83mm g&uA cz:o
battery. €375 e Elhe o o 50. Ses
DUR PRICE £3.50 pap s0p €388 L} 1 €390
:::: 5( £3 80
SPECIAL OFFER! CONVERT YOUR 375 e
STEREO SYSTEM T0O 4D SOUND €375 €380
- €375 10V DC €27 €180
€37 207 DC €378 €380
€375 50V DC .. €376 £3180
£375 300V DC .. £37% £380
£375 16V AC .. £306 £3.80
= €375 300V AC .. €385 £3 80
This clever unit anables you to add €375 VU Meter £4 00 £380
éo sound to your existing system. £380
ompiete with simple connection VU o fa 60 20A £3 90
details. Use this converter glEl‘\goPLASTIC MDDEL SW100 Meter gapc [ o s
{together with 2 extra speakers) to ize s * BOmm A
achieve the fadtastic 4D quadro- €470 1 | CLEAR PLASTIC MODEL MR 4sP S 4]
phonic sound! The eftect of being £4.60 Size: 50 x 50mm £33
immersed within the music £4 40 i £380
becomes a thrilling new £4 60 B £3 80
experiance {2 year guarantee). ::3: £3 80
QURPRICES3 %0 Fap e fis BAKELITE MDDEL S80 Enlarged Wind
€440 AKEL nlarged Window
WALKIETALKIES  _ B ;gg‘\j :g - 468 Size: 80 x BOMmM
SKYFON NV7 '-'l'_"- o f440 VU Meter €500 £4 60
Super low cost % £4 66
“transmitter/ fa 30
Toraora 1MW M £DGWISE MODEL PETO o
with call buzzer and e Size: 90 x 34mm =
on/otf volume 3 SOuA . .. . (426 €430
control. 7 tranmistors. [f 100uA £4 20 £430
Telescopic rod | 200uA €415 £4 30
antenna. - £4 00 £4 30
£42¢ £4 30
OURPRICE£31.50 | €415 L. gea
per PAIR £ &P 50p | €396 VUMeter . ca80
NOTLICENSABLE ™ ™. eala0 CLEAR PLASTIC MODEL
£a 40 MR
INTHEU K. Size: 43 % t2mm SEE CLEAR PLASTIC MODEL. MR 52P
ize: 60 x 60mm
ELECTRONIC CALCULATORS | MOODEL ED107 EDUCATIDNAL METER casa
Size: 100 x 90 x 150mm including terminals e
‘- &5 A range of high quality e
= = < Jd movi-? coil instruments €345
TEA g idest for school experi- e3jss)
| ther bench e
'h ons, 3" mirror £140
{ The meter move- £340
accessible €340
e internal £340
£340
£870 £340 S Meter 1mA.. €340
£810 €340 VU Mater .. £3.90
A= €810 £340 1A AC c£380°
Wecarrya tremendous range of 1€7 80 340 SAAC * €340
both pocket and desk calcula- 1£7 80 €340 10A AC s E3e0.
tors from as hittle as £8.90 7 80 €% 20A :C SC i
Owing to the demand it is not €780 €380 304 AC
possible to include them in this £7 80 g
advertisemant, so send for our oY :;:g 1/6A DC . €980 BAKELITE MOOEL MR 65 Size: 80 x 80mm
Iatest price list of call into any oc U esao ;
branch. £410
CLEAR PLASTIC MODEL MR 85P £eo8
HIGH QUALITY Size: 120 x 110mm €408
S0uA .. .. . £6 80 £4
CONSTRUCTION to5 £370
KITS e €370
WE ARE APPOIHTED €556 57
STOCKISTS AT €550 €170
Oxford Street.[42 & £535 €70
257 Tottennam Court Road. HER €370
34 Lisle Street, 152, Fleet Straet. £5 35 £3970)
311 Edgware Road. CROYDON €635 57
BIRMINGHAM KINGSTON €5 36 £3.70
LEICESTER NORTHAMPTON €535 g3
SOUTHEND TUNBRIDGE WELLS foa eI
WOLVERHAMPTON branches. or eetas €370
by Mail Order. £6 38 £3.90
£5 55 €370
ANl kits are complets with compre- €635 3 v oan
Ak e e pre. §§'32 £340 VU Mater.. €376 4
EIC T 3 POSTAGE & PACKING 15p a5

Post and Packing 15p per kit.

AF 20 Mono amplfes
Mixer....

AF30 Mono pre-amp!
AF35 Emitter amplitie £242
AFB80 0.5W mic. amplifie £4 86

AF305 Intercom....

AT50 400W triac light
dimmaer/speed control
ATS56 2,200W triac hight
dimmer/speed control o
ATE0 1 channet light control.. £
AT65 3 channel light control .
GU330 Tremolo unit

HF325 Deiuxe FM tuner. . €26133
HF330 Decoder (HF310/325) £10 55

GP310 Stereo pre-amplifier
for use with 2 x AF310,
GP312 Circuit board,
d.

NT300 Stal b
NT310 Power Supply 240 V AC
or2x18VD.C.at2amps £5.64
NT305 Voltage converter...... £564
NT315 Power supply 240V AC
104,5/15V DC, 500mA..... £1206

Amateur Eiectronics by Josty-Kit,
the professional book for the amateur
—covers the subject from basic prin-
cipals to advanced electronic techniq-
ues. Complete with circuit board for
AE1 to AE10 listed below.

OUR PRICE £3.30 (No vaT)
P&P 25p plus VAT.

AE1 100mW output stage.
AE2 Pre-ampiifie

v £10
AE6 Monostable multi-vibrator £1.11
AE7 RC generatol £11.04
AES Bass filt
AES Treble filts
AE10 CCIR filter.

SINCLAIR Project 80 Modules
58

SINCLAIR ICI2 INTEGRATED

I ] i) F——

Stereo Headphone Amp Horowsramy 148 AMPLIFIER )~ |VOLTAGE TRANSFORMERS
Filter Unit £7.45 complets with . ke El““"'\)l uat

anptifier oper- £M Tuner €1396 printed circuit "V 230V 50/60Hz. Output .

ates from mag: 3;;;;23:52.‘:‘.1 \ g.;z mounting board. MODEL S260 BE;L(;H MOUNTING

TR A PZ6 Powar Supbly  £8.95 OUR PRICE £1.50 parisp.

amrtaet PZ8Power Supply  €8.45

i a0 outputs an | Transtormer P28 ca08 240° Wide Angle

Channet. Oparstes trom 9V battery. 1mA METERS

OUR

PRICE £8.50

We offer a speedy
and efficient

P&P 30p

SINCLAIR Project 80 Packages

2x240/Stera0 B0/P25 €25.44 | oy e
2x240/Stere0 80/p28 £27.84 | P8 F3
2x260/Stereo 80/P28 £29.84 |

TOTAL PURCHASE PRICE
| enclose cheque

I wish t0 pay by Barclaycard/Access
and my number s

. . NAME
service by mail
order. Remember ADDRESS
to add 8% VAT
to total value of
goods including
post and packing. Signature

Registered in England No 347947 at12 Lower Grosvenor Place. London SW10EX

MW?1-6 60 x 60 mm
£6.50 P & P 15p
MW1-8 80 x80mm
£6:30  pap 150

postal order

(inc. P&F and

money order

TO LASKYS CUSTOMER SERVICES DIVISION
Audiotronic House, The Hyde, London NW9 6JJ. Tel:01-200 1321

Please send me the following items

VAT)

32 Page | TICK
HERE

HI Fl et

PRICE

LIST

CIEID SN GNP SNUR SNU EmEn SNUN ESn S GNP SNUR GG men men

WW3
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CALL INTO YOUR NEAREST
LASKYS BRANCH OR

SEND COUPON BELOW
FOR NEW 32 PAGE

HI-FI PRICE LIST

481 OXFORD ST

3 LISLE ST. w(2

34 LISLE ST. wQ2

118 EDGWARE RD. W2
193 EDGWARE RD. W2
207 EDGWARE RD. W2
311 EDGWARE RD. W2
346 EDGWARE RD. W2
382 EDGWARE RD. W2
109 FLEET ST. EC4
152/3 FLEET ST. EC4

10 TOTTENHAM CT. RD.
27 TOTTENHAM CT. RD.
33 TOTTENHAM CT. RD.

42/45 TOTTENHAM CT. RD.
257/8 TOTTENHAM CT. RD.

86 SOUTH ST. ROMFORD
205/206 CHURCHILL WEST,

01-493 8641
01-437 8204
014379155
01.723 9789
01-7123 6211
01-723 3271
01262 0387
01-723 4453
01.7234194
01353 5812
01-353 2833
01-637 2232
01-636 371§

VICTORIA CIRCUS, SOUTHEND

0702 612241

GLOUCESTERSHIRE

16/20, PEMN ST. BRISTOL 0272-20421

KENT

53/57 CAMDEN RD., TUNBRIDGE WELLS

0892-23242

LEICESTERSHIRE

45 MARKET PLACE, LEICESTER

0533.537678

NORTHAMPTONSHIR

73 ABINGTON STREET,
NORTHAMPTON

0604-35753

30 WULFRUM WAY, WOLVERHAMPTON

0902-23384

SURREY

1046 WHITGIFT CENTRE, CROYDON
ol

-681 3027

38/40 EDEN ST., KINGSTON  01-546 1271

32 HILL ST. RICHMOND

01-948 1441

116 CORPORATION $T., BIRMINGHAM

(iR
SER
vl ar

ISTOMER
ICES DINISION a1 beadd olfice
§ERUEinS -

021-236 3503

st ring 01-200 1321

=

Phina

to

BARCLAYCARD
ACCESS

ordsr

D0 DOIT

call infa sny branch

NO DEPOSIT TERMS
available on most goods

for personal callers

CHEQUES TO THE VALUE OF £30.
ACCEPTEO FROM PERSONAL SHOPPERS
WITH BANKERS CARD. IN OTHER CASES
AND FOR AMOUNTS IN EXCESS OF £30.
PLEASE ALLOW TIME FOR CLEARANCE.
BANKERS DRAFTS ACCEPTED.

Al prices correct ot 13/1/75 but
subject to change without notice E.&0.E,

A member of the

Audiotronic Group of Companies

ALL PRICES
EXCLUDE VAT
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TRANSFORNMERS

2” AND 4"
CASED TRANSFORMERS 30 VOLTS BRIDGE RECTIFIERS NEW!! faneL MeTeRs
B 1o oo vt v et PRIMARY 200/240V. '
oiaion lypes. ate et with S-pin Ouet Sockets, ond SECONDARY 12, 15, 20, 24, ONEAME Price 2" 4"
" IVIAlleP! v 110 vol or 240 volt outu' (Plesse Jov. 3 133 ;1‘\‘ gg
state) Auto types are fitted with 2-pin flat style sockeis i V. : .
up to 500 "K 3-pin sockets m.: 750 u:vaunu VA. MBS zzf' Prfl‘ce o;t 200PLV. 028 Esllrﬁm G'I‘]imhm .\w‘d'w,,‘),(n glzz,fm I:‘I}r:m Wnde” X
See Auto and Isolation Secticns for prices. Plugs extra 0.5 12 172 022 00 PV, 0-30 Deep 9 Deep ig! X mm
SAFETY ISOLATING ; 7; g% g-gg FOURTENE Movement unm Movement IR
" x R ms Ohns
Prim. 120/240V. Sec. 120/240V. Centre Tap with screen 3 20 410 0-42 100 PIV. 055 0-5D micro A 1250 0-50 micro A, 1400
PRICE 1 21 468 052 200 P 1V, 058 0-100 micro A. 580 0-100 micro A 730
VA REF. PRICE Plugs PRICE 5 5 580 052 400 PIV. 065 0-500 micro A. 170 0-500 micr A 200
(WATTS} No. Cazed 2 P|n+£1 Earth D;::en P%s( 6 17 650 0-52 BDO PLV. 075 0-1mA 170 0-1 mA 200
8 88 850  0-67 0-5mA 170 5 mA
60 149 735 080 400 038 10 89 B-47 0-67 TWO AMP 0-10 mA 6 &10 mA 202
100 150 822 080 460 052 50PLY. 035 0-50 mA 05 0-50 mA 05
200 151 10:20 080 10 052 | 5o VOLTS 100P1Y. ¢-40 0-100 mA 05 0-100 mA 05
250 152 1168 080 888 065 200PIV. 045 0-500 mA 05 0-500 mA 05
350 183 1410 0-80 1080 080 PRIMARY 200/240V. 400 PV, 050 0-1 AMP 05 0-1 AMP 05
500 154 1568 080 1238 100 | SECONDARY 19,2533 40, 50v. 0-2 AMP 05 0-2 AMP 05
750 155 2463 100 1872 120 | AMPS Ret. Price Post SIX AMP 0-25 Vot 15K 0-25 Volt 15K
1006 156 3219 100 2650 120 |08 102 233 030 50PIV. 065 0-50 Vot 50K 0-50 Volt 50K
1500 157 3818 100 3038 0A 1 103 300 038 100 PIV. 070 0-300 Voit 300K 0-300 Valt 300K
2000 158 4520 240 3468 DA 2 104 48 042 200 P LY. 008 “g” Meter 170 “g” Meter 200
3000 159 66:50 240 5335 DA i }32 :gg gg; 400 PIV, 090 Meter 5250 VU Meter 5250
MINI & 107 117 087 VU Meters are complete with deteciors Modemn wide view.
ATURE & EQUIPMENT A i e Price 2" £3-15 Post 10p. Price 4” £3-95 Past 10p. Lamps 55p
Primary 240V with Screen 10 19 1547 POWER UNIT T set.
VOLTS MILLIAMPS TYPE PRICE  Post 087 el
Sec.1 Sec.2 Sec.1 Sec.2 No £ TYPE
g-tsm oo 200 0 238 1-23 010 CC12-05
- 500 5 234 130 010 = 5
06 0-6 1000 1000 212 15 o022 | 60 VOLTS €1000 MULTI-METER
9-0-9 . 100 — 13 123 0-10 | PRIMARY 200/240V. Compact  General  Purpose  Mini  Multimeter
0-9 0-9 330 330 235 143 010 | SEBUNDARV 24,30, 48,60V Input Resistance 1000 ohms per voit.
0-8-9 0-8-9 500 500 207 175 022 MPS Ret. Price Post Ranges: ACVoits  0-15 50 250 1000 Voits
0-8-9 0-8-9 1000 1000 208 230 030 | 0’5 124 208 0-38 DCVolts 0-10 50 250 1000 Voits
15:0.15 — 0 — 240 123 o010 | ! 126 296 038 DCCument 0-1mA  0-100 mA
0-15 0-15 200 200 236 130 0-10 2 127 463 042 Resistance 0-150K ohms
20-0-20 — 30 241 123 010 | 3 125 684 052 Size 60 X 24 X 90 mm
0-20 0-20 150 150 237 130 010 4 123 794 067 Camplete with: Battenes. Test Prods. instructions
0-15-20 0-15-20 500 500 205 247 038 | 5 40 886 0-67 Special price £3.25 Post 20p.
0-20 0-20 300 300 214 172 o922 | B 120 1016 082 Output switched 3. 45, 6. 75, 9 and 12
0-20 - 3500 No Screen 1116 300 0-40 "3] :;12 :glﬁg :go Volts at 500 mA nl:RaOpe.axes from 240 V — — —
20-12-0- — 700 - 221 23t 030 J ‘00 mains, suitable for Radios. Tape Recorders.
12-20 (D.C.) 12 189 1600 110 | hetord Players sic. Size 75 X 60 X 2-WATT CARBON FiLM RES|ST°R5
0-15-20 0-15-20 1000 1000 206 322 038 | 140 cm. Pace £3-95. Post 25p also avanabla } watt at 70°C E 12 range 100-1MQ. 5% tot.
0-15-27 0-15-27 500 500 203 273 038 above 470KQ 10% tol. at 95p per 100
0-15-27 0-15-27 1000 1000 204 362 038 |
12 and 24 VOLTS PRIMARY 200240 Volts. AUTO TRANSFORMERS
TYPE c PRICE PLEASE ADD 8% FOR VAT
24V No. £ VA Ref PRICE Plugs PRICE
015 242 |-34 022 (Watts) No. Cased 2 & 3 pin Open Post
025 11 1-38 0-22 ‘ £ £ € £
05 213 1-58 022 | Tapped at 115, 220. 240 Volts
1 kil 209 022 20 113 3.00 015 1.55 030
2 18 2.58 038 | Tapped at 115, 200, 229, 240 vorts - - a (Dept. WW3)
i @ % S| 20 65 g% o1s 3% oa0
4 108 420 052 o - - q
5 7 480 0-52 ’ 300 66 Y 018 s28 052 Byre House, Simmonds Road
[ 116 501 0-52 500 67 -99 2 -
g 17 622 o082 | 750 83 1256 075 9.76 0-82 Canterbury, Kent CT1 3RW
10 115 947 069 1000 84 1570 075 12:40 0-82
n 35 1% | e S -+ S 41 e 120 Tel: Canterbury (0227) 52436
20 232 1326 1-00 7 b g : : n
30 2;6 15-30 140 | 3000 73 4358 1.90 32.00 1-90 C Bl

LINEAR INTEGRATED CIRCUITS
LAET_SllIJSsI;iNSIDN MULTIMETERS POWER TRANSISTORS | 3o cletn s
ade In U4312—low sensitivity d 215 .8 Muliard TAA263. Direct coupled three stage low level
! | S
high accuracy AC/DC Multi- 0Cc23 0.60 ASZ16 0.80 amplifier for use from OC to 600 kc/s. Supply voltage

6-8v. Typical power gain 77 db. into 150Q load.
meter. 39 ranges Covering 0c24 0.60 ASZ17 0.80 Uutput power 10mW. T072 four-lead encapsula-

0C25 0.50 ASZ18 0.80 £0.65*

g‘r?éoic/vglés CUD tto QOOtV 0C26 0.40 BD115 0.80 Mullard TAA293. Medium frequency amplifier with
~ Ccurrent up 1o 0Cc28 0.70 BD116 0.65 frequency response of 600 ke/s. Nominal supply

6 amps. Mirror scale. Accu- ) ° voltage 6v. Typical power gain 89 db. Maximum power
racy 1%DC, 1.5%AC. 0c29 0.60 BD121 0.65 dissipation 160 mW. Power output 10 mW. into

0C35 0.50 BD123 0.80 150Q) load. T074 ten-lead encapsuliation £0.65*

Price £1 0.75 0C36 0.65 BD124 0.60 Mullard fTI\AIIZII Metal oxide silicon low frequency
b e - ) pre-amplifier consisting of a MOST stage followed by a
U4313 high sensitivity AD149 0.45 BD131 0.40 bi-polar transistor. Gate to source voltage 9-14v.

high accuracy AC/DC multi- AD161 0.38 BD132 0.50 Total power dissipation 200 mW. Orain current
meter. 39 ranges covering AD162 0.38 BD133 0.55 1 pA. Output conductance 0.65 mmho. T018 3-lead
AC/DC volts up to 600Vand | ADZ11 1.26 BD135 0.30 | cncapsulation 004
QC/DC amps up Lo 1.5A. ADZ12 1.25 BD136 0.32 L.E.D. TYPE HP5082/4850
irror scale. ccuracy Red Light GASP Light Emitting Diodes giving bright
1.5%AC,2.5%DC. Ac CLAMP VD I_T— dif;us[t]ag light of []f.szr[r]lcd Zt f;rward vulgage of 1.6V
an current o mA. Plastic wid le |
Price £13.80 AMMETER 0.200” diameter. Ideal for panel lights. etc. " e s
U4315—high sensitivity medium accuracy AC/DC TYPE U91 Price for 12 pieces £1.76 incl VAT and p3p.
multimeter. 43 ranges covering AC/DC volts up Made in USSR 1-AMP SILICON RECTIFIERS
to 1000V and AC/DC current up to 2.5A. Accuracy 20 pieces  1N4001 50 piiv. £1.12
o R i z
2.5%DC, 4%AC. Price £10.00 Measurement ranges: s m:ggg ;gg pLv- ::;g
Note: The above instruments, although extremely resistant 10-25-100-250- i P )
to overload, do not incorporate any protection. # 1N4004 400 piv. f1e
: b 500A 300-600V . IN4005 600 piv. £1.55
eSS . & U4317—high sensitivity Accuracy: 4% ) :mggg ?Uﬂpw' f185
000 p.iv. £2.10
i ——“—-1‘-——"—"— high accuracy AC/DC multi- . This is a special offer and minimum quantity of 20 pes
Pt meter. 42 ranges covering S Price £14.00 must be ordered. These prices are inclusive of P.P.
Z & AC/DC volts up to 1000V OUR NEW CATALOGUE COVERING and VAT.
R and AC/DC current up to VALVES. SEMICONDUCTORS, TEST Prices do not include VAT and carriage except where indicated.
5 amps‘. Mirror scale. Accu- EQUIPMENT AS PASSIVE COMPO- When remitting cash with order please add £0.50 per muiti-
racy 1.5%DC, 2.5%DC. Meter incorporates transis- NENTS IS NOW READY. PLEASE meter and £0.15 per £ for other items. subject to a minimum
torized cut-out protective relayA Price £1 7 00 SEND £0.20 FOR YOUR C.OPY :::e:;'zel;fa‘ml& VAT at prevailing rate should then be added

MINIMUM ACCOUNT ORDER CHARGE £10.00 PLUS VAT. OTHERWISE CASH WITH ORDER PLEASE

Z & 1 AERO SERVICES LTD

Tel. 727 5641 44A WESTBOURNE GROVE, LONDON W2 5JF Telex 261306

WW—156 FOR FURTHER DETAILS

wwWwW americanradiohistorvy com
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Bargains in Semi-Conductors,components, modules & equipment.

Today s big value in transistors ! @ Made and sold direct by Bi-Pre-Pak

offers ALL AT 50p EACH
Today's most challenging values|

* Tested and Guaranteed

B79 4 IN40O7 Sil. Rec. diodes, 1,000 PIV
1 amp plastic

Reed Switches, 1” long, 3" dia. High Speed
P.O. type

H35 1 00 Mixed Diodes, Germ, Gold bonded, etc.

AMPLIFIER MODULES

Marked and Unmarked. SS100 Active tone control unit to provide Bass and Treble facilities (stereo). £1.60
H38 30 Short lead Transistors, NPN Silicon SS101 Pre-amp for stereo ceramic cartridges. radio and tape. £1.60
Planar types
H39 6 Integrated Circuits, 4 Gates BMC 962, $S102 Pre-amp for low-output stereo magnetic cartridges. radio and tape. £2.25
2 Flip Flops BMC 945 SS1 Compact |.C. amp. 3 watts R.M.S. Single channel £1.75
Ha1 2 sil Pg""}” transistors comp pair 03 (mono). On-P.C.B. size 3" X 2". Needs 6-22V supply. o
BD131/132
v SSt 03-3 Stereo version of above. iTwo 1.Cs.) £3.25
H63 4 2N3055 type NPN Sil. power transistors.
Below spec. devices $S105 é_cor;;)act a%lipuraos;a ?%wer amp. (Can bti rlén frﬁm 12\{ car battery. £1.95
ize 24" X 13". Useful 5w output {mono). Excellent value. 5
H64 4 3819 N Channel FETs 2N3819 in plastic * P
case Similar in size to S$105 but will give 10w output
§$8110 (mono). Two in stereo give first-class results, suitable
% * unmarked untested for many domestic applications. £24n
Beautifully designed. Will give up to 40w R.M.S. into
PAC Ks ALLAT 50p EACH 88140 20. excellent S.N.R. and transient response.. Fine for P.A_, 3.60
disco use, etc. Operates from 45V DC. Two in bridge £3.6
B1 G um T istors PNP. AF and formation will give 80w R.M.S. into 8Q.
ermanium Transistors . AF an
50 & FM Tuners
X - : Front End Assembly. Ganged tuning with well engineered
B66 1 50 Germanium Diodes Min. glass §S201 siow-motion geared drive in robust housing. A.F.C. £6.25
type facility. Requires 6—16V. Excellent sensitivity. 88—108mHz. & .
B83 Transistors, manufacturers rejects, AF, RF, |.F. Stage (with |.C.). Designed to.use with S5201 uses €
200 Sil. and Germs. §8202 ic. Carefully checked before despatch. £5.25
B84 Silicon Diodes DO-7 glass equiv. to Stereo Decoder. Designed essentially for use with $S201 N
1 OO 0A200. 0A202 a 88203 and $5202. this excellent decoder can also make a stereo o
- - tuner of almost any single channel FM tuner. Supplied ,),‘:*
B86 1 m |S|\Ijlé?é0des sub. min. IN914 and ready aligned. A L.E.M. can easily be fitted. £5.62
types ) .
POWER SUPPLY STABILISER. Add this to your unstabilised
H34 1 5 Power Transistors, PNP, Germ. NPN $S300 supply to obtain a steady working voltage from 16 to 60V >
Siticon TO-3 Can. for your audio system. Money saving and very reliable. &:i(y £5.62
H67 10 3819N Channel FETs plastic case ® ALL MODULEIS TESTED & GUARANTEES ONS
type @ FULLY DETAILED & WELL PRINTED INSTRUCTION
T L, S e T W SR S S R .
Bi-Pre-Pak X-Hatch Generator Mk. 2 ® P:'fltage—-Add 15p for packing & postage (UK)+ 8% VAT to total
= - - . \' e.
Four-p1attern selector switch N .
L P A "
= R 03 Plastic Power Transistors
| P .
L g- and tested £3.93 | 40 waTT sILIcON 90 WATT siLICON
FeT @

In kit form £7_93 Type No. Gain ~ VCE Polarity Price Type No. Gain  VCE Polarity Price

Is invaluable to industrial and home user alike. Improved 40N115 15 NPN 20p S0N115 15 NPN 25p
circuitry assures reliability and still better accuracy. Very 40N2 40 40 NPN 30p 90N2 40 40 NPN 35p
compact: self-contained. Robustly built. Widely used by TV 40P1 15 156 PNP 20p 90P1 15 15 PNP 25p
rental and other engineers. With reinforced fibreglass case, 40P2 40 40 PNP 30p 90P2 40 40 PNP 35p

instructions, but tess batteries. (Three U2 type required.)

There's more in our latest catalogue: More bargains—better price-values. Send large SAE (6p stamp please)

SUNDRY for your free copy. COMPONENTS, EQUIPMENT, AND OF COURSE, SEMI-CONDUCTORS.
MAINS TRANSFORMERS TERMS OF BUSINESS VAT Add 8% to total value of order including postage and packing charges. No VAT on
A. 18V 1 amp (suitable for SS.103) £1.50 overseas orders. POST & PACKING Add 15p for UK orders. Minimum mail order acceptable—50p. Overseas orders,
B. 25V 2 amp (suitable for SS.110) £2.00 add £1. Any difference will be credited or charged PRICES Subject to alteration without notice.
C. 30v2 amp (suitable for SS.140) £3.25 AVAILABILITY Al items available at time of going to press when every effort is made to ensure
BRIDGE RECTIFIERS ' : correctness of information.
Lyl/%elﬁst15v/1A27p.B&C100V/2A 38p r------------q
RELAYS
230/240V AC. 3-pole change-over. Heavy duty contacts  60p s 10 BI-PRE-PAK, 222-224 WEST RD, .
Ex-GPO Telephone Handsets, each 55p ﬁ WESTCLIFF-ON-SEA, ESSEX
= i Pleasesend ... ........... ... ... ... .. ..o .
B'-anIMK ' l n forwhichlenclose ............ .. .................. inc. VAT I
INANMES ey rr s hn v | n kb 1w ] A bk o o 1 a0 ey oy e

: Co Rea No 820919 L
222" 224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX SSO 9DF. g RIS o . Ll bl Ul L1 i
TELEPHONE: SOUTHEND (0702) 46344. e

Sichaeeaaddniean) alicaat s
L L f f. . 3§ ¥ R~ B B |

www americanradiohistorv com
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AMPLIFIER KITS OF & szenctven

equalized and two

specially designed Toroidal transformer.

DESIGNER-APPROVED KIT

In Hi-Fi News there was published by Mr Linsley-Hood a '
series of four articles (November 1972—February 1973)
and a subsequent follow-up article {April 1974) on a
design for an amplifier of exceptional performance which
has as its principal feature an ability to supply from a
direct coupled fully protected output stage, power in
excess of 75 watts whilst maintaining distortion at less
than 0.01% even at very low power levels. The power
amplifier is complemented by a pre-amplifier based on a
discrete component operational amplifier referred to as the
Liniac which is employed in the two most critical points
of the system. namely the equalization stage and tone
control stage. positions where most conventional designs
run out of gain at the extremes of the frequency spectrum.
Unusual features of the design are the variable transition
frequencies of the tone controls and the variable slope
of the scratch filter. There is a choice of four inputs, two
linear, each having independently
adjustable signal level. The attractive slimline unit pictured
has been made practical by highly compact PCBs and a

in handbook
(pack 15—price 30p)

Full circuit description

Hi-Fi News Linsley-Hood— 75 W Amplifier

Mk 11l Version (modifications as per Hi-Fi News April 1974)

F R E E TEAK CASE WITH FULL KITS
KIT PRICE only £62|40 post free (U.K.)

Pack Price
1  Fibreglass printed-circuit board 11 Fibreglass printed-circuit board
for power amp. £0.85 for power supply £0.65 V A T P o/ %
2 Set of resistors, capacitors. pre-sets 12  Set of resistors, capacitors.
for power amp. £1.70 secondary fuses.’ semicon- et Iease add 8 A)
3 Set of semiconductors for power ductors for power supply £3.50
amp. {now using BDY56, A 13  Setofmisceltaneous parts to a“ U . K . Orders
B8D529, BD530) £6. including DIN skts. mains *or at current rate if chan
4  Pair of 2 drilled, finned heat sinks £0.80 input skt, fuse holder. inter- ( ¢ te if changed]
5 Fibreglass printed-circuit board connecting cabie, control
for pre-amp. £1.30 knobs £4.25
' & Set of low noise resistors, capacitors. 14  Set of metalwork parts including . o
pre-sets for pre-amp. £2.70 silk screen printed fascia for further information
7 Set of low noise, high gain semicon- B panel and all-brackets. fixing
ductors for pre-amp. Kt parts, etc. £6.30 ¥ ;
8 Set of potentiometers (including 15  Handbook £0.30 p/ease write for FREE LIST
mains switch) £2.05 16 Teak cabinet £7.35
9  Set of 4 push-button switches. 2 each of packs 1-7 inclusive
rotary mode switch £3.70 are required for complete
10 Toroidal transformer complete stereo system
with magnetic screen/housing primary: Total cost of individually .
0-117-234 v, secondaries: purchased packs £69.75
33-0-33 V. 25-0-25 V. £9.15
SEE FOLLOWING PAGE
TRANSISTORS  |0e, 2 gl aee e B0y 0ol S B il Xesae 52| DIODES
; 7 ; ; ; :
Type Price(£)|Type Price(£)|BD123  098|BF33  035|Clo6F  043(7TX500 017|2Ns819 035 Type Price (£) THYRISTORS, TRIACS AND TRIACS
ACi0r 0-3|BC119  0-20/BD12¢  0-80(8F337  O-35[CIT1E  0-56|ZTXS502 017|2N3820 O49fAA1I3 015
Al b ABel  032|eDfaoy 142|BFiss  0-60[CRS1/a0 0-45\ZTXS04 0-42(2N3823  145|AA119 009 WITH TRIGGER
‘AC126  025|BC1258 0.25|BD131  045(BFa59  0-83|CRS3/40 055/7TX602 024)2N386s  1-70)AA120 0-20
AC127  025|8C126  0-20) BD}% :-fg 8:596 :-;lg 0%1 :-;g 2N525 :-gg 2Nagu :-fg AA1Z43 :-132 IFVRM:  50v 100v 200V 400V 600V
AC128  0-25|BCt 0-15|BD 19| BF597 1511 *55|2N696 -2312N3! 16]AAZI3  0:30]3A —f—f— — - —_ —
Al R R | e il e e e
AC141K  0-27|BC135  0-19|BD137  0-48IBFR61 0-30|ME6001  0-16|2N706 0-12)2N3906 0-15|BA102 025 6A 29/—/— 33/44/46 42/56/58 | 68/80/84 80/100/105
AC142K 0-19|8C136  0.20(BD138  0-50\8FT43  0'55|ME6002 0-17|2N706A 0-15(2N4032  0-31|BA110U 030 /80 /100/
aCisi  024|BG137  020/BD139  0'55[BFwi1o  0-55|MEsco1  0-18|2N708  0-35(2N4036  0-52}BA115 0-12] 8A 32/—/— 38/50/52 47/64/61 | 75/92/97 90/114/120
AC152  0-25|BC138 0-20|8D140  0'62|gFW11  0-55|MJE340 0'68|2N744 0-30|2N4046  0-35| BA141 017 10A 36/—/— 42/60/63 51/74/78 | 84/104/109 IM/IZB{I}
AC153K 028|BCt4a2  0-30(BD144  219|BFW16A 1-70|MJE341  0-72|2N914 0-19|2N4058 0-17|BA145  0-17{16A —f—f— —/82/90 —/88/95 | —/132/140 | —/175/185
AC134  020|gC143  035(BD145  0-75|gFw30 1-38[MJE370  0-85[oN916  0-2012N4123  0-13|BA148 0-17
AC176  025|8C1478 0.13|BD163  067[gFwWS50 0-19|MJE520 0-85[oN918  0-42|oN4124  O-15|RA154 013 . ) — L X
AGi87 025/BC148  02|BD183  0-56]gFwe0  0-20|MJES21  0-95/2Ng30 0-35(2n4126  0-20| gAa155  0-16] Notes: All prices are in pence per unit. First price in each group is
AC187K 0-25|BC149  0-14 ggg% ::’l-;' B:)\gso gg Mjggggg ;_212 2”}2% :;: 2N42§g ;?g B::ig :';g thyristor, second is triac, third is triac with trigger. Encapsulation
AC188 025|BC152 025 "19IBFX16 -23|1M -141) “2112N42: 1218 231 depends on current rating and i b i i
Al 024|oCiss  020[8D520  O076[aFxpg  0-30|MM721  0T0laN1306  0-31)oN4284  0-19lBAXI3 00 with each evice Quantisy en devies :v"e"lﬁon?:g“"““ dataBupplicd
ACI93K 030|BC1ss  020[BDX18 145|gFx30  0-35(PF102 0-40|aN1307  0-22|oN4285  0-19|BAXIG 007 . 4 o
AC194K 0-32|BC157  015|BDX32  2S51gFX84  0-25|MPSAQ5 0-47]oN1308 0 26(pN4288  0-131BB104 0-52
A SmECh Smenee b SHueid DM iaan thlaee on
ACY39 0-68/gCi59 015 : X86 28|m -2119N1 -3419N42: 14| B8 ; .
Ay Oso|BCie1  oes|BDY20 09(aFxg;  028|MPSUGs 0-8BloN1711  0dSloNe2e1  0-18[aR10) 050 INTEGRATED THIS MONTH'S SPECIAL OFFERS:
‘AD142  0-52|BC167B 0-15(BF115  020|gFxas  0-24)4PSU6 0-76(3N1890  0-45/oN4202  0-20{BY100 0-15
AD143 051|aCi6sB 013[8F117  045|gFYis  0-53|MPSUSS 126|5N1g93  0-48|oNas71  0-24|BY103  0-22 CIRCUITS 100+ 1000+
AD140  0-50|8C169C 0-13|BF120  0'55|gFysp  0-40[vPSUS6 126|oN2102  0-3VioN4o02  1-30gYi26 016 IN4001 2.8 2.3
AD161  0-48|BC170  0-15/BF121 0-25|gFys1  0-43|pC26 0-38(oN2217  0-36|oNso42  1-05|BY127 017 i i IN4002 2.9 2.4
AD162 0-48|BC171  0-15|BF128 0-28|grysp  0-25/0C28 065|oN2218  0-60|oNsge0  032| BY133  0:23] Type Price (£) = Type Price (£) IN4003 32 27
AF114  025|BC172  ©0'14|BF125 0-25|gFys1  0-23|0C35 0-50[oN2219  0°50|aNS061  0-35|gY140  1-40] CA3045 140 | TAAG30Q 418 5 o
AF11s  025laci73  020(BF127  030|gFYs2  0-23|0C36  0-55[;N2221A 0-41)oNss4  0-45|gyied  0'S5| CA3045 070 | TAAGI0S IN4004 3.8 33
AF116  0-25|BCi7s  022|BF158  0-25\BFYs7  0-32/0C42  0'55|aN2202A 0-30|oNsos7  0-32|gY176  1:76] CA3065 190 41 IN4005 4.4 37
AF117  0-20|BC177 0-20|BF159 0-27|gFyes  0-42|0C44 0:15{oN2369A 0-42|aNs294  0-35|BY179 070 MC1307P 1-90 | TAAT00 4-18 IN4006 4.8 4.2
AFNe  050|acis  o22|sFieo  022[gry7a  031|0C4s  0-95[oN2a01  060|aNS206  0-37)mygos  0°31) MCI310P 294 | TAAR0 2:02 | 1N4007 6.0 5.0
AF121  0-32|gC1788 0-22[BF161  045|BFyee  0-70(0C70 0-15[aN2484  0-49[oNs208  0-38|BYX10  0-15] MC1327PQ TAA861A All prices in pence and per unit
AF124 025(8C179  0-20[BF162  0-45|g  Y1SA 0-7%|oCT! 015|oN2570  0-18[5N5322  0-85{0A47 0-07 1-01 049 P 0
AFi25  0-20/gC179B 021[BF163  0-45|8PX25s  1:90j0C72 0-15|9N2646  0'53|oNs5449 1901 0AB1 012{ MC1330P 0-76 | TAD100 2-
AF126  0-20|BCis2L 0-11[BF167 0-25|gpx29  1:70|0C73 0-51|9N2712  012I9NsS457  0-30| QAS0 0-08] MC1351P 0-75 | TBA120S 0-99 .
AF127  020|aCis3 o11|BF173  0-25|BPX52  1-99|0C75  0255N2004  0-22|5N5458 0351 0A91 007} MC1352P 072 TBA240A PLEASE ADD 8% FOR V.A.T.
AF139  0-35|gC183K 0-12|BF177  0-30|gRC4443 0-68/0C81 0-53[5N2904A 0-26loN5494  1-85]0A95 007 MC1358PQ = : P. & P.: U.K. £0-08 PER ORDER
AF147  035|8CissL O11|8F178  0-33igRY3s  0-47l0C81D  O'STaN2905 ~ O-72|oNSe96  2:05]0A200 010 . BA40Q 00| OVERSEAS AR MAIL: AT COST
AF149  0-45gCiseL 0-13|BF179  0:33|gR101 0-47|0C139  0-76|3N2005A 0-T3loNG027  0-65]0A202  0-10] MC1496L 0-87 TBAS00 199 Al ice dvertised e K
AFi78  0-55|gCi6  0-25|BF180  0-35|gswee 0-38{0C140  0-80I5N2g26G 0-131oN6178  0-71{OA210 029 MC3051P 0-58 | TRASH z_go items advertise BRI 88 Gl
AFIT8 O eoIBS1®  927(Bria1  033|asxie  e33{0C170  025(oNoes6Y 0-42|sngis0  0-78|rNovs  0-07| mFCeooome-a | TBASNQ 290 | magazine copy date. All prices subject
AF180  0'55/BC:! 0-12|BF182 044|gsx20 0-19]0C171  0-30|3N29260 01225Ce43A 1-36](NO16 0110 MFC4060A TBAS20Q 334 to avaiiability. Our new catalogue is
AF181  0-50|gC212L 012|BF183  0-44|gsX76  0-15(0CP71  0-43/5N3019  075/9SC1172Y 2:80iN4001  0-05 070 | 1Eac3 2.7¢ now available at 30p (refundable).
AF186  0-40|gC213L  0'12iBF184 0-26|gsxg2  0-52|oN18s  2:1912N3053  0-21|3N140 1-211IN4002 006} MFC6040 091 | 1R'A=300 2.7¢
AF239  0-40|gC2otaL 0-15|BF185 0-26gsY19  0-52|ON236A 0-65|oN3054  0-55(40250 0-60|iN4003 007} PA263 1-90 BAS40 . 321
AF279  084|5C233  0-10|BFis4  0-15|BSY41  0-22/0RP12  055/oN3035 060140327  067IN4004  0-08) SL1AA 191 | T5A5400 320
AL100  1-10|gC261A 0-28]BF195 015|gsYss  0'50|R2008B  2-05(pN3133  0-54|40361 0-48|iN4005  0:09) SLOOTB 384 | TEAS500 4-10
AL102  110|BC262A 0-18|BF196 0-15|gsYs6  0-801R2010B  2:1015N3134  0-69(40362 0-50]iN4006 011 S 512 | TR'A360C 2-71
AL103  1-10|gCos3B  0-25|BF197  0-17[gSyes  0-15/TAG3/4001-54[5N3232  1-32040420  0-800ir4007  0-14] SN76003N 292 | TRA560CQ
AL113  095gC267  0-16|BF198  020(gSy78  0-40[TIC44  0-24[5N3235  1-90140439 ~ 2:67]IN4148  0:05| SN7G0I3N 1-95 10
AU103  2-10|BC268C 014|BF199  0251SYe1  028[TiC4s  0-44oN3254  0-28|AC128/ IN4448  0-10] SN76013ND TBAS70 117
AUT10  1-90|aCze4  0-37|BF200  0-35(BT101/3001 05|TIC47  058|N3323  0°48|AC176  052|iN5400 015 TBAG4! 076
‘AUtia  240|C3po  0-60|BF218  0-35[5T101/500 115/ TIC20A 0-49oN3391A 0-23| AC141K/ IN5401  0-17] SN76023ND TBAGI3 228
BC107  012(BC301  0-35|BF222  1-08(BT102/3001-02|TIP30A 0585N3702  013|ACH42K 0-56|INS402 020 TBAT0D 259
BG107A 0-13|gC303  0-60{BF2249 0-15/gT102/500 1-12|TIP31A  0-85|2N3703  0-15|AC187/ IN5403  0-22] SN76023N1-95 | TBA720Q 2-45
BC107B  0-14|BC3078 0-12|BF240  0-20(gT106  124|TIP32A 06712N3704 015\ 5c1g3  0-60)INS404  0-25| SN7G033N 292 | TBA750Q 2-33
BC108  0-12|BC308A 0-10|BF241 0-221BU105/02 1-95|TIP33A  0-9912N3705  O-111% < ey, IN5404  0-27] SN76530P 105 | TBAB00 1-75
8Cto88  0-13|gC309  0-15|BF244  018jBU10B  325|TIP34A 1-73|2N3706  0-10 INS406  0-30] SN76533N 1-20 | TBABI0AS
BC108C 0-14|BC323  068|BF25¢  045|8Ui26  2-99(TIP4TA 080|oN3707  0-13|ACIBBK 0811 Ns5e07  034] TAA300 176 151 CALLINGTO
o ghledy emens  tlewet GRines PhAGn GRACew TARSE 444 | Tansmo 1 il
BC109C  0-14|BC441 10| BF256 i : : ‘T2l ACI94K 0T A2 TBA990 410
BC113 . 013|BC4s1  1-58|BF257  0-49[BU207  3-00|TIS73  13612N3739  1-18( 4 gy ZENERS i::ﬁg :_:: TBA90Q 410 CORNWALL, PL|7 8Pz
BC114  0-20|BCy33s 036(BF258  066(BUZ08  31S|ZTX109  012]2N3771 1701, 1o 4.6]400mW TCA270Q0418 | Tolephone: Stok Climsiand
BCH15  0-20|BCyaz  0-16|BF259  093|BU209  2:55/ZTX300 0-16|2N3772  1:90, 3-33v 0-12] TAA4SO 270§ FN494  1-20 elephone: toke mslan
BC116  0-20|BCYT1  022|BF262  0-70|BUY77  2-50|ZTX304 0-22[2N3773  2:90/BC142/ 1w TAAS50 0-55 | 4GA995159 (05797) 439. Telex: 45457 A/B
BC117  020|BCYss 2-42|BF263  0-70(BUY78  2-55(ZTX310 0-10l2N3700  415iBC143  0-7013-3-100v 0181l TAAS70 2-62 252 | MERCURY CALGTON.
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FROM THE SPEGIALISTS - POWERTRAN
T AT G ELEGTRONIGS

Component packs for a choice of three outstanding amplifiers are stocked together with packs
for a regulated power supply suitable for use with a pair of any of them. Also stocked are
packs for a very well-established pre-amplifier—the Bailey-Burrows design which features six

inputs, a scratch and rumble filter and wide range tone controls which may be either rotary STUART TAPE RECORDER

or slider operating. A set of three printed-circuit boards has been prepared
for the stereo integrated circuit version of this high-

30W BAILEY 60V REGULATED POWER SUPPLY performance Wireless World published design.

Pk. 1 F/Glass PCB £0.80 Pk. 1 F/Glass PCB £0.75 : o .

Pk. 2 Resistors. capacitors. pots £1.75 Pk. 2 Resistors, capacitors. pots £1.40 TRRP Pk. 1 Reply ampiifier F/Glass PCB £0.90

Pk. 3 Semiconductor set £4.70 Pk. 3 Semiconductor set £3.10 TRRC Pk. 1 Record amp./meter drive cct. .

30W BLOMLEY BAILEY-BURROWS PRE-AMP F/Glass PCB £1.40

Pk. ] F/Glass PCB £0.85 Pk. 1 F/Glass PCB £2.05 TROS Pk. 1 Bias/erase/stabilizer cct.

Pk. 2 Resistors. capacitors, pots £2.15 Pk. 2 Resistors, capacitors. pre-sets, F/Glass PCB £1.00

Pk. 3 Semiconductor set £65.60 transistors £4.95

20W LINSLEY-HOOD Pk. 3R Rotary potentiometer set £1.60 For details of component packs for this design please write

Pk. 1 F/Glass PC8 £0.85 Pk. 35 Slider potentiometer set for free list.

Pk. 2 Resistors, capacitors, pots £2.40 {with knobs} £2.70 N

Pk. 3 Semiconductor set £3.35

TOROIDAL T20 + 20

Developed from the famous Practical Wireless Texan

20 WATTS/CHANNEL

Designed by Texas engineers and published in
a series of articles in Practical Wireless. The
TEXAN was a remarkable breakthrough in
delivering true Hi-Fi performance at excep-
tionally low cost. Now further developed to
include a true Toroidal transformer, this
slimline integrated circuit design, based upon
a single F/Glass PCB. features all the normal
facilities found on quality amplifiers, including
scratch and rumble filters, adaptable input

) selector and headphones socket.
vorisEs .

F R E TEAK CASE and HANDBOOK
with full kits

ACTIVE FILTER CROSSOVER
An essential and critical component in a high-quality speaker system is the crossover unit convention- £ 8 5
ally comprising of a series of passive networks which unfortunately, though introducing reactive KIT PRICE only 2 l2

impedances between the amplifier and the speakers, result in the loss of the advantage of higl
amplifier damping factor and renders the speakers prone to overshoots and resonances. An elegant pOSt free (U K )
solution to this problem. described by D. C. Read in Wireless World, ‘involves the use of a series R
of active filters splitting the output of the pre-amplifier into- three channels, of closely defined band-
width, each of which is fed to the appropriate speaker by its own power amplifier. A design for a
suitable 20-watt amplifier, based on a proven Texas circuit, was also described by Mr Read. The

printed-circuit board for this has been designed such that three amplifiers may be stacked and P?Ck Set of all low noi — Eg"iacg
mounted together on a common heat sink to achieve a conveniently compact module. 2 Setofall Smaﬂ%fg;&fgr:' £1.50
i Set of 4 power supply capacitors £1.40
Set of miscellaneous parts including
ACTIVE FILTER READ/TEXAS 20w amp. POWER SUPPLY DIN sockets, fuses, fuse holders,
control knobs, etc. 1
Pack Pack FOR 20W/CHANNEL STEREO 5  Set of slide and push-button £1.90
1 Fibreglass PCB (accommo- 1 Fibreglass PCB £0.70 SYSTEM switches £0.90
dates all fitters for one 2 Setof resistors, capaci- 6 Set of potentiometers and ’
channel) £1.05 tors pre-sets (not includ- Pack selector switch £1.45
2 Set of pre-sets, solid ing O/P coupling capa- 1 Fibreglass PCB £0.50 7  Set of all semiconductors £8.25
tantalum capacitors, 2% citors) £1.10 2 Set of rectifiers, zener 8 Special Toroidal Transformer £4.95
metal oxide resistors, 2% 3 Sets of semiconductors £2.40 diode, capacitors, fuses. 9 Fibreglass PC Panel £2.50
polystyrene capacitors £4.20 6 off each pack required for stereo fuse holders £2.60 10 Complete chassis work,
3 Set of semiconductors £2.65 system 3 Toroidal transformer £4.95 hardware and brackets £4.20
2 off each pack required for stereo 4 Special heat sink as- 11 Preformed cable/leads £0.40
system sembly for set of 3 12 Handbook £0.25
amplifiers , £0.85 13 Teak Cabinet £2.75
5 Setof 3 O/P coupling ENQUIRIES WELCOME
SUITABLE ALSO FOR FEEDING capacitors £1.00 For quality sets of speakers
ANY OF OUR HIGH-POWER 2 off packs 4, 5 required for
DESIGNS stereo system
V.A.T. Please add 8 %*
SEMICONDUCTORS AS USED IN OUR RANGE OF QUALITY AMPLIFIERS to all U.K. orders
2N699 £0.25 2N4302  £0. BC182L  £0.1 MJ481 £1.20 TIP29C £0.71 f
2N1613  £0.20 NS08,  fo.42 BCiaat  £01% MJ491 €130 TIP30C  £0.78 (*or at current rate if changed)
2N1711  £0.25 2N5210  £0. BC212L  £0.12 MJES21  £0.60 TIP31A  £0.60
2N2926G £0.10 2N5457  £0.45 BC214L  £0.14 MPSAO5  £0.30 TIP32A £0.70 U.K. ORDERS—Post free (mail order
2N3053  £0.15 2N5459  £0.45 BCY72 £0.13 MPSA12  £055 TIP33A  £1.00
Ao ma w2 mm om weAr 2 Tam qm o
N344 20 40361 ¥ . 5 _
2N3704  £010 40362  £0.45 BDY56  £1.60 MPSA65  £0.35 TIP42A  £0.90 A o ERS auostadelateos Ligo0p
2N3707  £0.10 BC107 £0.10 BF257 £0.40 MPSAG6  £0.40 IN914 £0.07 special packing -
2N3711  £0.09 BC10B £0.10 BF259 £0.47 MPSUQ5  £0 IN916 £0.07
2N3819  £0.23 BC109 £0.10 BFR39 £0.25 MPSU55  £0.70 15920 £0.10
2N3904  £0.17 BC125 £0.15 BFR79 £0.25 SN72721P £0.58 5805 £1.20 Dept. WWO03
g i s S a @& e o '
2N4062  £0.11 BC212K  £0.12 BFY52  £0.20 TIP30A  £0.60 POWERTRAN ELECTRONICS
PORTWAY INDUSTRIAL ESTATE
for further information please write for FREE LIST NOW I ANDOVER, HANTS SP10 3NN |

WW—055 FOR FURTHER DETAILS
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RACAL RECEIVERS
Models RAt7, RA17 Mk. 1l, RA 17L,
RA1TW, RAMM7E, In condition from

working *'as seen’” to brand new in
cabinets. Prices on application.
DIVERSITY SWITCH TYPE
MA1SSB, solid state, £45.00.

KAHN SSB ADAPTOR MODEL RSSB=
=18B. Designed for receivers with 455—
SOOka I.F. (eg Collins 51J: AR88D etc) at
100mV (max)  input. Features: Electronic
A.F.C.. carrier frequency diversity to combat
fading: 20 sec R.C. memory to maintain tuning
during severe fading: individual carrier meters;
nuvistors: low distortion production demo-

dulator. Full spec & P.O.A.

TEKTRONIX
0SCILLOSCOPES

Oscilloscopes 585 DC to 100MH.
Separate time bases with delay and 5X
magpnifier. Time basa A: 0-05 microsecs
to 2 sec/cm in 24 stages also con-
tinuously variable between steps. Time
base B: 2 microsecs to 10 sec in 18
stages. Delay 1 microsac to 10 sec.
Complete with type 81 adaptor anabling
use of all letter series plug-ins. Type 80
plug-in {less probe) also available.

541A-33MHz. Choice of plug-ins. P.0.A.
LA285A(545A)-33MHz, separate time
bases with delay. P.0.A.

Full
price

400 and 1000 Hz

£ £ £
- Zn o empm uiun e
Zs00U 270
801U 270
Z000T  1.20
£ £ 1A3 058
A1065 125 | ECL80 058 L4 0.25
ARS 0ss | ECL82 035
ATP4 g.so Eg% o
B12H 00 1
gfs’u 3'3 E:ggA '1"1‘3 LIRSS
DF96 055 | EF0 075 EXTRA
DK96 055 | EF41 0.65
pLe2 D40 [E 0.30
DL96 060 | EFa3 1.2 o oTee
DY86/s7 040 | EFeS 035 e o]
Yoe 4 5 1S4 030
: 1T4 0.3
i a o
0249 ﬁ PCF88 s | Uvss 0 | 2021 050 6K: VIDICON
= 0.65 | VR105/30 0.45 | 2k25  9.00 | 6AHE  0.70 | 6C4 0.40 | 6L6 TUBES e Hed
75 EMI types | | soo¢ 0.35
S Please write or phone for current price of any 9006 .
ZO. TRANSISTO Rs of the transistors, diodes shown below. 8677A & (S
AF178 BF167 GET116 0c3s SX754 2N2062 9677C
F188 BF185 GEX66 Cé2 ZR11 2N2147 £20.00 ea.
AFZ12 BFYS51 NKT222 0C44 ZR21 2N2411
Sv28 BFYS2 0AS 0C45 1N23A 2N2089 C.R.TUBES
ASY27 BFY90 0A47 0C70 1N25 2N3053 W0PLI4 190 [ pere 1200
ASY28 BSY27 A70 0Cc13 1N32A 2N3054 35L66T 0.5 [ pdizls 10,00
BC108 BSY38 0AT1 0c78 1N3BA 2N3085 35W4 050 | DG13.34 12.00
BC118 BSY95A 0A73 0C78D 1N43 2N3390 0.70 | Mv/i5a5 35.00
BC119 BYZ16 0A79 0C81 1N70 N3391 VR A 08
BC136 CRS1/10 0A91 oca2 1N277 2N3730 A oice
BC137 CRS1/20 0A200 Ca2D 1N415C 2N3731 3 g‘ d
BC143A CRS1/30 0A202 0C82DM [ 1N4148 2N3819 88 9.00
172 CRS1/40 0AZ200 C83 2N456A 2N4038 884 8.00
BCIT2A CRS3/10 oc22 0C139 N708 2N4058 8sL 9.0
BC212A CRS3/20 0oCz2 0C140 2N918 2N4081
BCY31 CRS3/30 0C26 0C170 2N1304 2N4785
Bovs | ERsasies | ocos OCmo | awiaor | 3Nie
2 3N128 i y
BF115 GET115 0C39 0C206 2N1308 3N154 s M| 5% seecia
% | UALVES ANDTRANSISTORS | piuioecrds |50 B 48l 08 oy iw
nlegra circuils, 3 . ol
Many of these valves are imported and AF124 ALVES AND b N R & speclal valves. Min. | 404 20P4 1.10 | 866A 1.20 [ M503-2J42
prices vary for each delivery. so we AF125 Telephone enquiries for valves, | asy/ Order &£1. UK, | 2082 25L6GT 0.70 | 831A 5.00 42.00
reserve the right to change prices for AF126 transistors, etc., retail 749 3934;| Postage £1-£2, 17p.£2-a, 40250 30C15  1.00 | 954 0.50 | K301 7.00
new stock when unavoidable. ARl trade and export 743 0899. 220, over £3 ree. C.0.D. duzet 30C17 100 | 955 0.50 | KRN2A 600
p extra. 30C18 0.9¢ | 956 0.58 | 725, 23.
TFI4H  SIG- BEST PRICES PAID FOR TEST AND COMMUNICATION
;‘AL Gl'i‘ﬁ EQUIPMENT. Single items or quantities. Private or Induatrial.
req. ange
Kz OMHz, RACAL UNIVERSAL COUNTER/TIMER
R.F. output 2uV SASS (CT4ED)
to 2V at 50 ohms 8 digit in-

line read-out.

internal
Limited

mod.
aty.

Facilities
dir-

only avallable,
spec.

on

quest.

TF 5268 OSCILLATOR AND DETECTOR
UNIT £50-00.

TF 12268, TF1225A, TF STTA. WHITE
NOISE TEST SET £185-80. Full spec.
on request.

TF

Rnnno 10-485 MHz in five ranges. R.F. output
01 uv.lvV source e.m.f. b

801D/1/8 SIGNAL GENERATOR.
Dial

Include:
rect f

measurement
up to 100MHz;
pulse, period,
ratio, time
Interval  and
totalising
measure-
ments. [nput umltlvlty varlable from SOOMV
to 9V, three | inputs, seif

etc. Full spec. on request. £145.

HEWLETT -

175A OSCILLOSCOPE with 1750A

PACKARD

volts, d
nolse. Plston type atienuator. 5002 output
impedance. Internal modulation at 1 kHz
at up to 90% depth, atso external sine and
pulse modulation.
callbrator. Separate R

and power relative to thermal

Built-in SMHz crystal
and mod, meters.

dual trace vert plug in and 17818 delay
time base plug 50MHz _minimum
bandwidth at 50mV/CM. T/B modes:
main, main smqls. mlxed main delayed,

delayln% Full S P.O.A.

PLING OSCILLOSCOPE.
800MHz. complete with 1B8A 1mV/CM
dual trace Pplug-in. 1GH1 probe and
manual. Full spec & P.O.A
5§24C ELECTRONIC COUNTER/
TIMER direct reading 1o 10MHz, ex-
tended to 500MHz depending on con-
verter Pplug-in. also penod and time
measurement. 8 digit in-line display
on Nixie tubes. £185 with one plug-in
(as below} 524B model, spec as for
524C but display on 6 neon lamp
decades and 2 meters £115 with one of
the followmq&vlu -ins: 526A Video am

5258: 100-220
MHZ (6525C: 100—500MH1 £45 extral.
540B TRANSFER OSCILLATOR.
Measures frequency up to 12.4gHz. May
be used on its own or with freq. counter.
P.O.A.
200AB AUDIO OSCILLATOR 19kHz,
6000hm_balanced or unbalanced. small
size, £285.,
300A HARMONIC WAVE ANALY-
SER Freq. 0—16kHz. Full spec & P.O.A.

P.O.

TF801B/2. Spec as for TFBO1D_but minor

circuit differences. Working order, £95.

TF 140S DOUBLE PULSE GENERA-
TOR WITH TM §660/S SECOND-
ARY PULSE UNIT. For testing radar,
nucleonics, 'scopes, counters, fiiters
etc. SPEC. TF 14088. Rep. frea.
10Hz to 100kHz, puise width 01 to
10041 sec., delay —1-5 to 430001 8

rise time _ 30N sec. SPEC. TM ““Is.
As for TF1400S except pulse width
05 to 25u sec., delay 0 to 4-300u sec.

500/250W MEDIUM WAVE BROAD.
CAST TRANSMITTERS. Price and
detalls on application.

PLEASE NOTE

Unless offered as “asseen”

ALL EQUIPMENT

ordered from us is complately over-

hauled mechanically and rically

in our own laboratories
FOR EXPORT ONLY
TRANSMITTERS:

BC 810 Halllcraft

RCA ET 4336 a

..
modified verslon of

MARCON

RCONI TF 995A/5 FM/AM
SIGNAL GENERATOR. Four additional
tuning controls facilitate narrow hand
measurements. 3 Int. A M. mod Freg
400, 1000 & 1500Hz at up to
F.M. deviation + 5kHz % 120kH1
Output 0.1uv—200mV  dependin,
tarmmstlon Freq. Range 1.5-220

P.
FM' SIG GEN TS1077/1. Range 19.7—

545-133MHz. S time b, ith
delay. Price on application.

PLUG-IN UNITS

CA—24 MHz dusl trace 50MV-20V.
G—20 MHz differential 50MV-20V.
L—30 MHz fast rise time 5MV-20V.
D—High gain differential 1MV-50V.
N 600MHz sampling 10MV-cm.
63/54C. Dual trace 33MHz, 60MHz,
0,05-20v.

BOONTON FM/AM SIGNALGENERATOR
TYPE 202E. 54-216MHz in 2 ranges, com-
plete with arate er supply £175.

EHV POWER SUPPLY |15V input 100KV
at 5mA output £150.

SOLARTRON

AS 870.3 CURRENT LIMITING
POWER SUPPLY 0—30v in steps of
10,1, 0.1V at up to 3A £50.

Open 9-12.30, 1.30-5.30 p.m.
excep! Thursday 9-1 p.m.

ROHDE &
SCHWA

Z-ﬂ DIAGRAPH TYPE ZDU. 30420
MHz, 50Q. Directly measures multi-
terminal networks. phase shift, phase
angle etc. with complementary POWER
SIGNAL GENERATOR TYPE SMLM
High Freq. intemal/external

mod.. up to 3V P.O.A.
POLYS(D)(OP SWOB 1. 0.5-400MHz
WATTMETER & MATCHING

resolutlon

750
VHF
INODICATOR 30/80W. 230MHz. 75Q.
P.O.A.
VHF VOLTMETER TYPE UDND

P.O.A.

MICROWAVE POWER METER
TYPE NRD. 0-3200MHz at 50Q.
0-200mW in 4 ranges., built-in

li::alihration check with measuring head

FREQUENCY SYNTHESIZER TYPE
XUA. 30H2-30MHz with FREQUENCY
INDICATOR TYPE FKM, 15-30MHz:
30-100MHz.P.0.A.

PHASE AUTO TRANSFORMER, wye
.5/230/218.8v 50¢

input 400v, wye output 241

*

18kVA.,
Brand new in original cases £60.00 lncluulnu

Made by Westinghouse of USA,

UK transport.

102.5MHz. 0.2pv—200MV. Piston tors, panoramic adaptors, dlversity

attenuator at 52 ohms output. FM switches, tranemitter driver units,

modulanon at 1000Hz at up to 100kHz linear amplifiers can be iit to
inc. tuning. etc. £76. customers' requirements. Please send

TF  1258A HF _ SPECTRUM us your enquirles.

ANALYSER for ysis and

| od ougmt to 700w.

COLLINS TYPE 231D 4/Skw., 10 channel,
autotone and manual tuning. AII above
complete Ine tion and spare parte.

19, 19HP,

243 TRANSMITTERS

RACAL COMMUNICATIONS
EQUIPMENT

We are able to offer a comprehensive
selection from the range of this modern
high class equipment Including,
receivers, L.F. Converters, SSB adap-

ment of Radar Equipment. Frequency
range 190 to 230MHz with crystal check
points. Sweep width 0.5 to 5MHz.
output pulse delay (a) 85-175 ySec,
(b) 0.7-1.4 mSec with X1 and X2
multiplier_and +2. X1. X2 multiplier.
2;\2/ to 200mV with x10

DISTORTION FACTOR METER
TF142F. Range 100Hz-8kHz. Distor-
tion range from 0. 05%—50% 0.5V input

at 100k

NOISE GENERATOR TF1053
{CT207). Range 100-600M Noise
factor up to 150 {21.7db) at 75 ohms.
Audio power up to 500MW. £95.
MARCON 1094A/3 SPEC'I'RUM
ANA I.YSER wnth LF. extension unit.
Freq. range 100MHz. Full Spec. & P.O.A.

TECHNICAL MATERIAL CORP:

EXCITER/TRANSMITTING MODE
SELECTOR Freq. 2-32MHz. M.O.and 10
crgstal positions. Vemier lumnaou .S.B/
B. var carrier insertion etc. £2¢
F.S.K. EXCITER. Freq. 1-6.5MHz.
01 00%":11 commuous frequency shift. Upto
+
Modes F.AX.: F.S.: M.S.C.: C.W. £80.

ARSS SPARES. We hold the largest stock
In U.K. Write for llst.

l.". Hgll 0-3 amp. 2§" (U.S.A.) &1-90
T!L!PHON! TYPER “-I" (Tro icalised)

10 line HAGNITO TELE 3
SWITCHBO

50 line AI.ITOHATIC PRIVATE
TELEPHONE SWITCHBOARD

Price of each of the above on application.

TEST tOQUIPMENT
for direct line for all enquiries regard-
mg_’“tgt equipment only, phone
PLEASE ADD
8% VAT
COLOMOR (E=romcs

170 Goldhawk Rd., London, W.I12|
Tel. Ol - 743 0899

www americanradiohistorv com
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First in audio econ

SPEAKERS

MASSIVE
SAVINGS

only £18.95 a pair!

These superb simulated
teak-finished speaker kits §

SYSTEM 1

20 watts per channel.
System 1 mcludes:
VISCOUNT It Amplifier—volume,

Specification:

ceramic cartridges), 150mV into

full power). Tape out facilities:

have  been  specially } on all inputs
designed by RT-VC  for approx. 133" X 9" X 33
the  cost-conscious hi-f GARRARD SP 25 Mk i

enthusiast ~ who  wants

to uality speakers but

do'::sn‘qt want to spend Compiete System £51-00

the earth Built to EMIs
exacting specification, these
new RT-VC speaker
kits (350 type kit}
incorporate 13" X 8"
woofer, 3}” tweeter

enclosure approx. 277 X 13" X
bass driver, and two 3" {approx)

i
and matching cross Scotl; 5
over. Easily put together with just a few basic tools. » p&nc::"i';-darue clf:lgfnfuﬂ?ggM 1

Specification {each speaker):
Impedance 8 ohms. Power handling 15 watts rm.s.
{30 watts peak).
Response 20-20.000Hz. Size 20" X 11 X 93" approx.
Comparable built units {EMI LE3) sold elsewhere for
over £45 pair.

Pair complete

0 8-95 +f4p&p

DISCO AMPLIFIER ™ |

Reliant Mk IV Mono Amplifier,
ideal for the small disco or
house parties. Qutputs 20 watts
RMS. into 8 ohms (suitable
for 15 ohms). Inputs * 4
electrically mixed inputs. % 3
individual  mixing controls.
% Separate bass and treble
controls common to ali 4 inputs.
% Mixer employing F.ET.{Field Effect Transistors.} % Solid State circuitry. ¥ Attractive styling.

INPUT SENSITIVITIES—Input 1—Crystal mic. guitar or moving coil mic. 2 and 10 mV {selector switch
for desired sensitivity).

System 1 £1:75,

R amplifier £24-20+£1

2 Duo Type Il Speakers £14-00 + £2-20
Garrard SP 25 with
Mag. Cartridge de
luxe plinth  and
hinged cover

TOTAL:
Available compiete
tor only

p&p
p&p
£21-00+£1-75 p& p

£59-20
£51-00+ £3-50 p& p

INCORPORATES:  Pre-amp with full
mixing facilities including switched
input for mic. with volume control,
switched input for auxiliary with
volume control, bass and treble
controls, volume control and biend
control for turntables.

Inputs 2, 3, 4. Medium output equipment—ceramic cartridge, tuner tape recorder, serigs B‘dsé'zi(s sin%l::::}ay w‘:;gfei::;,:::
organs. etc, all 250mV sensitivity. AC Mains 240V operation. Size approx. 124" X cartridges. )

6" X3} The turntables are designed and

+60pp & p precision  engineered.  They

combine dean modern styling

with superb  reproduction.

Their many special features inciude square section aluminium
tonearms (high precision low mass design fully counter-
balanced, with calibrated stylus pressure control for perfect
tracking}, and conveniently grouped easy to read linear controts.
The turntables have viscous cueing devices which allow the
tonearms to be placed or lifted at any point on the record.
The two lightweight cartridge shells have slide-in-holders to
facilitate easy i ion of needles and cartridges.

Yours for only £45.0

THE TOURIST Il

NOW BUILD YOUR OWN
PUSH-BUTTON CAR RADIO
Easy to bl kit
~" fully completed and tested printed circuit board
/,/on which no soldering is required. All connections are
simple push fit type making for easy assembly. Fine tuning
push-button mechanism is fully built and tested to mate with

+£3-50
p&p

mono/sterzo on/off function and bass and treble filters. Plus headphone socket.
20 watts per channel into 8 ohms. Total distortion @ 10W @ 1kHz 0.1% PU.1 {for
into 47K zqualised within—1d8 R1AA. Radio 150mV into 220K {sensitivities given at
Tone controls and filter charactesistics. Bass + 1248 to — 12dB @ 60Hz. Bass filter:
BdB per sctave cut. Treble control: treble +12d8 to- —12dB @ 15kHz. Treble filter:

12dB per octave Signal to noise ratio: {all controls at max) — 58dB. Crosstalk better
than 35dB on all inputs. Overload characteristics better than 26dB on all inputs. Size

asSs$

40-watt Amptifier. Viscount IIl—R102 now

bass, treble and balance controls, plus switches for

3 Meg. PU.2 {for magnetic cartridges) 4mV @ 1kHz

headphone socket, power out 250mW per channel.

benk with magnetic cartridge, de luxe plinth and hinged cover.
TWO DUD TYPE Il MATCHED SPEAKERS—enclosure size approx 173" X 104" X 6"
in simulated teak. Drive unit 13" X 8" with parasitic tweeter. 10 watts handling.

SYSTEM 2:£69.00

Viscount Il Amplifier {as system 1)
Garrard SP 25 Mk Ill Deck (as system 1)
Twa Duo Type Il Matched Speakers—
113" Finished in teak simulate. Drive units 13" X 8"
tweeters. 20 watts RM.S. 8 ohms frequency range—

20Hz to 18,000Hz. Complete System £69-00

PRICES: SYSTEM 2.
Viscount IIt R102

Amplifier £24-20+£1 p&p
2 Duo Type I
Speakers £39-00+£4-00 p&p

Garrard SP 25 with

Mag. Cartridge de

luxe  plinth  and

hinged cover £21-00+£175 p& p
TOTAL: £84:20

Available complete

for only: £69-00+ £4-00 p & p

TECHNICAL SPECIFICATION:

PRE-AMP —0utput—200mV
Auxitiary inputs—200mV and 750mV into 1 meg.
Mic. input 6mV into 100K. 240 volt operation.

TURNTABLES CAPACITY—7”, 10", or 12" records.

RUMBLE, WOW and FLUTTER
Rumble better than —35dB. Wow better than 0.2%.
Flutter better than 0.06% (Gaumont kalee meter).

FINISH—Satin black meinplate with black turntable
matt inlaid with brushed aluminium trim. Tonearm end
controls in black and brushed eluminium.

CONSOLE SIZE

Unit closed—173" X 13%” X 8%" {approx.)

Unit open—353” X 133" X 43" (approx)

This disco console is ideally matched for the Reliant IV
and Disco 50 of any other quality amplifier.

The unit is finished in black PVC with contrasting
simulated teak edging, diamond spun control knobs
with matching controf panet.

printed circuit board.
Technical specification: (1) OUTPUT 4 watts RM.S. output. For 12 volt operation, negative or positive
earth, {2} INTEGRATED CIRCUIT output stage, pre-built three-stage IF Module. CONTROLS VOLUME.
MANUAL tuning and five push-buttons for station selection. iltuminated tuning scale covering full, medium
and long wave bands.

Chassis size 7" wide, 2” high and 43" deep approx. £7-70 + 55pp &p.
SPEAKER including baffle and fixing strip £1-65+23p p & p.

CAR AERIAL RECOMMENDED—tully retractable £1-37 +20pp & p.

Mail orders to Acton. Terms C.W.0O. All enguiries
stamped addressed envelope. Goods not des-
matched outside U.K. Leaflets available for all
items listed thus . Send stamped addressed
envelope. All items subject to availability. Prices
correct at 1st February, 1975 and subject to
change without notice. All prices include V.A.T.

DO NOT SEND CARD
l Just write your order giving
your credit card number.

The Tourist | Kit for the
experienced constructor. If you
can solder on a printed circuit &
board you can build this model.
Same technical specification as
Tourist II.

R||THV

21a High Street, Acton, London
323 Edgware Road, London W2
PERSONAL SHOPPERS: Edgware Road:

at 8% rate.

PRICE £6-60 +55p P & p.

www americanradiohistorv com

Acton: 9.30 a.m.—5 p.m. Closed all day Wed.

Radio and TV Components
{Acton) Ltd,

W3 6NG.

9 am.—5.30 p.m. Half-day Thurs.
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OInNsors

(ELECTRONICS) LTD.

9 & 10 CHAPEL ST., LONDON, N.W.I

01-723 7851

01-262 5125

ADJACENT TO EDGWARE ROAD MET. LINE STATION

CURRENT RANGE OF NEW L.T. TRANSFORMERS
FULLY SHROUDED TERMINAL BLOCK CONNECTIONS

ALL PRIMARIES 220/240v

Type Sec. Taps Amps Price
1A 25-33-40-50v 15 £1400
1B 25-33-40-50v 10 £1200
1C 25-33-40-50v 6 £8-50
10 25-33-40-50v 3 £7°50
2A 4-16-24-32v 12 £10-00
2B 4-16-24-32v R £8-00
2C 4-16-24-32v 4 £4°95
2D 4-16-24-32v 2 £350
3A 24-30-36v 10 £9°00
3B 24-30-36v 5 £7-50
3C 24-30-36v 2 £3-50
4A 12-20-24v 20 £12:00
4B 12-20-24v 10 £7-50
4C 12-20-24v 5 £4-95
S5A 3-12-18v 20 £1000
58 3-12-18v 10 £695
5C 3-12-18v 5 £4°50
6A 48-56-60v 2 £4°'50
68 48-56-60v 1 £3'50
TA 6-12v 20 £790
78 6-12v 10 £4-50
C 6-12v 5 £3:50
8A 17-32v 8 £8'00
9A 12-24v 1 £250
10A 9-15v 2 £250
1A 8-0-8v 2 £2°50

PLEASE ADD 8% V.A.T.

Postage
7

PARMEKO POTTED L.T.
TRANSFORMERS

Pri. 115-230v SCR. Sec. tapped 40-45-
50v 5 amps. £8-50, carr. 75p.
Pri.  110-220-240v. Sec. 2:5v-0-25 v
30 amps. Twice. Will give 5v CT
60 amps or 10v CT 30 amps. £10-00,
carr. £1-00.
Pri.  220-230-240-250v. _Sec.
5 amps. £10-00, carr. £1-00.
All types conservatively rated. Brand
new. Fraction of maker's price.

Open types: Pri. 110-200-220-240v.
SCR. Sec. 30v 55A and 12v 2:2A.
Tabletop connections £4-95, carr. 75p.
Pri. 240v. SCR. Sec. 26v 10A and
12v. 01A. Table top connections
£5°50, carr. 75p.

Pri. 220-240v  Sec. 24-30-32v  2A.
Potted type £2:50, P.P. 40p.

Pri. 220-240v Sec. 13v 6A or 6:6v 12A
and 5v 6A. Potted type. £4-75, P.P. 75p.

32-0-32v

GARDNERS L.T. TRANSFORMERS
Pri. 110-220-240v Sec. 30v 1 amp and 70v
1 amp. Enclosed type. £4-00, P.P. 75p.
Pri. 110-220-240v Sec. 12v 6 amps and
15-6v 1-5 amps. £3-75, P.P. 75p. Pri. 220-
240v, Sec. 63v 1'5 amps, 20-22-24v 08
ampand 6:3v 1 amp. £2-50, P.P. 75p. Pri.
220-240v, Sec. 15v 2'5 amps and 13v 6
amps. £3-50, P.P. 75p. All types open
construction table top connections.

H.T. TRANSFORMERS BY
FAMOUS MAKERS
No. 1 Pri. 110-210-230-250v Sec. 230v
2PO?°MIA and 6-3v 7A. potted type £3-00,
50,

.P. 50p.
No. 2 Pri. 110v-220-240v Sec. 250v
80 M/A. 15v 1:2A 63v 45A. Open
type £2-00, P.P. 35p.

No. 3 Pri. 220-240v Sec. 250-0-250v
75 M/A 6:3v 3A £1-75, P.P. 35p.

No. 4 Pri. 200-220-240v Sec. 400-375-
350-0-350-375-400v 150 M/A 64v 7A
twice 64v 3A. 64w 2A 64v 1A 64v
0'5A potted type £5-00, carr. 75p.

No. 5 Pri. 110-220-240v Sec. 70v 1A
?;d 30v 1A potted type £375, P.P.

p.

No. 6 Pri. 220-240v Sec. 1875v 60 MjA
and 500 31 M/A potted type £475,
P.P. 75p.
No. 7 Pri. 220-240v Sec. 630-0-630v
105 M/A. 5v 4A 5v 2A £4'50, P.P. 75p.
No. 8 Pri. 220-240v Sec. 140v 195 MJA
6:3v CT 1:25A. 50v potted type 1A
£3-50, P.P. 50p.

No. § Pri. 220-240v Sec. 385v 175 M/A
and 218v 175 M/A potted type £3:50,
P.P. 50p.

OIL-FILLED BLOCK
CAPACITORS

MFD DCV WKG PRICE
8 2500 £3:00
8 800 5p
8 80p
8 350 40p
6 750 60p
6 600 50p
4 2000 £1-00
4 1000 60p
4 600 40p
4 350 30p
1 600 20p
1 200 10p

P.P. Add 5p each 1-4 MFD.
10p each 6-8 MFD.
25p each 8 MFD 2500v.
Plessey 2+2+2 MFD 1500v.
70°C. 75p, P.P. 10p.
TCC block electrolytic capacitors
1000 MFD 100v DC WKG 50p, P.P. 15p.

WKG

G.E.C. Open frame. Terminal Block
Connections Primaries 220-240v. No. 1
Sec. Tapped 51-61 65-67-69v. 10a.
£8:00, carr. £1:00. No. 2. Sec 58
63-69-74v 3a. and 6v 3a. £3-75, P.P. 50p.

GRESHAMEHT TRANSFORMERS
Suitable for scope "replacements.
Prl. 240v., Sec. 2300v 10 M[A. 300-0-
300v 50 MJA, 63v 4A. 63v 15A.
Table top connections. Size 5X33 X3}
ins. £3-75. P.P. 45p.

MOTOR_ START CAPACITORS
TUBULAR TYPES

4 MFD 250v AC. 26 MFD 500v DC.
2:5 MFD 360v AC. 2:2 MFD 250v AC.
All at 50p, P.P. 109 Eire Miniature
2:2 MFD 400v Size 11 X1X { inches. 25p
post paid. TCC 8 MFD 800v DC WKG
electrolytics 75p, P.P. 15p.

HEAVY DUTY UNSHROUDED TYPES 9 INCH FLYING

LEADS ALL PRIMARIES 240v.

Type No. Sec. Volt Tap. Amps.
1 24-30-36 . oa o .. 20
2 12-20-24 .. J 3 30
3 3-12-18 o 00 .. 30
4 6-12 . T c .. 50

Price

£14:95
£14:95
£14:95
£14-95

GRESHAM MULTI
TAPPED L.T. TRANSFORMERS
Pri. 110-220-240v. Sec. 21-22-23c27-28-
30v 10a and 23-24-26v 2-5a. Twi- e and
15-16-18v 5a Twice and 25-0-25v 50 mfa
three times. C. core type. Table top
connections £10°00, carr. £1-00.

GARDNERS C CORE HT TRANS-
FORMERS

Pri. 110-220-230v. Sec. 250-0-250v.
60 M/A 2:8-0-2-2-8v 28 amps. 24v
3 amps. 6:3v 3 amps. 5v 2 amps.
£4:75, P.P. 65p.

Dubnher 0:05 MFD 10,000v DC WKG

EG C. £3-00, P.P. SOD 10 MFD 750v

DC WKG. 85p, P.P. 20p~ AEl 12 MFD

250v. WKG AC. 60p, P.P. 15p. TCC

plastapack 2 MFD 350v DC WKG. 50p,
P. 15p.

PLEASE ADD 8% VAT TO
ALL ORDERS INC. CARR.

DUBILIER DUCONOL AC CAPS
15 MFD 10% 330v. wkg AC £1-25 P.P.
20p. American high capacity electroly-
tics high voltage type. 2000 MFD wkg
£1:00 P.P. 20p.

TRANSFORMERS FOR LINSLEY HOOD AMPLIFIERS

Fully shrouded, terminal block connections. Pri. 220-240v. Screen
tap. Sec. 30-25-0-25-30v., 2 amps. £4-75, carr. 40p. Heavy duty type

36-25-0-25-36v. 5 amps. £9-75, carr. 50p.

STEP DOWN 240/110v AUTO TRANSFORMERS

3000 watts. Built into steel case with two American 2 pin grounded
socket outlets. Carry handie. 6 it. mains lead. £29'50, carr. £2.

Without case and fittings £22-00, carr. £1-50.
Other Types Available. 8C-1500 watts,
American socket outlet and 6 ft.
requirements. Lists available.

fully shrouded, with
mains lead. Let us know your

L.T. SMOOTHING CHOKES

C core types 140 M/H 5A £3-00, P.P.
75p. 10 M{H 25A £8-75, carr. £1:00.
15 M/H 3-8A £1-75, P.P. 35p. Potted
types 4-6 M/H 11A £3-00, P.P. 50p.
100 MJH 2A £2-50, P.P. 50p. 130 M/H
115A £1-00, P.P. 25p. Open type
150 M/H 3A £3-00, P.P. 50p. 50 M/H
2A £1-50, P.P. 35p. 20 M/H 1A £1-00,
P.P. 25p. 48 M/H 10A £250, P.P.
40p. Sw»nqlnq |ypes C core. 75 M{H
8A-75 M/H £3-75, P.P. 50p.
10 M/H 4A- 100 MIH 0:5A open type
£2'50, P.P. 25p. 50 M/H 5A-100 M/H
0-SA C core £225, P.P. 35p.

H.T. SMOOTHING CHOKES
GARDNER ‘C' core types. 10H 250
M/A £2-00, post. 40p. 20H 180 M/A
£2-00, post. 40p. 12H 100 M/A 85p, post.
25p. 50H 25 M/A 85p, post. 25p. PAR-
MEKO Potted types, 10H 180 M{A £2-00,
post. 40p. 52H 350 M/A £2-50, post.
50p. 10H 300 M/A £2:50, post 50p. 5H
100 M/A 75p, post. 25p. 15H 75 M/A
75p, post 25p. 50H 25 M/A 75p, 25p.

T
AEl AC 240V CONTACTORS
Type LS6-L11-02. 2 make, 2
contacts, 20 amos. 1
Type LS6-L11-01, 3 make, 1
contracts, £1-25 P.P.20p.

BENSON SOLENOIDS
AC 240v 25% duty. Approx 2 ins. § in.
pull. Size 2x 13 X lins. Res. 350Q 75p
P. 1Cp.

HEAVY DUTY HT CHOKES
Parmeko potted type. 9 H 500 M{A 5 KV
WHKG. £850, carr. £2:00. Gardners
enciosed type. 1 H 1 amp. £3-50, carr.
£1-00. Gardner C core type. 10 H 350 M/A
£3:00, carr. 75p.

AMOS “C" CORE CHOKES
10 M/H 25 amps., £8:75, carr. £1.00.

CONSTANT VOLTAGE
TRANSFORMERS
Input 240v + 20% — 10% output 240v
+ or— 0'5% 30 watts enclosed in metal
case, 5;X4X4 ins £2:00, P.P. 50p.

MOVING COIL DC METERS
0-80v DC. 3in. square, 2} in. panel hole
£1-25, P.P. 25p.

0-100 M/A DC. 3} in. round. 2} in. panel
hole. £4-50, P.P. 25

0-500 UA DC 2510
hote. £1-75, P.P. 25

square 2 in, panel

DIAMOND H Doubie pole toggle
switches type 7T2 250v 20 amos,
centre single hole fixing 60p. P.P. 10p.

SEMICONDUCTORS

TRANSISTORS & DIODES

AD142 0.46 BD140
AD143 0.40 BFY50
AD149 0.48 BFY51
AL102 0.65 BFY52
AL103 0.65 BSX19
BA102 0.15 BSX20
BC107 0.14 BSX60
BC108 0.13 CRS3/05
BC109 0.14 CRS3/10
BC168B 0.10 CRS3/20
BC261A 0.10 CRS3/40
BC267A 0.12 OAS5
BCY32 1.07 0OA9
BCY39 1.25 0A10
BCY70 0.13 0C44
BCY71 0.18 0C45
BCY72 0.12 0C70
BDY60 0.61 0oC71
BDY61 0.53 0C75
BDY62 0.45 0C139
BDY90 2.28 0C140
BDY91 216 0C205
BDY92 175 0C206
BD131 0.32 0C207
BD132 0.44 TIC47
BD135 0.32 2N697
BD136 0.34 2N930
BD137 0.36 2N1302
BD138 0.38 2N1303
BD139 0.41 2N1304
LEDs ICS
DL707 7 seq led TAA435
0.90 TAAB11
MV54 led axial TAA861
lead red 0.15 TBA560
TBA570

LYNX ELECTRONICS (LONDON) LTD,
8 CULLEN WAY, LONDON NW10

0.45
0.20
0.18
0.19
0.14
0.15
0.60
031

0.38
0.42
0.65
0.60
0.20
0.37
0.08
0.08
0.08
0.08
0.08
0.45
0.65
1.25
1.25
1.40
0.35
0.11

0.14
0.15
0.15
0.18

0.55
0.68
0.68
2.90
1.20

|
|
2N1305 0.18
2N1306 0.22
2N1307 0.22
2N1308 0.23
2N1309 0.23
2N2102 0.32
2N2904 0.17
2N2905 0.18
2N2905A 0.20
2N2926G 0.10
2N29260 0.10
2N2926Y 0.10
2N2926R 0.10
2N3053 0.15
2N3054 0.38
2N3055 0.42
2N3415 0.12
2N3442 0.80
2N3714 1.16
2N3715 1.21
2N3716 1.28
2N3771 1.25
2N3773 2.18
2N3904 0.12
2N3906 0.12
2N4036 0.38
2N4123 0.12
2N4124 0.12
2N5064 0.25
TBA641 0.88
LM309K 1.80
All prices inclusive VAT.
Post & packing 0.2 0extra.
Matching charge (Gain
only) 0.20 extra/pair.

Tel. 01-965 2243

when reliability
and quality count

Suppliers of Television Valves, Picture Tubes,
Industrial and Transmitting Tubes to the
Electronic Industry.
Available Ex Stock at advantageous prices.
Enquiries from
Agents and Importers welcome.

EDICRON LIMITED

Redan House, 1 Redan Place, London W2 4SA
Telephone: 01-727 0091/2 Telex: 265531
Cables: Edicron London W2

WW—108 FOR FURTHER DETAILS
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TELEVISION TRANSFORMERS

s E va cl N G SAFETY MAINé ISOLATING TRANSFORMERS

| Pri 120/240V _ Sec 120i240V Centre Tapped & Screened
| VA Weight Size cm. P&P

GORDON J- KlNG, R0 rox 7'0x.60

99X 77x 86
RTechEng, MIPRE, FSRE, MRTS, FISTC 0 139x 83x102
12-1%x11-8x10-2
14-0x10-8x11-8
14-:0%X13-4X11-8
17-2X14-0X140
| 172X 166X 140
21-6X13-4x181
21-6%x153%x181
23-5x17-8x19-7

This comprehensive book deals straight- " 4 weion A“*;,i;’,‘,.‘}"“““fi Taps
forwardly with the servicing of PAL receivers, ‘ "ae %

] 0-115-210-240
o o« . o | 15 2 4 0-115-210-240
using a minimum of mathematics. 34 0-115-200-220-240
| 28
1
It is divided into three sections: the first @0 Iraxisexiea
x13-4X
I V CASEO AUTO TRANSFORMER
surveys the FIO|OUI‘ SyStem.aS a whole, the 115V, maing lead input and U.S.A. 2 pin oullets. 20VA £313. P. & P. 38p. S00VA
second studies the elements involved (e.g. £104s "Lgu”:;’g:‘_}:é';s;;ANSFORMERS
picture tubes, conveyance systems, chroma PRIMARY 200.250 VOLTS 12 ANOJOR 24 VOLT RANGE
. o . il ize cm. econdary Windings
channels) and the third is devo exclusive £
. .) a Vi ted v Iy q 3 4'?)( -5 0-}23 at 0-25A X2 :;1
61x -8 0-12V at 0-5A x2 -
to servicing. 112 70X 1 012V at1Ax2 2:29
212 8:3x -0 012V at 2A x2 2-86
(Il e
. 5 9% - 0-12V°at 4A X2 i
504 9:9% 6 0-12V at 5A %2 5-14
0 408 00044 9 328 pages illustrated 1971 14 aex §  Ci2vatshx 2
£4 40 312 121X 2 0-12V at A X2 9
- 13 8 14-0x -8 0-12V at 10A X2
13 8 14:0x 8 0-12V at 15A x2
32 0 ! -0 0-12V at 3CA X2
30 VOLT RANGE
h Secondary Taps
i» oz
05 1 4 61x 0-12-15-20-24-30V 1-81
10 2 4 T0x 240
20 3 4 8 9 X 3-48
NEWNES-BUTTERWORTH 5o
40 304 9 9)( 513
50 312 12:1 X% 6-41
Borough Green, Sevenoaks, Kent TN15 8PH g R0 R e
10-0 13 12 140X 102X 1 " " 9-37
50 VOLT RANGE
Size cm. Secondary Taps
i» oz £
05 112 0-19-25-33-40-50V 2:58
10 212 3-38
2-0 3 8 i 4-68
3-0 6 12 5-81
40 0 0 121)(10 5x1 7-60
60 12 0 14:0x10-2x1 7
80 13 0 14-0x12:7x1
Specialising in components and modules for the SWL, Radio Amateur and Hobbyist. (Trade also sup- 100 25 0 472x12:7x1 g n
plied. of coursel}. Try our prices. try our service. Alt our prices include VAT at 8%. Amp. i 60 VOLT RANGE
CMOS ics at LOWEST PRICES H
A complete range of brand new full spec. branded CMOS ics at lowest ever prices 2(5, 0'24'30""‘?'48'60\’
4000 26p 4018 £1.96 4035 £1-85 4511 £2.27 2:0 -
4001 26p 4020 £1.96 4042 £1.61 4543 £2-35 30 "
4002 26p 4022 £1.78 4043 £1.57 74C00 26p 4-0 "
4009 63p 4023 26p 4044 £1.67 74C04 41p 50 o
4010 63p 4025 26p 4049 59p 74C10 26p gjg "
4011 26p 4026 £2-79 4050 59p 74C20 26p 100 .
4012 26p 4027 94p 4055 g1-17 74C42 £1.53 12-0 17-2%14-0% 140 P
4013 26p 4028 £1-53 4056 1-46 74C74 28p '
4016 67p | 4030 67p | 4069 41p | 74C76 94p YR TU RERIE AN SRORMERS W'T"ong.gEE"s
4017 £1.75 4033 £2-79 4510 £2-11 74C95 £1-85 2 oz
The above is a selection from our wide range—full details in our price list i ;g g;% g
PLESSEY SL600 ics at LOWEST PRICES 4 x2:6x2-9
We carry the most comprehensive stocks of SLE0O devices 1 03 ;g ?)):385
anywhere in the country - available for immediate delivery 112 X6:4%61
SL610 £1.71 SL613 £3-72 S1622 £6:58 SL630 £1.62 4 X2-9%3'5
SL611 £1-71 SL620 £2-58 SL623 £4-81 SL640 £3.15 1 4 x5:8x4-:8
SL612 £1-74 SL621 £258 SL624 £2-45 S1641 £3-15 18 X6-1%61
Full data sheets on all SLBOO devices are included in our Data-Catalogue— 35 pages. crammed with g 13 g::g_-;;) 3:15-3(7)
information for 25p plus large 64p sae 3 4 89X7TIXTT 0-15-27. 0-15-27
All components are availabte for the SL60O series $S8 Transceiver described by G3ZVC in “Radio BATTERY CHARGER TYP‘ES
Communication”. “"Ham Radio” and other leading publications. Full details are in our free price list PRIMARY 200-250 V'OLT (Seconﬁary 2V, 6V, 12V)
DECON DALO PCB MARKER PEN A Vielont i
Available from us complete with spare tip and instruction sheet at oniy 85p q g
q 9% TIx T- P te, th
DIGITAL FREQUENCY METER by CATRONICS LTD . 9% 77X 17 | Please note, these
Catronics ""smash the price barrier” with two models having features never before offered on an | R 3 B B . clude rectifiers
instrument in this price range!!!
Model DFM2 . . R
5-digit model with 4-speed time base (1S to 1mS). The reading is then displayed for 1 second. Carriage via B.R.S.
Model DFM3 .
7l-digi( model with 4-speed time base {10S to 10mS) with built-in automatic memory Reading is Also stocked: SEMICONDUCTORS ® VALVES
dusplayed”for 100r_n5 pius gate time and changes to display new reading from the i.c. memory. AVOMETERS Y ELECTROS'L RESISTORS

Automatic suppressed zero Circuitry” is incorporated on the three leading digits
BOTH MODELS typically have an upper frequency himut of 50MHz and an input sensitivity of
20mV. Low frequency response extends below 50Hz
The display is by long-life seven segment indicators giving a direct frequency reading in four
ranges (two for kHz and two for MHz)
The frequency accuracy is determined by a precision 10MHz master oscillator having a stability of
2ppm over the normal ambient temperature range

Power supply is a fully stabilised 240 voit input unit, although operation from 12 vol: battery s et
supply {—ve earth} can be arranged e ectro“.cs
Prices: DFM2—£75. DFM3—£90 (+ insured post—£1.00) -
Writs for full specification sheet
We also stock a wide range of other products—diodes. transistors. Minitrons, Microwave Modules 3 THE MImRIES LONDON ECSN 1BJ
converters etc.. Jaybeam aerials. KVG and Murata filters etc. Write for free price list {enclose sae [} L]
please} or send 25p plus targe 64p sae for our Data-Catalogue

All prices include VAT at 8%. Minimum post & packing charge 10p. TEL EPHONE 01 488 3316/8

Orders should be sent to our mail order address as follows

A.R.B.B.G., Dept. 502, 20 THORNTON CRESCENT, NEAREST TUBE STATIONS : ALDGATE & LIVERPOOL ST.
OLD COULSDON, SURREY, CR3 1LH.

PLEASE ADD 89 FOR V.A.T. including P. & P.
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ALL MAIL ORDER Bv Unless otherwllle.:l-:tl;d all prices are
RETURN.C.0.D. SERVICE EXCLUSIVE of VAT, Please sad
WELGOME u u unoderol:g ph?: 20p. Ov:r £5°p-os? free.

SEMICONDUCTORS

ﬁgm ” 353333 ::p MM1712
125 P P | MPF102 45
AC126  25p | BCY38 5P | mbryos e
ACi27  27p | BCY3® £100 | onssy) ssp
AC12s  25p | BCYSS £150 | SrRiy
AC176 250 | BCY70 22 | MPEIL
AC1gs  30p [ BCYM  22p ) 350
ACY17 25p | BCY7T2  22p | MPF105
ACY18 30p | BDI21 T5p | (2N5459) 4ep
ACY19 30p |BDI1232 75p [ 0A47  10p
ACY20 25p | BD124 65p [ OA70  1#p
ACY21 30p (BD131  40p [ OA79 10p
D140 60p [ BD132 50p | OAB1  t0p
AD142 50p | BD153  75p | OAO0  1#p
AD140 60p [BDI58  75p | OAS1  t0p
AD161  44p { BDY11 £140 | OA200 t0p
D162  44p | BDY17 £1-80 | OA202  t0p
AF114  25p | BDY19 £196 | 0A210 35p
AF11S  25p | BDY20 £1-40 | OA211 35p
AF116  25p | BF152  20p | OC16  %0p
AF117  25p [ BF194  14p | OC19  #5p
AF118  60p | BF195 15p | OC22  s58p
ASZ21 60p | BF196  15p | OC26  esp
ASY23 30p | BF197 20p[0OC28  80p
BA102 33p | BF200 30p | OC3S 6op
BA112  S50p | BF224J 38p | OC36  65p
BA114  18p | BFX29 30p | OCs2  40p
BA156  15p [ BFX3¢ 30p | OCa4  20p
BC107  12p | BFX85 30p | OC45  25p
BC108  12p [ BFX86 30p | OC70  13p
BC100  t4p | BFX88  30p | OCT1 12p
BC113  3p | BFY10 35p|0Cre  20p
BC115  1Sp | BFY44 S0p | OC75  25p
BC116  16p | BFYS0 25p | OC76  25p
BC117  20p | BFYS1  25p | OC77  40p
BC118  12p [ BFYS2 25p{ OC81  25p
BC147  ttp | BFY53 25p | OCa3  25p
BC148 tp | BFYS0O  85p | OCa4 25p
BC149  12p | BSWS3 65p | OC133  30p
BC153  15p | BSW68 89p | OC170  25p
BC157  t4p |BY127 20p| OCi71  30p
BC158 5p [ BY1e4  65p | OC200  90p
BC169  15p [iS100  1Sp | OC201  &0p
BC182 12p |iS163  15p | OC202  7sp
BC183  12p | MJ340  S0p | TIP20A 45p
BC184  t4p |MJ481  #5p | TIP30  55p
BC186  25p | MJ2801 £1-25 | TIPA1A 57p
BC212  t4p [ MJ2001 £1-95] TIPa2A #9p
BC212L 16p | MJE340 50p | TIP33A £1-00
B3 Mp MJEST0  75p Tib3eA £1-40
P | MJEST1 90 -
BC301 25 | Mupso0 esp | TIPIBA £350
BGas  dop | Muzss et20 | TEGL 100
U P
BCY30 40p | MJE30S5 75p | TipogB- 54p
BCY31  55p | MM1613  45p | TIP30B  60p

We are open from 9.30 a.m.—6.00 p.m. Monday-Saturday

All mail order and enquiries to 270 Acton Lane, Chiswick, London, W4 5DG. Tel:01-994 6275

QTY. DISCOUNTS: 12+ 10%; 25+ 15%; 100+ 20%

TIP31B  65p | 2N2218  25p AL BOXES LINEAR i.C.s
TIP32B  77p | oN2219  25p MET EAL o **SPEOIAL OFFERS** LM309K 5V. 1A,
v | TE5B Eiep|2nez2  20p] ALUMINIUM BOXES IDEAL FOR VERO-IMINIATURE MAINS TRANSFORMER.| Voltags Rea... £20
TIP35B £2.71 | 2N2222A 2%p b PRI 240V. SEC, 12V, 100MA Manul Hinchiey fLM723C 2:37v. 150mA
TIP36B £350 gﬁam‘n ;.09 ﬁgg 2*.' Long i,;- w|de: High ::: §|f. ;?_',;45:“". Fc1 ™ N Voltage Reg... £105
p " " o rice 3 000- 10,000~
Thie o 2N seplase & A d defamen ook 10 ek somw
TipeoC  eap | 2NZBEE £1S0fABI 4 g ¥ #5b] 3 CORE PVC INSULATED MAINS CABLE. | rBAS00 5 watt
T 72p | oN2906 25p| AB12 3" 2" I sep | GREY MLE850, 3 x 7/0-2mm. Price 100m-£4.50.] Audio ........ £
¥P31C £1”0= 2N2907 250§ AB13 & ‘: 2-. 77p [1,000m-£35. 10,000m-£330. 709C Op Amp D.I. |_,
TIPRC £120 | 2N2026  12pJ AB14 7 57 24 J921947 mid. 50V MYLAR FILM CAPACITOR-| TO09 ........
TIPaAC £1-30 | 2N3053  2SpJABIS 8 8 37 £ Size: 1" x 0-35" x 0:85" P.C. Mount. Price 100-6p 141c o Amp 3114
Tric s o gefaze o @ gLl S
& 5 o 5 :
JIP38C £374 | oNms2  70p| AB18 127 5 3 £1-32240V. A.C. SOLENOID- Reversible operation; uac Op Amp
IP41C 900 | oNasos  gspl AB19 19" 8" 3" £2-80twln coll. Size approx. 2 x 1} x . 99p ea.] D.IL. ... %P
TIP42C £1-00 2N3643 30p 30 unmarked OC71 transistors £1-00)147C Dual Op
TISso 400 1oNg7o2  t4p| ALUMINIUM  BOXES WITH_ SLOPING |25 Unmarked 250mW Zener diodes, 4.7V, 54V, | “Amp. ......... 1-20
X 1iP|2Na03  12p| TOP PANEL—IDEAL FOR_ PRE-AMPS,{62V,75V,91V, 10V, Moasured and tested £1-08 | zners Rodic |6, £4.08
ZTX300 15 | oN3704  42pJETC., USING SLIDER CONTROLS Please stato voitage required. -
ZTXXEWU ! 180 | ON3705  12p ] AB20's" Long 9" Wide 34" High at back £2:20]50 GE Diode OA47 equivalent. £1-00 | TAD100 Radlo I.C. inc.
20p [ oN3708 12p 2 High at front 6* Slope to front SFORM!R UGLAS PRI, 3 Filter ... .. £199
X304 500 | oN3707  12p With P.K. Screws TRAN MER: DO AS § o 118,
ZTX531 00 oN3708  12pf| AB21 As above but 10° Long £220]200, 220, 240 SEC. 250-28-00V, 21A,' £450 +
Z7X550 230 [9N3709 12p| AB22 As above but 12” Long £2-60]|5%p p.p.
IN94 oo | 2N3TTt £1-70 TRANSFORMER
4 H4 nas% ] PR 00.4315.100 203, 225, 245. SEC. 35-0-35, 1-2A
INOOt 8D | oN3310 sp ELECTRONIC P P-P.
IN4002 99 | oNso00  s58p MULTICORE CABLE. 25-way, Indlvldua[‘l_y
INGs 90 lansass  asp COMPONENTS scrooned, 14/0078. £1'90 per yard + V.A.
14004 N3004 2p 'ostage by welgl
INAGOS 2P | 2N3g05s  25p]  BARGAIN COMPONENT PACKS IMHOFF 13" RACKING CABINETS. 13}
IS 14p | Jgos5 2] ALL COMPONENTS NEW & UNUsen | JREODE S0, RECIOHG CABINETS. toi
mm; ';: 2 12p gi 2I|haln 25p p.p. per pack, £5 for 5 packs pifree § 2 00 + V.A.T, Carriage £1-00.
2NESE  25p | Zioey }2: 1 500 Carbon resistors, 1, 1, 1, 2 watt. SIEMENS CONTRACTORS. Over 1,000 in
2N6897 200 | 5Ng198  17p]| 2 100 Eifectrolytic Condensers. stock. All types. Phone or write for detalls. TO3 VOLTAGE
2N698 25p | oNg 1spfl 3 250 Ceramic, Polystyrene, Siiver Mica, etc.. I METAL OXIDE RESISTORS leslc ln REGULATORS
2N708 12p | oNg287  tSp Condensers. stock. All vaiues, 1-off price 3p each. D
gmos ::: 2Na288  15p] 4 %50 ;’olyester. Polycarbonate, Paper, etc., I o quantity. L005 5V %m/A\
2N4280  1Sp ondensers. 1 L0386 12V m.
JNKE, Mo loNiw isp) % Potentiometers, agported. J’...IJ%T"&J%I."‘;&I?..."’.m?:‘:‘";‘.‘.; oach: JLea7 15V 4soma
2N1302 16D { oNgg7q 35pf 7 50 Assorted Tagstrips. - Discount on quantity. £1:68 ea.
gmﬁ ;;n 2N4903 £1-10] 8 1Ib. Assorted nuts, bolts, s 8p .
P . atc.
gm% gn §ﬁ5m “u': 925 Alaaoned switches, rotary, iever, micro, DIGITAL INTEG RATED CIRCUITS
P | oNs194 £140f toog SN7400 18p | SN7410  18p | SN7427 42p |SNTA43  £1-00
2N1307 230 { 45350 Sep[10 50 Presst Potentiometers. SN70T  18p |SNTAM  23p |SNTes  S0p | SN7Ms  £1.70
2#1308 gn 40361 sepJ11 Trlat mixed component pack £1. SN7402 200 | SNT412 22p | SN7 20p | SNT. £2.00
3N133  %p |42 sepJi2 Jumbo mixed pack £5. SN7403 20p | SN7413 40p | SNT432 42p | SN7447  £1-50
Ny Bp|4cees  sep SN7404 20p | SN7416 30D | SN7433 70p | SNT448  £1-75
My P laoez 70w SNT405  20p | SNT417  30p [SN7437  58p | SN7450 20p
P | D5151 ﬂ“ POTENTIOMETERS NT. 30p 74 20p | SN7438 50p | SN7451 20p
2N2160  65p | Microwave [l Linear or Log Single Double |SN7407 30p | SNT422 38p | SNT440 20p | SN4753 20p
2N2217  25p | Diode Rotary 15p 42p SN7408  20p | SN7. 38p | SNT441AN  T5p | SNT454 20p
Rotary Swiiched 2%p - SN7409  40p | SN7425  38p | SN7442 8p | SN1460  20p
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IDIGIT 0-9DP 89y
|GREEN&YELLOW £1,

JUMBO LED 0.6" 7

4
L_fs
3015F 0-9DP ¢1 e

| ZENON FLASH TUBE
€4, .Data 15p,

LEDS red 13P

LEDS 209 STYLE ONLY 13p
TIL 208 WITH CLIP RED 15p
TIL 211 & CLIP GREEN 29p
LARGE 0.2" & CLIP RED 17p
LARGE 0.2" CLIP GREEN 30p
209 STYLE OR .2"ORANGE 29p
INFRA RED LED £1.2N5777 33p,

aa
(o
=a
=R
BA
R

TEC12 PHOTO AMP/SCMITT/RELAY

FLUORESCENT LIGHTS 12V MADE IN
8 WATT 13" €3, 13W 22" £3.50

DIGITAL CLOCKH

IC AY51224 4 DIGIT CLOCK £3.75

NEW 8tk CARTRIDGE MECHANISM £8

Suitable for 'PW ASCOT'

i Dsyys g

SLA7 RED LED 0,3’

DISPLAY £2.25 ea,

PHOTO [C lﬂ[@

DRIVER or LED TTL INTERFACE 81p

MM5311/4 6 DIGIT CLOCK £7
CASSETTE i
mechanics £1378

STEREO CASSETTE MECHANISM £13.75
recorder
with heads etc.SEND 15p for DATA

709 DIL14 29p

@i 555 TIMER  54p
4t 753 RF/IF  28p
47 709 T099 23p
709 DIL 14 28p
710 DIL 14 34p
8. 733 Reg. 54p
741 DIL 8  27p
741 DIL 14 2up
741 TO99 29p
747 2x741 70p
748 DIL 8  33p
7805 5V ¢1.40
7812 & 15 £1.40
76013 6W AF £1
E038 SIG GEN ¢3
Za302a £1
CAZD4A 55p
CALIN4A £2
CA3052 £1.50
CA3074 £1
LM300 2-20V £2
LM301 OPA  45p
L¥304 0-40V €3
LM3I07 OPA  49p

LW508 HiBo 95p
LM309K 5V £1.48
LM372 IF £1.80

III'I'EGRA'I'ED
CIRCUITS

LM377 2x2wez, 87 f'rice each
LM380 2W AF Rop AC127 & 128 1l#p
LM381 2xPre i2 AC187 & 188 143
LM3900 4xOPA6Sp Ali4g 43p
MC1303 £1.20 AMI61 & 162 S3p
MC1306 idp HCI07 & 108 op
MC1310&LEDE2 a5 BC109 Lup
MC1312 SQ £€2.10 BC147/8/9 1ip
MC1330 f5p BC157/8/9 1z2p
MC1339 2xPre £1 L'167/8/9 12p
MC1350 55p BCr77/8/9 lEp
NE536 fetOPA £2 E182/3/444L10p
NE540 Driver £1 B12/3/4A4011
NE550 2vRef 79p HCY70/1/2 17Tp
NE555.Timer 55p BD131 & 132 Iap
NE556 2x" €1 ,20 BFR51

NE580 PLL £3,15 HFR50/51 23p
NE561 PLL £3.15  pppso/s51 2ip
NE562 PLL £3.10 AFN88 250V  Zap
NE565 PLL €2, 69 5
SN72709 709 gap JFY50/1/2  l5p
SN72741 741 26p BSX19/20/21 lép’
SN72748 748 3ip  MIE2955 Bip
SN76660 IF 1  MJE3055 E&p
8N76611 IFe1_u5 MPUL31 PUT 49p
TAD110 &IF €32 NA91 OA81 65
TBA810 7WAF 9ap DAH1 & OAS1 6n

ZN414 RX £1.0p TIP 29 & 30 52p

SPECIAL OFFERS
UK

2N3055 FULL HIGH SPEC 115W 37p
741C 8PIN DIL 27p.MFC4000B 33p
NE555 TIMER 55p,ZN414 RX £1.09
BC109 9p.2N3819e 16p.BFY51 15p

TIP 31 & 32 69p

TRANSISTORS
& DIODES

VEI“O

VERO PINSx36 28p,

¥

COPPER CLAD VEROBCGARD O,1"

NATCHING  18p  yuyse agp o

x3i" 2 "
IXS,BUSHE SET10p 33,.,(5.. 31p 33,( . 6p. 31x31"31p,
1IP 41 7
it a2 gk DIL IC's BOARDS 6x43" £1.50
fIP 2955 90p 24 way edge connector 60p.
rIP 3055 55, 36 way 90p. PLAIN 31"x17" f1.
11543 seesN264s, FACE CUTTER 45p.FEC ETCH PAK 50p
2TX1098301 13p m‘l' 6@
IN4O01 ip [@@m Q p
IN4:104 & 7 Tp  DRINTED CIRCUIT BOARD KIT £1.69
IN4148 & 914 4p  DECON NO MESS ETCH PAK NEW 69p
2N697 !4p  DECON DESOLDER BRAID REEL 59p
Digietur 2 HEATSINKS
NZH4 & & 20p S5F/T05 & 18F/TO18 5p ea.TV4 15p,
INJ#u6royg Gy TV3/TO3 16p.EXTRUDED 4 4Y1 29p.
NILE3 17T
iNanes 115w 515  T63308 GAS DETECTOR £1.80 ea,
7N3543 & 64 1fp LOGIC PROBE TTL TESTER PEN ¢5
ZN3614 48|
iN=702 & 1 an  CAPACITORS
iN3704 & 5 lop CERAMIC 22pf to 0,1uf 50v Sp,
2N3706 & 7 op ELECTROLYTIC:10/50/100 uf in
2N3708 w # Ap  10v 5p.25v 6p.50v 8p.2uf/10v 5p.
2N3710 = 11 103 1000 uf/25v 18p.200/500 25v Op,
2N3819E FET 1in

2N3823E FET

2N3904/5/6 15p

” AN TTL

74oo GATES 13p
7404 INVERT 17p
7401/2/10etcl4p
7413 SCMITT 31p
7440 BUFFER 14p
7447 DRIVER 89p
7470 & 7472 29p

POTENT IOMETERS (PQTS) 4B or EGIN

LIN or LOG ROTARY 13p,SWITCH 14p

FULL SELECTION IN OUR FREE LISTZ, DUAL 45p.g1 IDERS <29pP.STEREO 57p
KnoBs 7p.PRESETS 6PRESISTORS 1ip
NEW TRAMPUS FULL SPEC PAKS SWITCHES: SPST 18p. DPDT 25p,
PAK a4 10 RED ¢
PAK £ 4 741 O supeT <70 1| DN pLues AL 12p, Sockers 10,
PAK ( 4 2N3055 ¢1.D 12 BC109 1| ALI CASES AB5/AB7 50p.AB13 65p.
PAK F 10 BC182 £1.F 11 2N3704 1| TRANSFORMERS 1A 6v6v or 12v12v
PAK © B BFY51 €1 H 9 2N3819nc1| Only £1,34.100mA type CT 75p,
7473/74/76 usg PAK J = 2N3053 £1.K 40 1N914 1
Tars Ol sochets
7490 JZp B2Y88 400mW 1A/50V SCR 36p TEXAS GOLD
7491/2/3/4 3 ZENER DIODES 9p  TAG1/400 550 LOW PROFILE ea
74100 74175 BRIDGE RECT €106 & 7 SCR 7l 8,14,& 16 PIN 13p
74121 4A/400V a3p
50v 20p SOLDERCON STRIPS
74123 ap SC146D TRIAC
74141(&7441)75p  BR100 DIAC 25p  10A 400V 75p 100 PINS 50p.1K €3,
F=g o

WWwW—029 FOR FURTHER DETAILS

waany americanradiohictiorny com.
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LARGEST SELECTION OF ELECTRONIC\ ¢
COMPONENTS AND EQUIPMENT. A
LOW PRICES- MEAN LESS VAT.

Henry's Radi

Electronic Centres
404-406 Electronic Components & Equipment 01-402 838t| H/ £/ and

309 PA-Disco-Lighting High Power Sound 01-723 6963

303 Special offers and bargains store
All mailto 303 Edgware Road. London W2 }BW

Prices correct at tigme of preparation. Subject to change without notice. £.&0 €

WwWwWw americanradiohistorv com

You can build the Texan and Stereo FM Tuner TEST VAT 8% EXTRA
T e
Features fibre glass PC board. Gardeners fow field MULTIMETERS EXTRA DISCOUNTS
transformer. 6-1Cs, 10 transistors plug diodes etc. ) . e
Desqgned by Texas Instruments engineers for Henry's P (Carr/packing 35p) Semi-conductors. Any one type or mixed SN 74 Series‘IC
and P.W. 1972. Supplied with full chassis work. detailed %, 12 + EXTRA 10% 25 + EXTRA 15% 100 + EXTRA 20%
construction handbook and all necessary parts. Full input “ 4
and control facilities. Stabilised supply, overall size 151 in. X 23 in. X 6% in. mains 35
operated. Free teak sleeve with everykit. £31.00 (Carr. 50p). Built and tested £37.50 | 1304 200y INTEGRATED CIRCUITS &~
HENELEC STEREO FM TUNER with case 74" SERIES, €
Features capacity diode tuning. led and tuning meter £9.25 LINEAR
indicators, stabilized power supply—malns operated. High U435 20KV N;:g?ﬁ :} N;: %ﬁ }E gf“mz 132
performance and sensmvtty with unique station indication with steel case N7402N bl N7494N .80 CA3014 180
1C stereo decoder. Overall size in teak sleeve 8 in. X 24 in £8.75 N;:gg“ } m: gm »Eg CA3018  1.02
X 6% ir(l(,:CompIete ki)t with teak sleeve £21.00 | U4313 20kaV with s 740N 03 RT3\ -_§; CAJ0Iopp2
arriage _Bui steel case I X d CA3022 1.93
miage 50p}. Built and tested £24.95 | WESSR i case 11650 740/N 04 74104 058 | Cazoz8A 1 o
JOIN THE LARGE BAND OF HAPPY CONSTRUCTORS! | U434133KQV plus ransistor Ta0oN o2 TN 0as | Sagase 1.8
tester steel case £10.50 N_,: ?“ B _7,: }?N g!sl CA3048 211
EMI SPEAKERS U4323 20KOV plus 1KHz NSNS T e asore 178
MODULES ; 465KHz OSC with case £1.70 7413N N74118N 0.90 CA3089E 294
i Special Purchase 5212 0KOVIsTmliype) £583 741aN €, N74119N 1.68 CA30900 4.23
Tuners - Power Suppliers p THL3D {L33DX) 2KV 7a1eN 7a120N 0.95
A HH 13 X 8 chassis G robust £1.50 -
Anplites spestrs (orfgac [/ W | s 2oxay Ja0n Ta38 028
Frt R ing 30p ea or 50p pr I y {Case £2.00) £8.25 7422N 74125N 0.6
irgg‘l)lﬁusrsvg‘ll 5|ngleggah:1|nwel unless stated) . %150 TC 10 watt POy} TPS10S 2KV £6.25 ;g :S;N ;: 3 %N ;‘
2004 9 voht 250 MW £270 | 8 ohm twin cone A TW20S 20KV £10.00 7426N 74145N 1.2
104 9 volt :I; watt £3.10 £2.20 TW50K 50K0V £11.25 ;: 'én 3 7 ;2 ?N &
g B st £395 | Ew 15 watt 8 ohm with tweeter £6.25 | EP10KN 10KQv £9.95 azen LI
5558T 12 voit 13X 11 watt £6.95 350 20 watt 8. 15 ohm with tweeter S100TR 100KQV plus transistor 7432N 74 gN K
E1208 12volt 5 watt £510 | £7.80 each tester £22.50 RN (BT 231580 1.
s?g ;g VU:‘ :gwan g:gg *Polished wood cabinet £4.80 carr. New Revolytionary Supertester 7438N  0.37 N74157N 0.
volt watt 4 o i BBOR Multitestes £18.50 7440N N74160 b
620 45volt 30 watt fagp | otc’35p each or 50p pair 3 TEAD AC multolimets £197s 7441AN N74181N 1
240 30/35 volt 15 watt £5.45 +TE15 Grid dip meter 7442N N74162N 1.
SAGBI ; gilsol volt gS wgan ffg,gg 440KHz-28MHz £19.95 ;::gm N;: 2 -
voit +6 watt . +YE65 28 range valve voltmeter £2250 - .
Fo— = ; EXCLUSIVE SX( g R PaaeN R e TBABOO 150
mplifiers with controls 120KH2-500MHz £18.95 7447AN N74167N 3.0C SN76003N 1.50
E1210 12 volt 24+ 24 watts 8 ohms £8.25 5 WAI I Ic A f Tk22D AF generator 7448 REAAEEA £ SN72741P 0.6
SAC14 Mains 7 + 7 watts 8 ohms £11.75 20Hz-200KHz £1995 7450 N74173 i SN72748P 0.6
SAC30  Mains 15+ 15 watts 8 ohms tuss | AMPLIFIERS ~ HM350 In G ] 702C 7
M. ircuit transistor 7451 > N74174 d
CAD38 9 volt 13-} 14 watts 8 ohms £6.95 testar £19.50 7453 N74175 g 709C .3
CAO88 12 volt 343 watts 8 ohms £1050 * 3025 De-duxe meter 1-300 MHz £6.95 7453 N74176N 1. EE a0
Special purchase 5 watt output 8—16 § 17145 Compact transistor tester £14.75 74601 N74177N 1. 781¢ 60
AM/FM Modules ohm joad. 30 volt max DC operation +63-36 /C osc. 20Hz-200KHz £19.75 ;:;g ¢ N;: ? d 747C 00
Mullard LP 1186 FM tuner (front end} compiete with data. * £3042 SWA Meter £5.75 7473 a1 N74182N 1. ZN414 .20
L T 485 | prico £1.50 0. or 2 for £2.85. e fha | SNraaN odz | SNzaiedN 130 | [0 $8)
EEapTo 7 AM/Aedulc A £25 | Printed Circuit Panels 50p. £1-5Scpe SO0 000K 1001 4300 N7‘}ég” 59 N7ai8eN 2 TAA9S 75
LP1179 AM/FM Front End £4.85 A meter 1- He ¥ N7480 o« R e
Muliard LP 1185 10.7MHz IF u Resistance subbox | Post etc £2.40 7481 N74192N 2.
Gorler Permability FM tuner (front end) 10.7MHz o/p £420 v ERS ;“""""’”N S 2.?7“" & g;: N7gg§ N;: gﬁ i s'NCI—AIR
TUN amp variable transtorme ! ;
3 N7484 X N74195N 1. Ic‘ 2
FM and AM tuners and decoders Radio activity counter 0-10r {carr £1 £9.97 N7485N p: N74196N
- Mains unit for above (¢arr §0p) £3.75 E
FESs! 3 e e ] VSR s | Sums e | GWAMP
SD4912 decoder for tu 3 .9 uners. 30N Juir W%
SP621 6-volt stereo FM tuner €480 | (Postpacking 25 each) TA!:/E}!EADS o N7431AN 1.00 £2.20p
Sinclair FM tuner £11.9! TYPE C variable tuning £2.50 Marriot XR 1 -track high £2.50
Sinclaitdacoderiiogabovoll £19% | TYPE B 4-button push-button Marriot XR :gg 0 i-track @l G COSMOS INTEGRATED
. 3 ' {adjustable) £3.50 Marriot XR -track med £5.00
A ey s Marriot XRPS/63 §-track high £1.75 Cl Rgu ITS. FULL
- Marriot 4-tr. Erase 13X 12E RANGE IN STOCK
Preamplifiers . 343 £0.75
S e rUTS 9 voi g3 | PA-DISCO-LIGHTING | werior ersse neoss ror xirs £8 ¥ e
o vo - 17/18/36 (XESIN) 075 | AAzZI3 i BLY36 i TIP424 :
E1310  Stereo 3-30mV mal cart 9 voit £4.75 EQUIPMENT AC107 51 BSX20 . TIS43 .
FF3 Stereo 3mV lape head 9 volt £4.95 R/RPI record/play $-track £0.45 AC128 15 BU105 i 405A i
3402 Stereo 5-20mV Mag. cart. mains £5.95 H/RP single-track rec/play £0.35 AC187 .21 BY100 2 ZTX108 .08
EQ25 Mono 3-250mV Tape/cart/ﬂal 9 volt £1.95 Bogen type UL290 erase £1.50 ﬁg&% ._Lg 332;"37 ] %38 .
Miniature stereo-cassette i g )
Power Supplies— Mains input (*chassis-rest cased) Te':/:(av o * £2.25 QB“II%? "bg gé?’?]ol 53 ’L)é59070 i
470_cr?/3;}/9v 300mA 28 ;P120481 45 volt 0.94 £1.80 pp15p | ADIE2 a4 GET115 i N706 X
with adaptors b 1 volt g AF11 .24 GET880 . 2N930 .1
oSt BI0 LB o T | s ot o e, AEly  gat | fwook 2 %1, 94
44R voit SE101A 3 8 /8/12 voit i B B 2 g
400mA stat ﬁ.sed £5.50 mp sf lai)lhsed nz 75 Lighting. mixing. microphones. acces- STC & "T ﬁ; g .AE mjgggg 4 ‘%?3 ’
. : = 2 4 H B
*::5", %g :g:: l :ms g gg P1v007"6 344—}/6/7{-/ sories. ssszkEers. :Tphh(;rs’. :‘fns‘e;; M ' N'ATU RE RE LAYS ASY2 33 MIE368s &n i
*P1080 12valt 1A 470 SEBOOA 115 volt orc. e SEBIISDCE L, 150R 6v  2p.co. e 30 | MJE2955 2170
g A stabilised £17.50 on request CALL IN AND SEE FOR 2 2 (4 AX13 .05 PF105 160 .7
O—}A stabilise: - YOURSELF at HENRY'S Disco | 1897 6/12v 2 e SNo Gnal R gg“m € HE B
CENTRE. 309 EDGWARE ROAD. -€.0. c10 14 AB1 054 yt:
NOW OPEN SUPERMARKET 01.723 6963, 1250R112/5 5§2]p-c.C S 000 ¢iooc 0 0A200 X IN3055 0.4
Come and browse round the new 1700R 18/24v2 p.c.o. pp- ci1 5 A202 .0€ 440 .5
supermarlést at 4%4 Edgware Rgad ;gggs ?3;24 ; p.c.o. 15p ((:: 2 - oggg X : gg'g’ :94
Bargains Galore. Goodie Bags. Components, etc. CALCU LATORS v2p.c.o. ¢4 . 0C36 N 614 6
4000R24v 2 p.co. C C 0cCaa i 702 1
! g K 2 b
WATCH FOR FURTHER DEVELOPMENTS ! et onss g 1 | 8 g% | MR 34
Sinclair Cambridge ¢t y €72 ¥: 3773 A
SINCLAIR MODULES (ouie) £1295 10.7 MHZ MINIATURE | scy 4 | ocr7 2 78 31
Sinclarr memory (buit)  £17.95 CERAMIC s i el 29 | 2N312 23
AND KITS Sinclair scientific fbult)  £19.95 s 1% FILTER 40p per pair p.p. 15p Cv72 ] 83 A 303 0.1
Sinclair scientific kit 11250 CRXXY | er27 Low cOST SEVEN SEGMENT B}%‘? £ 0C170 .30 2N4 2% i1
All calculator prices include VAT. l.e.d. Digit Height } inch F115 ¥ 88%8(2) s “4 é7| 34
ST80 stere pre-amplitier £11.95 £1.35p.p. 15p. ;} g oc’r;ﬂ . g 45:7 .g
fil . H N - . X
S it unit i e Sinclair Project 80 E FX13 R 2085 B4
760 25 watt amplifiec 895  Package Deals 1450 RECHARGEABL| SLa14 s 29 | P34ea 10361 -4
PZ5 power supplies lor 1012740 £4.98 {Carnia !/Eackm 35p) BA"TERY F¢( 0 1 p"%%og% yt jgig% :‘
PZ8 power supplies (STA3) X248, S780 £25.00 q Plessey 5w Power Amp IC FY81 0 TIP30A s 40486 kit
for 101 2 240 2X Z60. $780. PZB £21.75 2v 400mA/HR 50p p.p. 15p- £1.65p.p. 15p FY64 36 TIP3IA i 40636 R
PZ8 power supplies (STA3} 2X 280, $780. PZ8 FY30 1 TIPA1A 74 043 8!
for 101 2760 £7.98 + Trans. £34.40
Transformer for P8 £33 Sinclat Spocia Purchases 40KHZ ULTRA SONIC
tuner £11.95 roject
Stereo decodet 095 peampltr .75 ost 20 PHILIPS 12V TRANSDUCERS SEND FOR FREE
il L)
F220 wowr sy 195 o powect 605 o gspemzs, | FLUORESCENT INVERTOR | €530 0. 250 LIST NO. 36
tor 1 or 2 1C20 . Cambntlu- calculator for Bw fluorescent tube. Supplied TAA 960 40KHZ AMP IC
All above post paid (GB only) kit £13.50 post 15p | with instr. and tube £3.50 p.p. 30p. | £1.75 p.p. 15p FOR COMPLETE RANGE OF SEMI CONDUCTORS.

Electronics
Centres Open
am-6pm
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Brightlife neons
(illustrated  are
PC/A or C, PC/F,
PC/E, PC/G or I,
PP/A or B. Q and
S} are brighter and
give an average
of 25.000 hrs. life.
The 0.5” dia. are red
or white, the 0.375”

10 oft 100 off
dia. leads volts incl.P. &P. are red. amber or
g—" PC/Atol 6” 1100r160-260173p 16ip white: these have
3" PC/At01 30”7 1100r160-260 194p 18 three cap shapes
" PP/A 6" 1100r160-26017ip  16ip o) € ey Coes
" PP/A 30” 1100r160-260 193p 181p plied for 115, 240V
type none 1100r 160-260 29p 27p the PP . i
S type none — 23p 21p or the neons in

110, 240. and 440V

Add 8% VAT. Min. quantity each type 10 off. Prices
with 6” or 30”leads.

correct January 1975.

CONTIL

SAMOS

miniature cases

in easy-to-work blue and ot
white PVC/steel. Assemble  S$1 100X 50X50mm . £1.05
in the lower half: complete S2 100X 100 X 50mm £1.19
before springing cover into S3 100X 150 X 50mm £1.35
place—four Pozidrives. two S4 125X 50X 75mm £1.51
to hinge it, two to fasten it. S5 125X 100X 75mm £1.71
Carries four P.C. boards S6 125X 150X 75mm £2.03
horizontally, or two ver- S7 125x 200X 75mm £2.25
tically: four required for much less for quantity. Prices inciude P. & P.. 8% VAT.
each case (for one vertical four feet and four plated screws. Special feet to carry

board. two each case)} Prices Printed Circuit Boards sold separately. Price. incl. 8%
correct January 1975, VAT. 25p for four PCfeet.

Prices

1 include
CONTIL handles o

= o = ——— for

{1) No. 265.55._AT<3dised aluminium quantity.

centre bar. Black plastic bracketswith
moulded-in core. 75mm @ £1.16.
Five more sizes up to 254mm

{2) No. 281. 1 Nylon 112mm. Load

50Kg @ 50p. :

{3) No. 277. Ali. ground polished 4

anodised 88mm. @ £1.08. 120mm ¥ Add
£1.22 P&P

(@4) No. 268. Satin ali. 57.5mm
£1.08; 102mm. @ £1.16; 146.5mm
@ £1.38. (5/6) No. 250 Black
nyton very comfortable 75mm

quantity.

Prices correct
January 1975.

@ 33p. :
T10mm. @ 47p. 155mm. @ 54p.
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. FANS, CENTRIFUGAL BLOWERS & MOTOR

TRANSISTORS AND DIODES
T

ype Pc VCBO  FT MHz
BSY29 (SNPN) 300mw 15 20 .. 17p
BD107 (SNPN) 115w 64 100 .. 65p
2N711B/2G106

(SPNP) 150mw 18 120/150 Tot. Sw. Time 275 nS 45
2N985 (GPNP) 300mw 15 Tot. Sw. Time 115 nS 2108
2N1304 (GPNP) 150mw 30 17p
2N13089 (GPNP) 150mw 30 32
2N 1046 (GPNP) 50w 100 £2.6
2N1146A (GPNP) 90w 70 50p
2N1557 (G) 106w 40 S5p
2N2080 (G} 170w 70 £1.20
2N2082 (G) 170w 40 £1-20
2N2405 {SNPN) Tw 120 57p
2N3054 ISNPN) 29w 90 asp
2N3055 (SNPN) 115w 100 47p
2N3375 (SNPN) 116w 65 £3-60
2N4427 (SNPN) 35w 40 S5p
2N5322 {SNPN) 10w 65 S5p
ASZ16/0C26 28p oc35
4a5p. 0C42 45p, OC7 RCA PHOTOMULTIPLIER C31005B £37-50
12p. CV7006/0C72 20p
0OC75 25p. 0OC83 BRIDGE RECTIFIERS 1B40KO5 50v 4a £1.00
gEn 10/NKT303 - 25p
RASSOBAFOESP RAS3 TOAT SWITCHES

400PIV1§TC a V\?re S%nd Edwards High Vacuum “Speedivac’’ model
or VSK1B range 25:760 torr contact ratings
mg;gg z1o3p IN3194 14p 250v. 5a. volume 4-2 cu. cm. max. working
P- Dlessuve 15lb/sq. in. gauge net weight
RECTIFIER STACKS 7oz, ............... ... .... 50
GEX541B1P2 ..... £6-88 .
GEX541D2P1 ..... £3-50 Sa
GEX541NB1P1F... £6-00 t
GEX541HP3F ... . .£6-00 UEPEIED Ry T
SX751N1B1P1F ...£6-00 CIRCUIT BREAKERS 250V AC each £1.35
INTEGRATED CIRCUITS AMERER" S5 Wl o
MC353G Half Adder £2-20 4.0 = Secureg 5000
MC3SSG 3 np OH/N%R 7.0 Inst. Westingh. 550
HC;’ISBAG e coupl(zg_’ gs 7-0 4 HeAnn:Tzann (60c.)
ipflop . ¥ il
MC365G Line Driver £6-50 gg I:st. \é\é%i‘;:g'goso%o
CA3020 Wideband Pow 9.0 Inst. Westingh. 550
CA3021 Low power wdeo ;gg — E%xuﬁ:gig?ig

1
CA3028A RF 1F Amp.
£1-00
CA3038A Operatlonal Amp.
£2.30
CA3056 Pos. Volt. Regulator
£1-35

DIGITAL COUNTERS
Veeder Root Mech. Reset 4 dig. ... ..... 55p

STABILIZED POWER SUPPLIES

CA3085 Pos. Volt. Regulator Gresham Lion GX60/10a—60v. 10 amp. set

to30v ... ... 8-00 incl. carriage
CDA035AE 4-stage Serlal Lambda CC28v—Inp 205-265v. output
Register £2-00 28v dc +5% 3-4 amp £38.50 incl. p. & p.

CD4017AE Decade Counter
Divider . . £4.00
CD4047AD Monostable
Astable Multivibrator £4.00

THYRISTORS RELAYS
GE2N1774 200v. 5a.£1-20 Varley Min. 700Q 12v............ .. ..
CR1-021C 20v. 1a. ..25p Siemens Min. 12/15v......
CR10-101B 100v. Magnetic Dev. Type 596E

Power Elect. Inp 240v outputs 20v 6.5a 10v
. £38.50 inc. carr.

3-4 amp + 10v 300ma

CR10-02110a. .... £1-00
CR10-40B 10a..... £1:00
CR10-05110a. .... £1-00

CONNECTORS
McMurdo Red Range. Plu RP24
McMurdo Red Range. SKT RS32

Elect. Edge. 36 way O- 2 inch
CR10-01710a. ... . £1-00 Rama Edge. 48 way 0-126 inch
BTX 92 1200R 16a Amphenol 531068‘56 ........
1200v............. £2-85 ComlnemalmlcrommlatureZB 1080IN26 £1 30

CAPACITORS

Daly Electrolytic 9000pF 25v 60p p/p 15p: SOOpF 50v 35p p/p 10p: TCC 16pF + 16pF

+ 8pF 450v 75p p/p 15p: CCL 5 pF + 50pF 275v 45p p/p 1OD CCL Suppressor Unit
pe SU103/1 comprising capacitor Diode and Resistor 104 Dubilier

I\X talised Paper type 426 100uF 15v 60p p/p 25p: RIC 18}F 440v a c. 4&) p/p 10p.

Airmax Type M1/Y3954 (3 blades) Cast

Aluminium alloy impeller & casin
ponds to current type 3965 7%") 230v.
1ph 50c 2900rpm  Class A"
425cfm free air weight 9}lbs.
£23-00.

insulation

-
{corres- .__:_;r;_,'fgﬂ e -

inc.

p.p

Tough little cases
in glass-fibre poly-
ester add very
little to the cost of the
job. Grey, with protected aluminium front
panel (16 s.w.g.). and chassis and feet.

The design of th_e.s:cases permits the instrument
+ 1o be built or serviced within their extemal panels. 48 shapes
Low cost. Blue PVC/steel with grey PVC-coated aluminium panels.

Width Height  Depth 1off

A 45" 3" 6.5 £4.74
B 4.5" 7" 6.5” £5.78
C 45 10 6.5" £6.40
D 9” 3" 6.5” £6.40
E 9!1 7!! 6.5" £7‘°8
F 9” 10” 6.5 £8.16
G 13" 3" 6.57 £7.08
H 13" 7 65" £8.16
113" 10” 6.5 £8.98
J 18 3~ 6.5 £8.16
K 18" 7" 6.5” £10.49
L 18" 10" 6.5” £13.25

Five off
Eif 6”x4"x4” £1.97 £1.79
Long EIf 9”X4”x3” £213 £2.08
Giant EIf 8"x53"x5” £3.44 €£3.32

Also available less panels.

No handles obtainable

Prices correct January 1975.
Lessforquantities.

Prices include feet. P & P and 8% VAT.

Width  Height  Depth 1 off

M 45" 3" 13" £5.78
N 45" 7” 13” £7.08
0O 45" 10” 137 £8.98
P 97 3” 13" £7.08
Q 9” 7" 13" £8.98
R 9” 10” 13" £10.49
S 13" 3" 137 £8.98
T 13" 7" 137 £10.94
U 13" 10” 13" £13.25
Vv 18” S 13" £10.95
wi18” 7” 137 £13.25
X 18" 107 13" £15.83

Woodgrain: D @ £6.49. E & G @ £7.47. H @ £8.21

Prices correct

) Prices include screws, rubber feet, one or two chassis according to size. P. & P.. and 8% VAT,
e YWEST HYDE W)

in postal ges, due in March, not included.

WEST HYDE DEVELOPMENTS Ltd,

Cres. Northwood Hills, Northwood. Middx HAG 1NN

Tel: Northwood 24941/28732 WRITE OR 'PHONE FOR NEW FREE CATALOGUE Telex: 923231
WW-—034 FOR FURTHER DETAILS

Woods Aerofoil short casmg type S. Ref
HS895/4/66  Cap. g Non-reverse
220/240v  1ph 50c 01 a 2700rpm. 6"
cast alum. impeller 4 blades width casing
2§" total 54" welght 5-}|bs incl p.p. £13-00.
Aerofoil Code 7.5 280K 200/250v. 1-0a 1ph
50c 2700rpm 550cfm free air. 74" impeller
14 blades incl p.p. £14-50.

Samce Electric Hi-Velocity Fans suitable for Gas

. Steam Pneumatic
conveymg Coollg Electromc equipment. Air blast
for Ol burners Model 365 (corresponds
to 575) Airblast Fan. 440v 3ph 50c 0-75hp 2850rpm.
continuous 160cfm 12 in w.g. nett weight 44Ib.
price incl. carr. £45-00. Secomak model 350 250v
1ph 50c¢c 0-186hp. 2800rpm continuous 50cfm 2 in.
w.g. net weight 34lbs, price incl. carr. £30-00.

Air Controls type VBL4 200/250v 1ph 50c 110cfm
free air weight 7 fbs price incl. p.p. £15-50.

Type VBLS 200/250v 1ph 50c 172cfm free air.
Weight 10%Ibs. price incl. p.p. £19-50.

William Allday Alcosa rota vane oil frea Sm le Stags
Vacuum Pump Modei HSPO rg 2g

phase induction motor 1/3hp cont 220/250v 380/440v
Class E ins. incl. carr. £28-00.

Alcosa blower FAD 3-8cfm at Spsi. m 1420.
Motor EE 3ph 50c $hp 1400rpm. incl. carr. Ef

Gast MFG. Vacuum pump 0522-P702-R26X. Motor
110/120v a.c. 1ph 60c 1725rpm. Class E. 10cuft to
10in Mercury in 2 mins maintains vacuum. 635mm
Mercury. Or as compressor 10psi int. or 15psi cont.
incl. carr. £28-00.

3 phase 2HP motor 60/50c.. 1800/1500 RPM, 208/220/440v

........... £2350
incl. Carriage
g?:t.d2026391 Potter Instruments flange mounting capstan motor. 0-2HP cont. 110v

......................................... £27.50 inc. carr.

Where p.p. not advised add 10p per £ handling and post (in UK). Cash
with order. Pe:sonal callers welcome.Open Mon.-Wed. 9.30-5.00 Fri.-Sat.
9.30-5.00. Free Car Park adj. PRICES SHOWN ARE EXCLUSIVE OF V.A.T.

W. & B. MACFARLANE

126 UXBRIDGE ROAD, HANWELL, LONDON W7 3SL

WwW-—043 FOR FURTHER DETAILS
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G. F. MILWARD

ELECTRONIC COMPONENTS

Wholesale/Retail :

369 Alum Rock Road, Birmingham B8 3DR. Tel. 021-327 2339

< CALLING ALL INDUSTRIAL BUYERS!!

We are glad to say that it is now possible to supply from stock the following integrated circuits. ALL ARE BRANDED, FULL SPECIFICATION devices offered at
unbeatable prices! This is YOUR chance to cut manufacturing costs and greatly increase profit margins!

/99 100/4%99 500/1000 1/99
7400 £0-15 £0-125 £0-10 7442 £0-645
7401 £0-15 £0-125 £0-10 7443 £1-275
7402 £0-15 £0-125 £0-10 7445 £0-855
7403 £0-15 £0-125 £0-10 7446 £1-05
7404 £0-18 £0-15 £0-12 7446A £1-05
7405 £0-18 £0-15 £0-12 7447 £1-05
7406 £0-375 £€0-312 £0:25 T447A £1-05
7407 £0-375 £0-312 £0-25 7448 £0-855
7408 £015 £0-125 £0-10 7450 £0-15
7409 £0-15 £0-125 £0:10 7451 £0-15
7410 £0-15 £0-125 £0-10 7453 £0-15
7412 £0:195 £0-162 £0-13 7454 £0-15
7413 £0-345 £0-287: £0-23 7460 £0-15
7416 £0-345 £0-287 £€0-23 7472 £0°255
7417 £0-345 £0-287 £0-23 7473 £0-153
7420 £0-15 £0-125 £0-10 7474 £€0-315
7423 £0-27 £0:225 £0:18 7475 £0-465
7425 £0-27 £0-225 £0-18 7476 £0-315
7426 £0-27 £€0-225 £0-18 7480 £0-435
7427 £0-27 £0-225 £0-18 7482 £0-75
7430 €015 £0-125 £0-10 7483 £0-825
7432 £0-25 £0-225 £0-18 7485 £1-275
7437 £0-27 £0-225 £0-18 7486 £0-315
7438 £€0-27 £0-225 £0-18 7490 £0-445
7440 £0-15 £0-125 £0-10 7492 £0-465
7441A £0-825 £0-687 £0:55 7493 £0-445

100/499 500/ 1000

£0-537 £0-43 7494

£1-062 £0-85 7495

£0-712 £0-57 7496

£0-875 £0-70 74104
£0-875 £0-70 74105
£0-875 £0-70 74107
£0-875 £0-70 74121
£€0-712 £0:57 74122
£0-125 £0-10 74123
£0-125 £0-10 74141
£0-125 £0:-10 74151
£0-125 £0-10 74153
£0-125 £0-10 74155
£€0-212 £0-17 74156
£0:262 £0-21 74160
£0-262 £0-21 74161
£0-387 £0-31 74162
£0-262 £0-21 74163
£0-362 £0-29 74166
£0-625 £0-50 74174
£0-687 £0-55 74175
£1-062 £0-85 74)92
£0:262 £0-21 74193
£0-387 £0-31 74198
£0-387. £0-31 74199
£0-387 £0-31

1/99 100/499 500/1000
£0-495 £0-412 £0-33
£0-63 £0-525 £0-42
£0-72 £0-60 £0-48
£0-315 £0-262. £0-21
£0:315 £0-262 £0-21
£0-315 £0-262 £0-21
£0-315 £0-262 £0-21
£0-45 £€0-375 £0-30
£0-63 £0-525 £0-42
€075 £0-625 £0-50
£0-69 £0-575~ £0-46
£0-69 £0-575 £0-46
£0:69 £0-575 £0-46
£0-69 £0:575 £0-46
£1-005 £0-837 £0-67
£1-005 £0-837 £0-67
£1-005 £€0-837 £0-67
£1-005 £0-837 £0-67
£1-425 £1-187 £0-95
£1-20 £1-00 £0-80
£0-975 £0-812 £0-65
£1-275 £1-062 £0-85
£1:275 £1-062 £0-85
£2:10 £1-75 £1-40
£2:-10 £1-75 £1-40

To secure the above prices. all orders for these devices must exceed £10 in total value. Price rating is established by TOTAL NUMBER OF DEVICES ORDERED. Any mix

may be made. For special quotations for large orders ring 021-327 2339 NOW!!!

MICROWAVE DEVICES

CL8300 Gunn effect oscillator 9-4GHz £40
CL8370 ditto 9-5GHz £10
CL8380 ditto 10-6GHz £10
CL8390 ditto 11-5GHz £10
CL8430 ditto 9-35GHz £40
CL8450 ditto 9-35GHz £40
CL8470 ditto 9-35GHz £40
BXY27 Varacter Diode. "'S” Band. Cut-off 70GHz  £1
BXY28 Varacter Diode. Cut-off 100GHz £1
BXY32 Frequency Multiplier. *X" Band 150GHz £1
BXY35A/C ditto 25GHz  £1
BXY36C/D ditto 75GHz  £1
BXY37C/D ditto 100GHz £1
BXY38C/E ditto 120GHz  £1
BXY39C/D ditto 160GHz £1
BXY40D/E ditto 180GHz £1
BXY41C/D/E ditto 200GHz £1

12 VOLT FLUORESCENT LIGHTING

v o

i

Inverter transformers 13/15W {circuit included) 70p
"’Current economy” transistor (600 ma.) 50p
**Maximum light”* transistor (1-3A) 50p
Resistors/capacitors to suit 15p
Lampholders (long lead) (needed with cases) Pair 30p

{short lead) Pair 20p
White enamel case 2 1in (postage 30p) 70p
Tube, 21in—13W 45p

{(Note: tube only supplied if case ordered. to prevent postal damage).
13W fitting ready built and tested—including tube (postage 30p)  £3-75
Post/packing. 25p per order except where shown.

NEW! NEW! NEW! NEW!

An aerosol spray providing a convenient means of producing any
number of copies of a printed circuit both simply and quickly.

Method: Spray copper laminate board with light sensitive spray. Cover
with transparent film upon which circuit has been drawn. Expose to
light. (No need to use ultra-violet.) Spray with developer. rinse and
etch in normal manner.
Light sensitive aerosol spray
Developer and Etchant

£1-00 plus postage
50p plus postage

75p sq. ft.
£1-00 sq. ft.

Single-sided Copper-clad Fibreglass Board
Double-sided Copper-clad Fibreglass Board
Boards cut to any multiple of 6”. Max. size 3’ X 4'.

1,000,000
POTENTIOMETERS
We have bought a huge

assortment of volume controls.

Pre-sets. sliders, etc. All are
in  manufacturer's  original

ELECTROLYTIC
CAPACITORS

Several thousand of each of
the following types. Sitly price
to clear!

ALL NEW STOCK

i 5puf 10V 35p dozen
packing. 10pf 10V 35p dozen
Manufacturing quantities of 50pf 10V 35p dozen
some types available 100uf 10V 35p dozen
v : 330uf 16V 45p dozen
Write or phone for details. 330pf 25V 60p dozen
330pf 35V 80p dozen
Sample bag 2200pf 16V £1 dozen
100 mixed £2.50 15000pf 26V 50p each
HOBBY CORNER!
BRANTUB!!! 100 1} WATT RESISTORS
* ng:’f:::rs, Wire-wound and g:gzpslcolﬁégg
* Capacitors, Silver-mica, Paper, =
(E:eramic, Polyester and POSTAGE 25p [ PACK No. 1
lectrolytic
* Controls, Volume, Pre-set, £1 :88 252?@?35
Carbon, Wire CAPACITORS
* Diodes, Silicon, Germanium, E‘L"pi%ﬂ'gg““
Zener T Yaa T
* Transistors, Silicon, Ger- POSTAGE 25p |_PACK No. 2
manium

All the above are new and unused
stock.
We have made up packs of 2Ib gross
weight, all are different in content,
and contain a mixture of components
from the above list. This is a fantastic,
unrepeatable offer that will enable
you to get a good stock of spares at a
tiny fraction of normal price!
To make things even more interesting
-TWENTY OF THESE BAGS ALSO
CONTAIN A POUND NOTE!
TWENTY CUSTOMERS WILL BE
VERY PLEASED INDEED!
And the price that we are asking?
Only £1-50 including both postage
and VAT!
Rush your order now! This offer
is only made 1o reduce our surplus
stock! It is untikely "that in these
days of rising prices we shall ever
be able to repeat!

100 RESISTORS
100 CERAMIC
galPACITORS

MULLARD POLYESTER
CAPACITORS
POSTAGE 25p [TPACK No. 4

20 ASSORTED UNUSED
MARKED, TESTED
TRANSISTORS

BC108 ETC.

POSTAGE_25p PACK No. 5

1 TRANSISTORISED
SIGNAL TRACER KIT
1 TRANSISTORISED
SIGNAL INJECTOR KIT

POSTAGE 25p { PACK No.6
100 RESISTORS
100 CAPACITORS
(ASSORTED TYPES)

_{mﬁ

POSTAGE 25p

ALL GOODS PLUS 8% V.A.T.

G. F. MILWARD, 369 Alum Rock Rd., Birmingham B8 3DR. Postage (minimum) per order 25p.
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VALVE MAIL ORDER CO.

16a Wellfield Rd., London, SW16 2BS
Tel: 01-677 2424 Telex: 946 708.

INDUSTRIAL VALVES 6060 Cv131 CV3986 EF54 oD3
6061 CV132 Cv3988 EF55 0G3
1B3GT 5B/255M 705A 6062 Cv133 Cv3991 EF804 0z4
1B24 5B/256M 715A 6063 CV135 CV3998 EFP60 0Z4A
1BISA 5B/25TM 7158 6064 CV136 CV4001 ELS!
1B63A 5C22 723A/B 6065 CV137 CV4002 EN30 PTIS
IN21 5D21 725A 6067 Cvi38 CV4003 EN3]
IN2IB SR4GY 6072 CV140 CV4004 EN32 A2400
IN23B sU4GB 801 6073 CV144 CV4005 EN91 A2403
IN23CR 523 803 6074 CV160 CV4006 ESU74 A2404
1X2A 524G 805 6080 Cv173 CV4007 ESU76 A2406
1X2B 807 6097C Cv187 CV4008 ESU77 A2407
6AF4A 808 6130 Cvi8s CV4009 B3/3
2A3 6AKS 811 6136 CVI90 Cv4010 F6057 B3-5-750
2ASI18 6AMS 8I11A 6189 Cv220 Cv4011 F6060 B4 1100
2C26A 6AM6 812A 6197 Cv261 Cv4012 F6061 F41
2C34 6ANS 813 6201 Ccv273 Cv4013 F6063 F45
2C39A 6ANS 81$ 6202 Cv284 Cv4014 FX219 88V02~6
2C43 6ARS 828 6203 CV286 CV4015 FX225 V03-10
2D21 6AS6 8298 6205 CVv287 CV4016 FX227 QV03-20
2D21W 6AUSGTA | 830B 6360 Cv31s Cv4017 QV03-20A
2E26 6AUSGT 860 6442 Cv329 CVv4018 G1/371K QQV04-15
231 6AUG6 866 6463 CV337 V4019 G120/1B 8 V06-40
2133 6AVSGTA | B66A 6550 Cv3a2 CV4020 G150/2B VO6-40A
2350 6AWBA 866E 6807 CV345 Cv4022 G1B0/2M $70/20
2354 6AXSGT 8724 6923 CV354 Cv4023 G240/2D $75/20
256A 6B4G 881R 6939 CV359 CV4024 G400/ 1K $75/40
2K 25 6BABA 891R CV360 Cv4025 GN4 8575/60
2K26 6BK4 7193 CV371 Cv4028 GTIC $83/3
2K28 6BK7A 954 7203 Cv3n2 CVv4033 GTRI120W 592/10
2K45 6BLIGTA | 955 7360 Cv378 CV4035 GTRISOMS | QS95/10
2X2A 6BNG 956 7586 Cv391 V403 u1s S105/45
6BR7 957 Cv39s CVv4039 GU20/21 S150/40
3A/107A 6BS7 8013 Cv397 V404 GUs0 $150/45
3A/108A 6BX7GT 1625 8025A Cv428 CV4056 GXU1 $150/80
3A/108B 6BZ6 Va34 CV4059 KT66 $1200
3A/109B 6CB6 2050 9001 Cv447 V4 KT67 51202
3A/110A 6CH6 2050W 9002 Cvas9 CV4062 KT88 $1203
3A/110B 6CL6 2051 9003 CV466 CV4063 $1205
3A/146) 6CW4 9004 CV469 CV4064 M8079 U37
3A/16TM 6DK6 4003A 9005 Cv488 CVv4079 M8080 V03-12
3AS 6DQ6B 4212Bor H | 9006 Cv49] Cv4501 M8081 V04-7
3B/240M 6EAS 4242A Cv492 Cv4502 M8082 QV05.25
3B/241M F33 4313C 13201A Cv493 CV4503 M8083 V06-20
3824 6H6gncml) 4328A V117 CV4504 M8091 Y3.125A
3B28 K7GT 4687 A1834 CV808 CVv4507 M8096 Y4-250A
3829 6UBA 5544 A2087 CV1072 CVv4508 M8097 Y4-400A
3C22 6V6GT 5545 A2134 CV1076 CV5060 M8098
3C23 A2293 CV1092 Cv M8100 R10
3C24/24G | 11E3 5642 A2426 CcvI1219 CV6008 M8136 R17
3Cas 11E13 5644 A2521 CV1343 CV6045 M8137 RIS
3CX100AS | [2AY7 5651 A2900 CV1475 M8140
3E29 12B4A 5670 ACT6 CV1476 DA30 M8l141 S11E12
3J/121E 12BY7A 5672 ACTY CV1477 DA41 M8142 5130
3/160E 12E1 5676 CV1478 DA42 M8144 S130p
3¥/170E 12E14 5687 BIC IE CV1794 DA100 M8149 STV280/40
8/1505 13E1 5696 S90 CV1480 DET22 M8157 STV280/80
/195E 28D7 5702 BS156 Cv1481 M8161 SU41
29C1 5718 BTS V1482 ES5L M8162 SU42
3v/3403 53KU 5719 BT35 CV1787 E80CC M8163
3V/390A 75B1 5728/ BT45 Cv1832 E8QFC M8167 TDO03-10
3v/390B 75C1 6AS6W | BT79 CV1833 E8OF M8179 TTI1S
83Al 5726/ BT83 CV1835 ESOL M8190 TI21
4-125A 85A1 6ALS CV1994 E80T M8196 TTR3IMR
4-250A 85A2 5727/ cIC CV2 E81CC M8204 TZ40
4-400A 90AG 2D21W | CIK Cv2131 IL M8212
4B32 90AV 5749 CV5 CV2154 E82CC M8214 u17
4C35 0C 1 5750 Cv2s CV2155 E83CC M8223 u19
4CX2508 | 90CG 5751 CV26 CVv2160 E83F M8224 u27
4E27 90CV 5802 Cv28 Cv2179 E88CC M8225
4J50 95A1 5814 CV3i Cv2235 E90CC M8232 VLS631
4152 100TH 5823 Cv32 Cv2237 E9OL M8237
4J52A 15082 5840 Cv4s Cv2238 E9IH MB245 2300T
4153 15083 5963 Cv53 Cv2253 E92CC ME1400 2759
4X150A 150C1 5965 Cv73 Cv2289 E180CC ME1401 Z803U
4X150D 150C2 6005/ CV4 CV2520 EASO
4X250B 150C3 6AQ5W | CV85 Cv2522 EAS2 0A2
150C4 6021 CV118 Cv2721 EAT6 OA3
SB/251M 250TH 6057 Cvi21 CV2901 ECC35 0A4G
$B/252M 328 6058 Cvi24 CVv3523 ECF804 0B2
5B/254M 329 6059 Cvi28 Cv3929 EFSO0 OB3

VALVE ECH35 1.50 |[EZ80 0.30 | PEN45SDD | UCL83 0.70| 6CD6G 1.25| 30C15 1.00
ECH42 0.85 | EZ81 031 075 UF41 075| 6CH6 150| 30C17 1.00
AZ31 060 |ECHB] 035 |EZ90 045 | PFL200D70| UFS9 050| 6ES ~ 1.00| 30CI8 030
AZ41 0.J0 {ECHS83 050 [GY501 090 PL36 083 UL4] 085 | 6F23 090| 30F5 100
CBL31 140 |ECH84 050 |GZ30 065 (PL38 125 UL84 050| 6J5G 020 30FLI 1.00
CL33 150 [ECL80 060 |GZ32 065 PL81 055 UYsl 055| 6JSGT 0.55| 30FL14 0.9¢
CY31 060 | ECL82 042 | GZ34 076 PL82 050 UY85 045 6J7GT 045 30L15 095
DAF91 040 |ECL86 055 ([H63 090 | PL83 050 | VP4B  1.25 | 6K6GT 080 | 30L17 085
DAF96 060 |[ECLLB0OO | HL4IDD | PL84 05D | VR75/30 6K7GT 035 | 30P12 1.00
DCC90 1.35 3.50 0.70 | PLS00 0.85 055 | 6K8GT 050 | 30P19 0.5
F91 040 |EF37A 1.20 | HN309 150 | PL504 085 | VR105/30 | 6P25 250 | 30PL1 085
DF96 060 |EF39 1.25 | KT61 250 PL508 0.80 0.40 | 6Q7GT 0.43 | 30PL13 1.10
DK91 050 |EF41 075 KT66 285 PLS09 1.55 | VRIS(/30 | 6SG7M 0.50 | 30PL14 1.10
DK92 1.00 |[EFS2 1.25 | KT8I (7C5) | PL80I 1.00 045 | 6SJ7GT 0.30 | 35L6GT0.80
DK96 0.75 | EF80 0.35 1.30 | PLE02 1.00 | Y63  1.50 | 6SLIGT SwW4 060
DL92 050 |[EF85 045 | KT88 325/ PY32 083 | IRS D50 055 | 3523 080
DL94 048 |[EF86 050 | KTW6I11.50| PY33 063 | 1SS 040 | 6SNIGT 524GT0.70
DL96 055 |EF89 035 | KTW621.50 | PY81/800 | 1T4 040 855 | 50CS 070
DM70 070 ([EF91 040 | N78 350 D50 [ 384  0.50 | 6U4GT 0.5 | S0CD
DY86/7045 | EF92 050 | OA2  045| PY82 045 |3V4 085 | 6USG 150 120
DY802 047 {EF98 080 | OB2  045| PY83 D50 | SR4GY 1.00 | 6V6GT 060 | 80 0.75
EABCS0 |EF183 D40} OZ4 055| PY5S00 110 [5U4G 0b5 | 6X4 045 | 807  1.00
0.38 | EF184 040 | PC86 085/ PYS0l 055 |SV4G 060 | 6XSGT 065 | 6080  2.50
EAF42 0.70 |EH90 050 | PC88 O065| SP41 300 | 5YIGT D65 | 7B6  0B0 | 6146 250
EAF801 EL33 250 | PC900 055 SP61 0.75 | 524G 065 | 7B7  0.80 TUBES
050 | EL34 070 | PCC84 045| T4l  1.00 | 6/30L2 080 | 7C5  1.30 | 2AP1 4.0
EBC33 1.00 |EL37 250 PCCB9 055 U25 100 | 6ALS 030 |7C6  1.00 [ 3BP1 450
EBC4] 075 | EL41 090 | PCCI890.65| U2 085 | 6AQ5 050 | 7H7 080 | 3DP1A 4.00
EBC81 040 | EL42 1.5 | PCF80 040| U191 075 | 6AS7 100|787 226 | 3EGI 800
EBF80 040 | EL84 035 | PCF86 0.65| U404 075 | 6AT6 060 | 7vy4 080 | 3JFP7 200
EBF83 040 (EL91 1.00 | PCF8010.560| USD1 1.8 | 6AUS 040 | 12AC6 080 | 3GP1 500
EBF89 0.32 | EL95 0.60 | PCF8020.55| UABC 6AV6 050 | 12AD6 080 | SBP1 500
EBL31 2.00 | EL360 1.80 | PCF8050.90 40 | 6BA6 038 | 12AE6 075 | SCP1 5.00
ECC40 1.00 | ELL80 2.00 | PCF8060.80 | UAF42 0.75 | 6BE6 045 | 12AT6 045 | SFP7 800
ECC8] 045 | EMB0 g5 | PCF8080.90 | UBC41 060 | 6BH6 0.5 | 12AT7 045 | 88D 1500
ECC82 038 | EM81 080 | PCL82 D45/ UBF80 050 [ 6BJ6 075 { 12AU6 050 | CV429 2750
ECC83 0.38 | EM84 060 | PCL83 070| UBF89 0.50 | 6BQ7A 0.55 | 12AU7 038 | DG7-5 8.00
ECC85 045 |EY51 D45 | PCL84 050 UCCSS 050 | 6BR7 120 | 12AX7 038 | VCR138
ECCS88 0.50 | EYS86 045 | PCL85 0.60! UCH42 080 | 6BW6 1.00 | 12BA6 0.50 10,00
CFR0 045 | EZ40 050 | PCL86 D50 UCHSI 050 | 6BW7 100 | 12BE6 060 | VCRI39A
ECF82 045 |EZ41 075 | PDSO0 1.50| UCL82 040 | 6C4  0.40 | 12BH7 0.60 8.00
TRANS'STDRS&'CS 2N697 016 3N141  0.81|SN7476 045
2N706 012 [ 40360 0.0 | SN7480 (.80
AA119 BF179 033 D.20 [ 2N706A 0.2 | 40361 045 { SN7482  0.87
AAZ13 n.tz BFI80 038 oc45 020 |2N113]1 02540362 040 | SN7483 1.20
AAZ15 010 | BFI81  035(OC71  018]2N1132 024 | 40430 085 7 1.00
AC107 051 | BF194 030]OC72  028/2N1302 018 |SN7400 018 | SN7486 047
ACI26 025 | BFI95 013|OC76  0.30(2N1303 018 | SN7401 0.18 | SN7490 0.55
ACI127 025 | BF197 016|0C77  054|2N1304 028 | SN7402 0.8 | SN7491AN
ACI28 020 | BF200 032 | OC81 029 2N130S 022 | SN7403 0.8 110
AC176 025 | BFS61 025 | OC8ID 0.28  2N1306 0.28 | SN74 .26 [ SN7492 070
ACIB7 021 | BFS98 025 |OC81Z 045|2N1307 028 | SN7405 0.20]SN7493 0.70
ACIS8 020 | BFX29 028 |OC83 027 |2N1308 028 | SN7406 040 | SN7494 0.80
ACY2l 022 | BFX88 024 OCI140 100 2N1309 030 | SN7407 040 | SN7495 0.80
ACY39 078 | BFYS0 021 [OC170 030 |2N1613 021 | SN7408 028 | SN7496 100
AD140 050 | BFY5] 020[OC17]  030(|2NI614 045 | SN7409 028 | SN7497 387
ADI49 050 | BFYS2 020 [OC200 055 | 2N2147 0.5 | SN7410 0.6 | SN74100 189
AD161 044 | BFW10 061 [OC201 080 | 2N2160 D78 | SN7411 025 | SN74107 051
AD162 044 | BY100 027 |OC202 030 | 2N2369A 018 | SN7412 030 | SN74110 0.58
AF11S 025 | BY126 014 |[OC203 055 [ 2N2646 050 [ SN7413 036 | SN74111 086
AF116 025 | BY127 012 [OCP71 120 | 2N2904 0.20 | SN7416 0.36 | SN74118 100
AF117 028 | BZX61 series | ORP12  0.60 | 2N2904A 0.25 | SN7417 036 | SN74119 158
AF186 048 020 |ORP60 055 | 2N2905 032 [ SN7420 0.6 | SN74121 0.57
AF239 044 | BZYS8 series |TI005 020 | 2N290SA 025 | SN7422 025 | SN74122 0.70
ASY27 033 010 | TIC44 029 2N2906 020 | SN7423 037 | SN74123 1.00
ASY28 025 | CRSI-05 0.30 |TIC226D 1.50 | 2N2926 0.2 | SN7425 037 | SN74141 030
BA102 025 | CRS1-40 045 |TIL209 020 [ 2N3053 018 | SN7427 037 | SN74145 1.26
BAILS 0.0 | CRS3-05 040 [2TX107 012 2N3055 045 | SN7428 0.40 74150 1.75
BCI07 014 | CRS3-40 0.75 |ZTX108 08! 2N3525 081 | SN7430 016 | SN74151 1.00
BCI08 013 | MJE340 047 [ZTX300 013 [ 2N3614 065 | SN7432 037 | SN74154 200
BCI09 034 | MIE370 068 (ZTX301 0.)4| 2N3615 085 | SN7433 037 [SN74155 115
BC1i3 015 | MJE520 063 [ZTX302 018 | 2N3702 0.1 | SN7437 037 [ SN74156 1.15
BCI17 021 | MJE2955 1.27 [ZTX304 024| 2N3703 012 | SN7438 037 [ SN74157 085
BCI43 030 | MJE3055 0.77 ZTX500 015| 2N3704 0.14 | SN7440 0.20 [ SN74170 2582
BC147 010 | MPFI102 040 [ZTX501 015| 2N3705 0.16 | SN7441AN | SN74174 157
BC148 08 | MPFI03 035 |ZTXS503 016 | 2N3706 0.1 092 110
BC169C 015 | MPF104 035 |ZTX531 025 2N3707 0.3 | SN7442 126
182 012 | MPFI0S 036 ZTX550 0.18| 2N3708 007 200
BC182L 012 | NKT404 066 [IN914 008 | 2N3709 0.10 200
BCI8L 0.13 | OAS 072 |IN40O!  0.06 | 2N3710 0.1 2.00
BCY32 085 | OAI0 040 [IN4002 07| 2N3711 o011 200
BCY33 038 [ OA79 010 [IN4003 08| 2N3819 . 130
BCY34 045 | OAB] 018 [IN4004 05| 2N3820 O. 1.10
BCY70 018 | OA91 07 |IN4005 0.10) 2N3823 050 120
BCY7] 022 | QA200 008 [IN40O6 012 | 2N3903 0.15 120
BCY72 015 | OA202  0.06 [IN40O7 012 2N3964 0.20 SN74198 277
BCZIl 065 | OCI6 100 |IN40O9 008 2N3905 025 | SN7457 059 |SN74199 252
BDI21 100 [ QC20 200 [IN4148 0.06 | 2N3%06 0.25 IMI125
BDI24 085 | OC23 125 IS921 007 | 2N4058 015 1151 £2.00
BDI3] 042 | OC25 040 1S2033  020| 2N4059 010 B
BDI132 0501 OC28 056 [IS2051A 020 | 2N4060 013 -
BFIIS 020 | OC35 055 IS2100A 020 2N4061 013 | DIL 14 pin 15p
BF167 025 | OC36 065 [IS3010 0.25| 2N4062 0.4 h
BFI73 028 | OC42 040 |2N696 015| 2N4280 030 SOCKETS 16 pin 17p

8% to be added

t

THIS MONTH'S

® OSCILLOSCOPE TUBES
TYPE DG 7-5, VCR139A
Price £8.00n & p 25p

SPECIAL OFFER

VAT

o all orders
including
POSTAGE!

Terms of Business:

Prices correct when going to press.

Mon. To Sat. Open to callers 9 a.m. to 5 p.m. Closed Sat. 1 p.m. to 3 p.m. Express postage 6p for one valve, 2p each additional valve.
Express postage: 5p for one transistor, and 1p for each additional. Over 10 post free. All orders over £5 post free. (Full valve avail S.A.E.)

bility list on req

STEREO IC DECODER

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

MOTOROLA MC1310P EX STOCK DELIVERY
SPECIFICATION
Separation: 40dB 50Hz-15kHz.
I/P level : 560mV rms Q/P level: 485mV 1ms per channel.
Input impedance : 50kQ. Power requirements: B-16V at 16mA
Will drive up to 75mA stereo ‘on’ lamp or LED.

Distortion : 0-3%

KIT COMPRISES FIBREGLASS PCB ONLY WHY PAY
(Roller tinned), Resistoss, I.C., Capacitors, 3_9 MORE?
Preset Potm. & Comprehensive Instruclions £ 8 post free,
LIGHT EMITTING DIODE RED 29p
Suitable as stereo ‘on’ indicator for above GREEN 59p

MC1310P only £3-15 plus p.p. 6p

NOTE
As the supplier of the first MC1310P decoder kit, of which we have sold literally thousands,
our customers can benefit from cur wide experience.

V.A.T.
Please add V.A.T. at 8% to all prices

FI-COMP ELECTRONICS
BURTON ROAD, EGGINTON, DERBY, DE6 6GY

QUADROPHONIC
TAPE PLAYERS

Brenell Mark V Serles lll Tape Decks mounted on Imhof Case IMP503/1915
size 21 in. wide x 19 in. front to back and 10 In. high overall Including deck. This
rugged unit can be purchased separately or fitted with the amplifiers described
below. Others are availabie giving up to elght tracks. Price from £118

Playback Pre-amplifiers
A self-powered unit size 19 in. x 5} in. x 4} In. deep with four plug-in low nolse
preamplifiers giving 1V output Into 100 ohm line. Price £32

Power Amplifiers

A complete amplifier size 7 In. x 10% in. x 4 in. high with four plug-in power
amplifiers each giving 8W RMS into 8 ohms from TIP31/32 output stage. 30V
supply. Price £37

Quad

Tax and carriage extra

Ask about tape conirolled teaching equipment, with Illuminated panel display, for
typewriting and playing the piano or organ.

DEIMOS LIMITED
Simmonds Road, Wincheap Industrial Estate,
Canterbury, Kent.

Tel: 0227 68597

www americanradiohistorv com
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VARIABLE VOLTAGE TRANSFORMERS
INPUT 230 v. A.C. 50/60
OUTPUT VARIABLE 0/260 v. A.C.
BRAND NEW. All types.

Carriage extra

- 200W (1 Amp}  ........... £9.00
0-5 KVA (Max. 2} Amp) ... £10-00

} 1 KVA (Max.5 p) ....£1470

] 2 KVA (Max.10 Amp) ... £2810

3 KVA (Max. 15 Amp)} _..f£31.25

4 KVA (Max. 20 Amp) ...£72.50

(Max. 37.5 Amp) . £102.50
1 Amp OPEN TYPE
{Panel Mounting)

300 VA ISOLATING TRANSFORMER
115/230-230/230 volts. Screened. Primary two separate 0-115
voits for 115 or 230 voits. Secondary two 115 volts at 150 VA
each for 115 or 230 volts output. Can be used in series or parallel
connections. Fully tropicalised. Length 13.5 cm. Width 11 cm.
Height 13.6 cm. Weight 15 Ib. SPECIAL OFFER PRICE Only
£5.00. Carr. 80p.

LT TRANSFORMERS

0.10,17. 18 volt @ 10 amp. £7.90 Post 60p.

0. 6. 12 volt @ 20 amp. £9.00 Post 60p.

0. 12. 24 voit (g) 10 amp. £9.20 Post 60p.

0,6,12,17, 18, 20 voit @ 20 amp. £10.40 Post 60p.
Other types to order at short notice— Phone your enquiries.

AUTO TRANSFORMERS

Step up step down 0-115/200/220/240 vots.

At 75 watt £2.64 Post 36p. 150 watt £3.18 Post 36p. 300 watt

ge.zgor’ost 50p. 500 watt £9.20 Post 65p. 1000 watt £12.00
0st BOp.

'GENTS’ 6” ALARM BELL

200/250 volt AC/DC. Brand New. Price: e
£5-00 Post 60p. {llustrated)

‘STC' 6” REO ALARM BELL J

8rand New. Price: £4-00 Post 50p. 24/48V OC.

VENNER TIME SWITCH

TYPE MSQP

200/250 Volt 2-ONj2-OFF every 24 hours at any
manually pre-set time. 20 amp contacts. Fitted
die-cast case. Tested and in good condition
£4-75 Post 25p.

A.C. MAINS
TIMER UNIT

Based on an electric clock. with 25 amp.
single-pole switch. which can be preset for
any period up to 12 hrs. ahead to switch
on for any length of time. from 10 mins. to 6
hrs. then switch off. An additional 60 min. audible timer is also
incorporated. ideal for Tape Recorders, Lights, Elactric Blankets.
etc. Attractive satin copper finish. Size 135 mm X 130 mm X
60 mm. Price £2-00. Post 20p. (Total inc. VAT & Post £2.38).

BENDIX MAGNETIC CLUTCH

A superb example of Electro-mechanics!
The main body is in two sections. The coil
section is fixed and has a {in. sleeve. The
drive section rotating on the outer peri-
meters. The uniting plate has §in. ID
bearing concentric with main section and
1B-tooth cog wheel. When energized
transmission is extremely powerful, 24V
d.c. at 240 MA. OUR PRICE JUST £2.50.
Post 30p.

VERY SPECIAL OFFER 18s 3

Miniature Roller Micro Switch. 5 amp.

c/o contacts. NEW. Price 10 for £1.50.

Post 10p. (Min order 10.}

As above less roller/leaver 20 for £2-00. Post 10p. (Min. order 20.)
Ditto. Press to make. 20 for £1-50 Post 10p.

Ditto. Press to break. 20 for £1-50 Post 10p.

240V A.C. SOLENOID OPERATED
FLUID VALVE

Rated ‘IJ).s.i, will handle up to 7 p.s.i. Forged
brass body, stainiess steel core and spring. } in. =
b.s.p. inlet/outlet. Precison made. British mfg. ©’ 4
PRICE: £2.00. Post 25p. NEW original packing.

2
catosw

COIN MECHANISM (Ex-London Transport)

Unit containing. selector mechanism for 1p, 2p & 5p coins.
Micro switches. relays. solenoid-operated hopper. 24 volt D.C.
Precision built to high standard. Incredible VALUE at only
£2.50 Post 60p.

230-250 VOLTA.C. SOLENOID
Simitar  in  appearance to illustration.
Approximately lr Ib. puil. Size of feet 1§ X
134" Price £1-00 Post 15p.

24 VOLT DC SOLENOIDS

UNIT containing: 1 heavy duty solenoid approx. 25 Ib. pull
at 1in. travel. 2 solenoids ot approx. 1 Ib. pull at § in. travel,
6 solenolds of approx. 4 oz. pull at § in. travel. Plus 124V D.C.
1 heavy duty 1 make relay. Price: £2.50. Post 60p. ABSOLUTE

BARGAIN.
‘&‘ =

LED READOUTS
ALL MAIL ORDERS; -ALSO CALLERS AT:

7 series I/h DP {” high characters. 14-pin D.C.L.
Available in red or green. £1.85, post 10p: 4 for
£6-00 post paid.

CHISWICK, -
LONDON, W4 5BB. Phone: 01:995 1560
Closed Saturdays.

57 BRIDGMAN- ROAD,

SERVICE TRADING CO
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FOUR EASY TO BUILD KITS USING XENON

LIGHT FLASH TUBES, SOLID STATE TIMING +
TRIGGERING CIRCUITS, PROVISION FOR EX-
TERNAL TRIGGERING. 230-250v. A.C. OPERATION.
EXPERIMENTERS “ECONOMY" KIT

Adjustable 1 to 30 Flash per sec. All electronic com-
ponents including Xenon Tube + instructions £6:30.
Post 30p.

INDUSTRIAL KIT

|deally suitable for schools, laboratories etc. Roller
tin printed circuit. Adjustable 1-80 {.p.s., approx. }
output of Hy-Lyght. Price £14-00. Post 50p.

HY-LITE STROBE Mk IV

Designed for use In large rooms, halls and utillzes a
sttica tube, printed circuit. Speed adjustable 1-20 f.p.s.
Light output greater than many (so called 4 Joule)
strobes. Price £14-00. Post 50p.

‘SUPER' HY-LIGHT KIT

Approx. 4 times the light output of our well proven
Hy-Lyght strobe.

Variable speed from 1-13 filash per sec.
Reactor control circuit producing an
fight. ONLY £22.00. Post 75p.
ATTRACTIVE, ROBUST, FULLY VENTILATED
METAL CASE for the Super Hy-Ly@ht Kit inciuding
reflector. £8-00. Post 60p.

S22 ET R P E VT TSP T ST T TS T T o

intense white

FOR HY-LYGHT STROBE incl. reflector, £575.
Post 25p.
:***************************
+ COLOUR WHEEL PROJECTOR b
X Complete with oil filled X
# colour wheel. 100 watt lamp. X
% 200/240V AC. Features ex- x
* tremely efficient optical *
: system. £20-50. Post 50p. :
* | R.P.M. MOTOR and ho
* COLOUR WHEEL . X
* 200/240 volt AC. 1 rp.m. motor. and wheel £5.60. X
#*  Post 40p. {(Motor not available separately. x
: g INCH COLOUR WHEEL ONLY. Price £4.50. Post :
Op
%5 S de Ak ok koo ok ok ok ko ok ok ok *****:
¥ BIG BLACK LIGHT ¥
400 Watt.  Mercury vapour uitra violet lamp. e
* Extremely compact and powerful source of u.wv. X
% nnumerable industrial applications also ideal for
* stage, display, discos etc. P.F. ballast is essential ¥
* wilﬁ these bulbs. Price of matched ballast and bulb
% £16-00. Post £1. Spare bulb £7-00. Post 40p.
*okkkkhkkhkkhkkhkhkkhkkhhhkhhhkhhd ¥
* BLACK LIGHT FLUORESCENT U.V. TUBES *
% aft. 40 watt. Price £5-50. (Callers only). 2ft. 20 watt ¥
* £4.25. Post 25p. (For use in stan bi-pin fittings.} MINI %
% 12in. 8 watt £1.60. Post 15p. 9in. 6 watt £1.30. Post X
% 15p. Complete ballast unit and hoiders for either 9" or %
% 12"tube. £1-70.Post 25p. (9in. x 12in. measuresapprox.) -«

13 8283222282323 22 YT LTEE R
U.D.1. SINGLE CHANNEL. 750 watt &
MANUAL/AUTO DIMMER *

750W Solid State Fader. with three functions. Manual
fade: Auto fade-up: Auto fade-down. Automatic

R 3

L 3

-

position’ ‘rocker switch. Two ranges of c cling for *
‘Flashing’ or "Slow blending’. Ready built module 6 x 3~ %
glass fibre board incorporating 10 amp TRIAC. Two or &
more modules for top quality colour x
flashing effects. PRICE £15-00 Post 30p. +«
+*

L2 282828 8ss2ds22 222222232220

blending and

*
»*
»*
»*
»*
*
: cycling up and down. Functions selected with ‘three
»*
*
*
*
*

RHEOSTATS

New ceramic construc!io;v. vitreou s
enamel embedded winding, heavy duty
brush assembly, continuously rated.

25 WATT 10. 25, 100. 150, 500. 1k ohm, £1.70 Post 10p.
50 WATT 1.5. 10, 25. 50. 100. 500 ohm £2.10. Post 10p.
100 WATT 1/10/25/50/100/250/500/1k/1-5k/2-5k/5k ohm
£3.30. Post 15p.

Black SilverSkirted knob calibrated in Nos. 1-9. 1}
in. dia brass bush. ldeal for above Rheostats, 22p ea.

GENERAL ELECTRIC POWERGLAS TRIACS
10 amp. Giass passivated plastic Triac. Latest device from
U.S.A. Long term reliability. Type SC 146E 10 amp. 500PIV.
£1.00. Post 5p. (Inclusive of data and application sheet) suitable
Diac 18p.

INSULATION TESTERS (NEW)
Test to LE.E. Spec. Rugged metal con-
struction, sultable for bench or fleld
wark, constant speed clutch. Slze L. 8 in.,
W. 4 in., H. 6 in., weight 6 Ib.

500 VOLTS, 500 megohms £28:00. Post
60p. 1,000 VOLTS, 1,000 megohms
£34-00, Post 60p.

All prices
are subject to

8% VAT.

] {8p in the £)

To ‘all .orders add 8% VAT to total

value of goods including carriage/
packaging.

SERVICE TRADING CO.

SHOWROOMS NOW OPEN
AMPLE PABKING

www americanradiohistorv com

INSULATED TERMINALS
Available in black. red, white,
yeliow. blue and green. New 12p

RELAYS

SIEMENS PLESSEY, etc.
MlNlA;URE RgLAYS
1

4
52 48 2c/o 70p 700 16-24 4M2B 60p*
58 59 6c¢o 80p 700 16-24 4c/o 80p*
185 8-12 6M BOp* 2500 36-45 6 M 60p~
230 9-18 2c/o 70p 2500 31-43 2¢/0HO 60p*
308 9-14 4c/o 75p* 9000 40-70 2c/o  60p*
430 15-244c/o 80p 15k 85-110 6 M 60p

(1) Coll ohnis; (2) Working d.c. volts: (3) Coniacts; (4)
Price HD=Heavy Duty. All Post Pald. (*including Base)

OPEN TYPE RELAYS
6 VOLT D.C.1 make con. 35p. Post 10p.
9VOLT D.C. RELAY

3 ¢/o B amp contacts. 70 ohm coil 75p. Post 10p.

12 VOLT D.C. RELAY

3 c/o 5 amp contacts 120 ohm coil 75p. Post 10p.

24 VOLT D.C. 3 c/o 600 ohm coil 75p. Post 10p.
2 HD ¢/o 700 ohm coil 75p. Post 10p.

4 ¢/o 300 ohm coil 85p. Post 10p.

100 VOLT A.C.

2 c/o sealed type. octal base 75p_Post 10p. .
ENCLOgEﬁ TYPE RELAYS

24 VOLT D.C. 3h.d. /o contacts 95p. Post 10p.

11 pin base 15p extra

24 VOLTA.C. Mfg. by ITT. 2 h.d. ¢/o contacts. 55p.
Post 10p. 3 h.d. ¢/o 65p. Post 10p.

240 VOLT A.C. RELAY ITT

240V, A.C. heavy duty 3 ¢/o contacts.

Price 76p. Post 10p. Octal base 15p extra.

220/240 VOLT AC RELAY )

3 ¢/o 5 amp cont. Sealed. £1.25. Post 10p. 11 pin base 15p
extra.

ARROW 230/240V AC 215 amp contacts.

Amp connectors. £1-00 Post 10p.
110 VOLT A.C. 2 c/o. 20 amp. £1-25 Post 10p.
CLARE-ELLIOT Type RP 7641 G8 -

Miniature relay. 675 ohm coil. 24 volt D.C. 2 ¢/o. 70p. P.P.
MANY OTHERS FROM STOCK. PHONE FOR DETAILS.

BLOWER UNIT

200-240 Volt A.C. BLOWER UNIT
Precislon German built. Dynamically
balanced, quiet, contlnuously rated,
reversible motor. Consumption 60mA.
Size 120mm. cia. x 60mm. deep.

Price £3-00. Post 300.

PRECISION CENTRIFUGAL BLOWER

Mfg. Airflow Developments Ltd., Heavy Duty,
continuously rated, smooth running. 230/240v
A.C. motor. Size: 16 X 14 cm. (case only).
OAL 15 cm. Aperture 6 X 6 cm. £6.50.
Post 50p.

230/240 VOLT A.C. EXTRACTOR FAN KIT £

Comprising of impeiler, continuously rated motor.
motor housing and fixings as illustrated. Price
£1.75. Post 25p. (Total inc. VAT & Post £2.16.)

230V FAN ASSEMBLY

Continuously rated, removable aluminium
blades. Price £1-00. Post 20p.

20 rp.m. GEARED MOTOR

230/240 voit 20 r.p.m. motor. £1.00 Post 10p.

9/12 VOLT DC GOVERNED
REVERSIBLE MOTOR

Machine-cut gear train, giving final speed of
2 r.p.m.. with cam driving 3 sub-miniature
micro-switches (removable). Spindle 12mm
long, 6mm dia. Built to PO spec., in heavy
metal hinged case. £3.75 Post 25p.

BODINE TYPE N.C.I.
GEARED MOTOR

(Type 1) 71 r.p.m. torque 10 Ib. in.
Reversible 1/70th h.p. cycle -38 amp.
(Type 2) 28 r.g.m, torque 20 Ib. in. 3
Reversible 1/80th h.p. 50 cycie 28 amp. The above two
precision made U.S.A. motors are offered in ‘as new
condition. Input voltage of motor 115v A.C. Supplied com-
plete with transiormer for 230/240v A.C. input.

Price. either type £6.25 Post 50p. or less transformer £3.75
Post 40p.

These motors are ideal for rotating aerials. drawing curtains.
display stands. vending machines. etc. etc.

‘FRACMO'240VOLTA.C.
50 cycle SINGLE PHASE
GEARED MOTOR

33 rp.m. 30 Ib. ins. Reversible. fitted

with  mounting feet. Brand New.
£1400 Post 60p. {(Total price
inch. VAT £15-77) 3

| 600 WATT DIMMER SWITCH

a | Easily fitted. Fuily guaranteed by makers. Will
control up to 600 watts of all lighting except fluor-
escent at mains voltage. Complete with simple
instructions. £2.75. Post 25p.

2000 WATT POWER CONTROL

For Power tools, Heating. Lighting etc. incorporating 13 amp.

outlet and mains lead. £8-00 gost 27p.

METERS NEW! 2}in. FLUSH ROUND
available as D.C. Amps 1,5, 10, 15 or A.C. Amps
1.5, 10, 15, 20. Both types £2-00. Post 15p.
VOLTMETER 0-300V. A.C. £2-00. Post 15p.

PERSONAL CALLERS ONLY

9 LITTLE NEWPORT STREET,
LONDON, WC2H 74J.
Tel.: 01-437 0576
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EX-COMPUTER STABILISED
POWER MODULES
complete  with  circuit
99p each 22p p & p.
LOW COST CAPACITORS
-01 uF 400V 3p each 3p each
500 uF 50V Elect. 10p each

FIBRE-GLASS PRINTED

CIRCUIT BOARDS
16} x 4° approx. 2 for 56p

DECON-DALO 33pC Marker
Etch resistant printed circuit marker pen
99p each

diagrams, etc.

De Luxe Groov-Kleen
Model 42 £1-95

Chrome Finish
Model 60 £1:50

Ref. 36A. Record/Stylua Cleaning Kit 33p
Ref. 43. Record Care Kit £2-42

Ref. 31. Cassette Head Cleaner 88p

Ref. 32. Tape editiog Kit £1-68

Model 9. Wire 8tripper/Cutter 93p

BIB HI-FI ACCESSORIES

Ref. B. 8tylus and Turntable Cleaning Kit 34p

Ret. P. Hi-Fi Cleaner 31p

Ref. 32A, 8tylus Balance £1-37

Ref. J. Tape Head Cleaning Kit 62p
Ref. 56. HI-Fi 8tereo Hints & Tips 42p

VEROBOARDS
Packa containing approx., 50sq. ins. various
-sizes, all 0-1 matric 869

REPANCO CHOKES & COILS
RF Chokes
CHL1. 2-5mH 29p CH2. 5-0mH 30p
CHS. 7-5mH 3lp CH4.10mH 33p
CH3. 1-bmH 28p

COILS
DRX1 Crystal set 31p DRR2 Dual range 45p
COIL FORMERS & CORES

NORMAN }” Cores & Formera 8p
$° Cores & Formers 10p

SWITCHES
DP/DT Toggle 36p SP/8T Toggle 30p

FUSES
1}* and 20mm, 100mA, 200mA, 250mA,
500mA, 14, 1-5A, 24 QUICK-BLOW 5p ea.

EARPHONES

Crystal 2-5mm plug 42p
Crystal 3-5mm plug 42p
8 ohma 2-5mm plug 22p
8 ohms 3-5mm plug 22p

DYNAMIC MICROPHONES
B1223. 200 ohms plus on/off switch and
2-5mm and 3-5mm plugs £1-85

ANTEX SOLDERING IRONS
X25. 25 watt 22-05

CCN 240. 15 watt £2-48

Model G. 18 watt £2-26

8K2. Soldering Kit £3-25

STANDS: 8T1 £1

SOLDER: 138WG Multicore 70z £1.61
228WG 7oz £1-61. 188WG 221t 81p

228W@G Tube 33p

ANTEX BITS and ELEMENTS
Bits No.

102 For model CN240 &~ 42p
104 For mode! CN240 %~ 42p
1100 For model CCN240 " 42p
1101 For model CCN240 §* 42p
1102 For model CCN240 }* 42p
1020 For model G240 2" 42p
1021 For model G240 §” 42p
1022 For model G240 &~ 42+
50 For model X25 4 48p
51 For model X25 §* 48p
52 For model X25 &* 48p
ELEMENTS
ECN 240 £1-30 ECCN 240 #1-32

EG 240 2107 EX 25 £118
ANTEX HEAT SINKS 10p

3-WAY STEREO HEAD-
PHONE JUNCTION BOX

H1012 2187
2-WAY CROSSOVER
NETWORK

K4007. 80 ohms Imp. Insertion loss 3dB £1-21

TRANSISTOR EQUIVALENT
BOOK
9th EDITION

256 pages of cross references and equivalents
for Luropean, American and Japanese
transistors. Approximately 9,000 {ypes with
more than 056,000 substitutes have heen
.ncluded. The tables were compiled with the
utmost care from manufacturers own
specification. The most comprehensive
Equivalents Book on the market today!

ONLY £2-30
INSTRUMENT CASES

(Black Vinyl covered)

No. Length Width Height Price
BV1 & X 5" x 2" £1.35
BYVZ2 11" x 67 x 3" £1.75
ALUMINIUM BOXES

BAL 5} x 22 X 1§ 49p
BA2 47 X 47 X 1f 49p
BA3 4 X 21 x 13 49p
BA4 5}" X 4 x 1 58p
BA5 47 X 28 x 2 4gp
BAG 3 X 2 X 1° 4gp
BA7 77 X 5 X 2§” 85p
BAS 87 X 6 b3 3° £1.10
RAY 67 x 47 x 7

p & p 15p on each box

V A T lncluded in all prices. Please add
10p P. & P. (U.K. only). Overseas orders—
please add extra for postage.

NEW COMPONENT PAK
BARGAINS

Pack
No. Qty.
C1 200

Description Price
Resistors mixed values appmx
count by weight 54

C2 150 Capacitors mixed values appmx
count by weight 0-54

C3 50  Precision Resistors mlxed values
<% 054

C4 75 ith W Reristors mixed preferred
values 0.-54

C5 5  Pieces assorted Perrite Rods 0.54
cé 2 Tuning Gangs, MW/LW VHFO-54
C7 1 Pack Wire 50 metres assorted
colours 0-54

C8 10  Reed Bwitches 0-54
ce 3 Micro switches 0.54
C1015  Assorted Pota & Pre-Sets  0.54
Cll 5 Jack Sockets 3 X 35m 2 X
Btandard Bwitch Type 0-54

C12 30  Paper Condensers preferred types
mixed valued 0.54

C1320  Electrolytics Trans. types (.54

C14 1  Pack assorted Hardware—

Nuts/Bolts, Grommets etc. 0-54
C15 5 Maine Slide 8witches, 2 Amp 0-54
C16 20  Assorted Tag Btrips & Panels 0-54
C17 10  Assorted Control Knobs 0-54
C18 4  Rotssy Wave Change Switches0-54
c19 2 Relays 8-24V Operating 054
c20 1 Sheet,s Copper Laminate approx.
< 0-64

c21 2 Flbreglam printed circnit I)oa.r.ls

1684 % 4““ approx. 0.5
Please add 10p post and packing
on all component packs, plus a
further 10p on pack Nos. Cl, C2,

C1¢, C20 & C21.

PLEASE NOTE: ALL OUR PRICES INCLUDE V.A.T.
AMTRON KITS

Model No. Price
UE85  Simple transistor tester £1.79
UK145 Amplifier 1- 5W £5-14
UK220 Signal Injec £3-53
UK230 AM/FM Antemm Amplifier £3-35
UE275 Mike Pre-amplifier £7-38
UK300 4-channel Radio Control Transmitter £7-80
UK310 Radio Control Receiver £3-60
UK325 'GCX?’ Chanuel splitting unit 1,000 & 2.000 Hz £9:75
UK330 ‘GCX2’ Channel splitting unit 1,600 & 2,500 Hz £9-75
UK345 BSuperhetrodyne Radlo Control Receiver £7-25
UK5256 VHF Tuner 120 to 160 MHz £12-46
UKS555 Radio Control Field Strength Meter £7-25
UK705 Windscreen Wiper timer £7-33
UK710 4-Channel AF mixer £11-86
UK?780 Electronice Unit for Metal Detector £12.89
UK83% Guitar pre-amplifier £5-37
UES8?5 Capacitive D Electronic Ignition for Int 1C Engines £14-47

VISIT OUR COMPONENT SHOP

18 BALDOCK ST., WARE, HERTS. (A10)
Open Mon.-Sat. 9-5.30 p.m Tel. 61593

PLUGS

PS 1D.LN. 2 Pin (S8peaker) 011
P8 2 D.I.N. 3 Pin 012
PS8 3D.ILN, 4 Pin 015
P8 4 D.I.N. 5 Pln 180° 0-18
P8 5 D.LN. 5 Pin 240° 0-16
P8 8 D.L.N,. 6 Pin 017
P8 7 D.L.N.7 Pin 018
P8 8 Jack 2-5mm Screened 018
P8 9 Jack 3-5mm Plastic 0-12
P8 10 Jack 3-5mm Screened 018
P8 11 Jack {* Plastic 015
P8 12 Jack 1" Screened 0-22
P8 13 Jack 8tereo Screened 0-38
PS 14 Phono 0-10
P8 15 Car Aerial 0-22
P8 16 Co-Axial 015
INLINE SOCKETS

P8 21 D.I.N. 2 Pin (8peaker) 014
P8 22 D.LN. 3 Pin 0-20
PS 23 D.IN. 5 Pin 180° 0-20
P8 24 D.I.N. 5 Pin 240° 0.20
P8 25 Jack 2.5mm Plastic 0.18
P8 26 Jack 3.6mm Plastic 0.16
P8 27 Jack §” Plastic 0.30
P8 28 Jack }” 8creened 0.35
PS 29 Jack Btereo Plastic 0.30
P8 30 Jack Btereo Soreened 0.38
PS3 31 Phono Screened 0.18
P8 32 Car Aerial 0.22
P8 33 Co-Axial 0.22
SOCKETS

P8 35 D.LN. 2 Pin (Speaker) 008
P8 36 D.ILN. 3 Pin 0.11
P8 37 D.I.N. 5 Pin 180° 0.11
P8 38 D.I.N. 6 Pin 240° 011
P8 39 Jack 2-5mm 8witched 0-12
PB 40 Jack 3-5mm Switched 012
P8 41 Jack " Switched 0-20
PS 42 Jack Stereo 8witched 0-30
P8 43 Phono 8ingle 0-18
PS8 44 Phono Double 0-10
P8 46 Co-Axlal Burface 0-10
P8 47 Co-Axial Flush 0-20

LEADS
L8 1 Speaker iead 2 pin D.LN. plug to open

ends approx. 3 metres long (coded) 0-20
CABLES
CP 1 Bingle Lapped 8creen 0-07
CP 2 Twin Common Screen 011
CP 3 Stereo Screened 0-12
CP 4 Four Core Common Screen 0-23
CP 5 FourCore Individually Bereened 0-30
CP 6 Micropbone Fully Braided Cable 0-10
CP 7 Three Core Mains Cable 0-09
CP 8 Twin Oval Mains Cable 007
CP 9 Speaker Cable 0-05
CP 10 Low Loss Co-Axial 015
CARBON
POTENTIOMETERS
Log and Lin
4-7K, 10K, 22K, 47K, 100K, 220K, 470K,
1M, 2M
VC1 8ingle Less Bwitch 015
VC2 Single D.P. 8witch 0-28
VC3 Tandem Less Switch 0-48
VC4 1K Lin Less 8witch 015
VC5 100K Log anti-Log 0-46
HORIZONTAL CARBON
PRESETS
01 watt 006 each

100, 220, 470, 1K, 2-2K, 4-7K, 10K, 22K,
47K, 100K, 220K, 470K, 1M, 2M, 4-7M

SELENIUM BRIDGE
RECTIFIERS
18V. 2A. Ideal for those building battery,
chargers. 15p each. 10 for 55p

REPANCO TRANSFORMERS
240V. Primary. Becondary voltages available
from selected tappings 4V, 7V, 8V, 10V,
14V, 16V, 17V, 19V, 21V, 25V, 31V, 33Ve
40V, 60V, and 25V-0-25V.

Type Amps Price P4P
MT50/% + £1-93 46p
MT50/1 1 £2-42 48p
MT50/2 2 £3-30 60p
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The largest selection

in every Pak
ONLY

WORLD SCOOP!
JUMBO SEMICONDUCTOR PACK

Transistors-Germ and Silicon

Rectifiers-Diodes-Triacs-Thyristors

I,C's and Zenners ALL NEW AND CODED
APPROX 100 PIECES!

Offering the ‘amateur a fantastic bargain Pak and
an enormous saving—identification and data sheet

£2 p &p30p

MAMMOTH 1.C. PAK

APPROX. 200 PIECES
Assorted fall-out integrated circuits including: Logic,
74 Series, Linear, Audio and D.T.L. Many coded
devices but some unmarked—you to identify.
OUR SPECIAL PRICE
£1.25 including V.A.T. & p. & p.

SPECIAL PURCHASE by BI-PAK
2N3055. Silicon Power

Famous manufacturers out-of-spec devices free from
open and shortdefects—every one able | 115 watts TO3.

Metal Case.

Transistors NPN

OUR SPECIAL PRICE 8 for £1.

8-TRACK CART CASES
Holds 14, 13 6” £1-9
Holds 24. 134" x 8” « 63" £2 70.
Both with lock and handle.

BOOK BARGAIN
BUNDLE

8 Books comprising:

CASSETTE CASES £1-30
Holds 12. 107 x 33" X 57 Lock & Handle

SOLVE THOSE STICKY
PROBLEMS!
with

CYANOAGRYLATE C2 ADHESIVE

wonder bond which works in
seconds—bond plastic. rubber. transistors.
components permanently. immediately|

OUR PRICE ONLY 54p
for 2gm phial

BATTERY HOLDERS

Takes 6 h.p. 7s complete with terminal
clip and lead. 34p each.

CARTRIDGES

ACOS GP92-18C 200mV at 1-2cms/sec £1-36

ACOS GP93-1 280mV at lem/sec £1.85

ACOSGP96-1 100mV at 1cm/sec £2.80

TTC J-2005 Crystal/Hi Output £1.08

TTC J-2010C Crystal/Hi Output Compast;bzle
0

2175
£1.95

TTC J-20068 Btereo/Hi Output

TTC J-2105 Ceramic/Med Output

TTC J-2203 Magnetic SmV/5cm/sec,
including stylus 85

TTC J-22038 Replacement stylus for
above

TTC AT-55 Audio-technica magnetic
cartridge 4mV/5cm/sec £3.30

CARBON FILM RESISTORS
The E12 Range of Carbon Film Resistors.

} watt available in PAKS of 50 pieces,
aasorted into the following groups:—

Rl 50 Mixed 100 ohms-820 ohms 50p
R2 60 Mixed 1K ohms-8-2K ohms 50p
R3 50 Mixed 10K ohms-82K ohms 50p
R4 50 Mixed 100K ohms-1 Meg. ohms 50p

THESE ARE UNBEATABLE PRICES—
JUST 1p EACH INCL. V.AT.

BI-PAK SUPERIORQUALITY
LOW-NOISE CASSETTES
C60, 32p  C90,41p  C120, 52p

SEE OUR COMPLETE RANGE
IN

PRACTICAL ELECTRONICS,
PRACTICAL WIRELESS,
RADIO CONSTRUCTOR,

EVERYDAY ELECTRONICS,
ELECTRONICS TODAY

INTERNATIONAL
OR SEND 5p. FOR THE
FULL LIST OF ALL BI-PAK

PRODUCTS

Equivalent books

1 Ra.dlo & Electronlc colour code and
data chart
1 Radio valve guide PLUS

3 Other constructional

books on

Receivers, EM Tunerz, etc.
ALBO 1 General construction book

VALUE £3. OUR PRICE

£2p & p 10p.
BP1 Handbook of Transistor
Equivalents & Subsut\x.:s
P
BP2  Handbook of Radlio, T.V. &
Industrial Tube & Valve
Equiv. 40p
BP3 Handbook of Tested Tran-
sistor Circuits 40;
BP4 International Handbook of
the World's 8hort Wave
Radlo Stations and FM/T.V.
Listings asp
BPS Handbook of Simplc Tran-
sistor Circuita 38p
BP? Radio and Electronics colour
codes and Data Charts 13p
BP8 Bound and Loudspeaker
Manual 80p
BP9 38 Practical Tested Diode
Circnits for the Home
constructor 35p
BP10 Modern Crystal and Tran-
sistor Set Circuits for
beginners. 35p
BP1l Practlcal Transistor Novelty
Circuits 40p
BP13 Electronic Novelties for the
Motorist 50p
BP14 8econd book of Transistor
Equivalents 85p
BP15 Constructors Manual of Elec-
tronic Circuits for t.he
home
129 Universal Gram Motor Speed
Indicator 8p
138 How 1o make FM and T. V.
aerials Bands 1/2/3 18p
141 Radio Servicing for Amn'.ezua-a
i
148 High Fidelity Loudspeaker
enclosures 37p
158 Transistor Circuits Manual
No. 1 16p
160 Coil design and Comtmction
Manual
161 Radio T.V. and Electmnlc
Data book D
174 Transistor sub-miniature
receivers 33p
176 Transistor Test Equipment &
Servicing Manual 25p
178 Manual of Transistor Audio
Amplifiers 40p
178 A comprehensive Radio Valve
Guide—Book 5 30p
183 How to receive foreign T.V,
programmes on your et by
simple modifications  33p
196 AF-RF Reactance-Frequency
chart for Constructors 18p
200 Handbook of Practical Elec-
tronic Musical Novelties 50p
201 Practical Transistc rised Nov-
elties for Hi-Fi Enthuslaassta
14
202 Handbook of Integrated
Circuita Equlvalenta and
Substitates 5p
RCC  Resistor Colour Code Disc

Caleulator 10
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-the lowest prices!

- I CIS NOW WE GIVE YOU 50w PEAK (25w
74 Series T.T.L. |. R.M.S.)PLUS THERMAL PROTECTION!
BI-PAK STILL LOWEST IN PRICE FULL SPECIFICATION The NEW AL60 Hi-Fi Audio Amplifier
GUARANTEED. ALL FAKOUS MANUFACTORERS FOR ONLY £4.25
1 25 100+ o 1 . 021 100+ NT4153 Mloo 02% 5 1?)0+ @ Max Heat Sink temp. 90°C. @ Thermal Feedback
BN7400 0.15 0.14 0.13 N .1 .14 0.13 B . .90 i
8N7401 015 0.14 0.13 AN7454 0.15 0.14 0.13 8N74154 £1.70 £]1.65 £1.80 @ Frequenoy Response 20Hz @ Latest Design Improvements
8N7402 015 014 013 BN74¢;0 8.15 014 o1z [ 8NT4165 ﬁ.gg £118 ﬁig to 100KHz @ Load—3, 4, 8 or 16 ohms
8N7403 0.15  0.14 0.13 | 8N7470 32 029 027 . . . istorti 0.1% o .
SN7404 015 014 013 | 8N7472 035 039 027 | SN74157 £100 095 opo] @ Distortion better than 0.1% | @ Sinal'to noise ratio 50dB
8N7405 0.16 0.14 0.13 8N7473 0.41 0.39 0.35 8N74160 £1.40 £1.35 £1.30 @ Overall size B83mm X
8N7406 039 0.34 031 gN;474 041 0.39 035 gg;ﬂs; .e{:g £1.35 £1.30 @ Supply voltage 15-50 volts | 105mm .. 13mm
8N7407 N7475 W . .. 62 £1. £1.35 £1.30 N
8N7408 822 gg: gg:_‘, 8N7476 822 82% 823 BN741(;3 £1.40 £1.35 £1.30 Eapccially designed to a striet Apeclﬂo:ltlon. Only the ﬂpest compo=
SN7409 0.25 0.24 0.23 8N7480 0.680 0.58 0.55 8N74164 £1.80 £1.75 £1.70 nents have been used and the latest solid state circuitry incorpomted
8N7410 015 0.14 013 BN7481 £1.10 £1.05 £1.00 8N74165 £1.80 £1.75 £1.70 l:lg‘hls f}?wfmtll little amplifier which should satisfy the most critical
8N7411 025 0.24 0.23 | 8N7482 0.90 085 0.80 | B8N74166 £1.80 £1.55 £1.50 LTS
AN7412 0.28 0.27 0.28 §N7483 £1.20 £1.15 £1.06 8N74174 £1.60 £1.55 £1.50
SNl 0% 0FT 020 | ANTie 100 “hay “hes | Sy sieo eies eisol pyily BUILT—TESTED and GUARANTEED ™
8N7418 030 0.29 028 | SN7485 £1.860 £1.55 £1.50 | guzuize g1a ) ) i
BNM17 030 029 028 | BNMSS 030 034 033 | S0 o ﬁgg ::-:2
8N7420 0.15 0.14 0.13 N74 d .76 £3.60 o B .
8N7422 030 029 028 | BN7490 065 063 060 | SN74180 £1.85 £1.20 £1.15 STABILISED POWER £3-25
8N7423 0.40 0.38 0.38 8N7491 £1.10 £1.05 £1.00 8N74181 £3.85 £3.85 £3.78
8N7425 040 039 038 | SN7402 074 071 064 | gN74182 MODULE SPM80
8N7426 040 038 038 | SN7403 074 071 064 £1.85 £1.20 £1.15
8N7427 040 038 038 | SN7494 085 082 075 | DV/4184 £1.80 £1.75 £1.70 8Pm80 is especially designed to power 2 of the AL60 Ampllifiers, up to
8N7428 045 042 040 | SN7495 086 082 075 | SN74180 £1.85 £1.90 £1.85 115w w:u (r.m.s.) perlgm:l;timulmueousl&cggg ::agule emm the
8N7430 0.15 0.14 013 | 8N7496 088 093 088 8N74191 £1.856 £1.90 £1.85 pice rporating comp ort
8N7432 040 0.38 0.36 | 8N74100 £1.50 £1.45 £1.40 circult With the addition of the Mains T BmT80,
SN7433 042 040 0.38 8N74104 0.60 058 0.55 SN74182 £1.95 £1.90 £1.85 the unit will provide outputs of up to 1-5 amps at 35 volts. Bize:
8N7438 0.35 3 5 8N74107 0.44 042 040 4194 . £1. £1.20 Bystems of the highest quallty at a erto unobtainable price. Also
8N7440 015 013 o1 | BN74110 060 085 00 | SNTA5 £1.10 £105 £1.00 e, T o Uy te Hanibook avasabte, 10p. "ccme» Fublic
8N7441 074 071 o064 | BN74111 0.80 088 085 | SN74196 £1.20 £1.16 £1.10 b WALEN) 5&h » 10p-
BN7442 £1.00 N
SN come oL oea | BRTIINS £180 oho o09g | sN7aer £120 £115 £l10 TRANSFORMER BMT80 £2.75 p. & p. 40p
£1.20 £1.16 £1.10 £1.40 £1.30 | gx74198
8N7444  £1:20 £1.15 £1.10 | SN74121 0.50 048 045 : £2.76  £2.70 £2.65
8N7446 £1.80 £1.55 £1.560 | 8N74122 0.70 0.68 065 | SN74199 £2.50 £2.40 £2.30
BN7446  £1. £1.15 £1.10 8N74123 076 078 0.70 Devices may be mixed to quallfy STE R EO PR E-AM PLI F I E R
8N7447 £1.10 £1.07 £1.05 8N74141 0.85 082 0.79 for quantity price. (ITL 74 Series
8N7448 £1.10 £1.07 £1.05 8N74145 £1.30 £1.25 £1.20 only) data la available for the
BN7450 0.16 0.14 0.13 BN74150 £1.50 £1.40 £1.30 above serles of 1.0.’s in booklet T PE PA1
BN7451 0.156 0.14 0.13 8N74151 £1.10 £1.05 £1.00 form. Price 35p.
P Butlt to a specification and NOT a price, and yet still the greatest value on the market,
INTEGRAT.ED CIR,,CUIT PAKS B the PA100 stereo pre-amplifier has been conceived from the latest circuit techniques.
Manufacturers ""Fall Outs’’ which Include P jonal and Part-Fu ional Units. These are classed aa ‘out-of- Designed for use with the AL0 power amplifier aystem, this quality made unit
spec’ from the maker's very rigid specificationa. but are kdeal for learning about 1.C’s and experimental wo_rk. incorporates no less than eight silicon pianar translstors, ':wo of these are specially
Pak No. Contents Price Pak No. Contents Price Pak No, Contents Price § ojected low noise NPN devices for use in the input stages.
UIC00=12-7400 0.54 UIC46 =5 x 7446 0.54 UICo0 =5 x 7490 0.54 | Three switched atereo inputs. and rumble and acraich filters are features of the
gcm-}a X 7401 0.564 UIC48="5 X 7448 0.54 U'I091=g>< ;:gé 82: PA100, which algot;lﬁ)ela STEREO/MONO switch, volume, balance and continuously
(C02 =12 X% 7402 0.54 UIC50=13 x 7450 0.54 UICc92=5X% 4 variable bass an e controla.
UIC03=12 X 7403 0.64 UI351=13x% 7451 0.54 UIC93=5 X 7493 -0.54 .
UIC04=12 X 7404 0.54 UIC53=12 X 7453 0.54 UIC94=5 X 7494 0.54] SPECIFICATION: ) .
UIC05 =12 X 7405 0.54 UIC54=12X 7454 0.54 VICY5 =5 X 7495 0.54] Frequency response 20Hz—20kHz 4+ 1dB Bass control +15dB at 20Hz
UIC06=8x 7408 0.54 UIC60 =12 X 7460 0.54 UICI6="5 X 7496 0.54] Harmonic distortion better than 0-19% Treble control . +15dB at 20kHz
gonseow, ox | mewadw  E | sesbaide  emlwEibele  jsshesio  nieislaess e
=12X% .54 UIC72=8X 7472 0.54 =5X - . 0, Tuner mV in craf low pass] z
UIC20=12 X 7420 0.54 UIC73=8Xx7478 0.54 UIC141me5 X 74141 0.54] 3. Magnetic P.U. SmV into 50KS2 Slgnal/noise ratio better than +65dB
UIC30==12 x 7430 0.54 UIC74=8x 7474 0.54 UIC151 =5 x 74151 0.54] All input voltages are for an output of 250mV. Input overload +268dB
VCiaberdl 084 | UIoM-8x480 953 | UIOIS-0x7Tilod 0.5k wivein A1dB irom Sofe o socHa. o Dimmeant EAR
- 8 - . - B n rom Z - mensiona
UIC42=5X 7442 0.54 UIC81 =5 x 7481 0.54 UIC199=5 X 74199 0.54 = £1 4 25
UIC48 =5 X 7443 0.54 UIC82 = 5 x 7482 0.54 UICXI=25 Assorted 74’s.1.85 l only .
UIC44=5x 7444 0.54 UIC83=5X 7483 0.54 Packa cannot be split, but 26 M K 60 A U DI o KIT
UIC45 =5 x 7445 S WO 054 assorted Dleces (our Ta” | Comprising: 2x AL8O, 1x SPM80, 1x BTMBO, 1x PA 100, 1 front panel, 1 kit of parts to include on-
LINEAR 1.C" FULL SPEC — off switch, neon indi , stereo headph kets plus instruction booklets. Complete Prices: £28.76
B . plus 45p postage.
Type No. 1 25 100+ | DTL 930 SERIES TEAK 60 AUDIO KIT
;2;83 83(; 835 8'45 LOGICIC's DUAL-IN-LINE ] Comprising: Teak veneered cablnet size 16§” x 114" X 31", other parts include aluminium chasals, heatslnk and
72700P 0'20 0'19 O?g Type 1 25 100+ SOCKETS tront panel bracket, plus back panel and appropriate sockets etc. Kit price: £9.95 plus 45p postage.
72710 0.35 0.33 0.30 BP930 0-15 0-14 0-13 14 & 18 Lead Sockets With
72741 030 029 028 JBPS32Z 018 015 014 X Ceioruze Wit
mio 8@ ool OR fim o ok o sn| Bbiimesegonse T ALIOJAL20/AL30 AUDIO AMPLIFIER
12741P 030 020 0328 |BPO® 016 015 014 | prop, TYPE No. 1.25 2569 100up MODULES
13n 03 036 o0ag |mEoss ols oy o | IOlirinuve 3 sop- 27 ‘
i 8 .36 .34 . R . -
$1.20iC 050 045 040 |Bress 030 o028 o25f T . 380 asp S 3 I A o T Ty ot
ghrole 080 045 040 fmreis 015 044 0L ) fowCosiNe o0 0 o gemeral  specification,  However,  carefui
TAA26S 080 070 0.80 BP951 070 0-85 060 BPS14 ,, 16 ldp 12p selectlon of the plastic power de.vlce has
BP316 ,, ,, 170 15 13, regulted in a range of output powers from
TAAZIS £1.00 095 090 | EPe62 015 011 013 | gpg g pintype B 1 I % 0o 10 watic KaLS
Al A £1.85 £1.80 £1.70 093 0-45 043  0-40 2 g e e
pA703C 0.28 0.26 0.24 BP9094 0-45 0-43 0-40 ’1;he versa',xl;ty of ',hellr A}eslgxt\am&kecz t.lheerz:
HAT09C 020 018 018 BP9097 0-45 0-43 o-40 | NUMERICALINDICATDR TUBES ideal for use in record players, tape recorders,
. B b i pti stereo amplifiers and cassette and cartridge
HATIL 0.35 033 0.30 BPY09Y 046 043 0-40 f§ Type Description tape players in the car and at home
ﬁzx.ls%)o 038 o.ag 0.30 SOIfriiji\lmiron , [ £1.50 SR -
d £1.4 £1.40 MAN 3M. L. E.D. 7-segment
;(‘;8(2)% f%gg ﬁl.:g £1.40 B' PAK 1 97 5 0-127" . £ £1.80 Parameter Conditions Pertormance
B 1. £1.40 = Al indica \ i ) —= | — L —
76660 0.85 083 0.90 All ‘;?f;é""ﬁli«.?? Fl.lP"é;'(‘;"fgf"Zh HARMONIC DISTORTION Po-3 WATTB {=1KHz 0-25%
LM380 £1.00 087 095 CATALOGUE & LISTS }§ types availuble ungn equest — —F — -
NES555 0.85 0.63 0.80 LOAD IMPEDANCE = 8-16Q2
NF336 095 093 090 {Send S.A.E. and 10p § SHF80 STEREO HEADPHONES, § — e .
4-16 ohms impedance  Frequency INPUT IMPEDANCE {=1KHz 100 k2
%gg%ﬁé%sggns 68 BIT Th STE R EO xw;u;nse 30 rlo ?O,OOOHI..ISwrco mono f _— e e
REGISTER swiltch and volume conirals. £4.98 2 i S = T e
Rt e promes | The 20 L- arquercy upsrovsnd wp | roawatts o0 sk
apacitance, High 8peed Diode | The ‘Stereco 20’ amplifier 1s mounted, ready wired and Ve=25V. R1=8Q f=1KH 75mV. RMS
Protected Inputs Wired ‘OR’ ] tested on a one-piece chassis measuring 20 cm.m;< SENSITI‘:H:Y oERATEO0N --ll — 180 LK -
Capability SPECIFICATION 14 cm. X 5:85 cm. This compact unit comes DIMENSIONS — 3"X24"X1"
SHEET AVAILABLE £1 each go;nplete b:gh 0;1/(:1! l?wuch volume control, .
ulance, an reble controls, Trans- )
TEAK VENEERED | former,’ Powcr supply and Power amps. The above table relates to the AL10. AL20 and AL30 modules. The following table
CABINET for: Attractively printed front panel and match- outiines the differences in their working conditions.
STEREO 20 ing eontrol knobs. The ‘Btereo 20 has been
deslgned to fit into most turntable plinths
TC 20. £3.95 p&p 45p wiit,houalntlerlering with the mechanism or, & Parameter AL10 AL20 AL30
E.M.I. LEK 350 Loudspeaker | alternatively, into a separate cabinet. — —
synle,"l; Eﬁc?zo'm:l;gt. Ipn. “'k:; Output power 20w peak. Input 1 (Ce Maximum Supply Voltage 25 30 30
veneer, Including speakers, §| 300mV_into 1M. Freq. res. 25Hz-25kHz. —
Rec. retail price £45.50 per Input 2 (Aux.) 4mV into 30K. Harmonic Power outuut for 2% T.H.D. 3 watts 5 watta 10 watts
pr. OUR SPECIAL PRICE distortion. Bass control -+12dB at 60Hz {(RL=5Q {=1KHz) RMS Min. RMS Min. RMS Min.
30 por pair P. & P.£3 ONLY | typleally 0:25% st 1 watt. Trevle conff | 4-48 %
WHILE STOCKS LAST! ] $14dBat 14kHa P&p 45p PRICE £2.50 £2.85 £3.20

3 TERMINAL POSITIVE

VOLTAGE REGULATORS

TO.8 Plastic Encapsulation

gﬁ;ﬁ?gﬁt:gg Y Eﬁ}{:{ Iy £1-38 | AL 10, AL 20 and AL 80 audio power amplificrs and it | Bass control-—
PAT815/L131 15V (Equi. to MVRI5V)  £1.35 can be suppiied from their associated power supplies. + 12dB at 60H
uA7818 18V £1.35 ] There are two stereo inputs, one has been designed for use } Treble control—

4 14dB at 14KHz

TRANSFORMERS

T481 (Use with AL10) £1.80 P. & P. 22p.
T538(Use with AL20 & AL30) £2.30P. & P.22p.
BMT80(Use with AL60) £2.75 P.& P.40p.

The PA 12 pre-amplifier has heen designed to match into
mort budget stereo systems. 1t is compatible with the

with *Ceramic cartridge while the auxiliary input wil!
suit most tMagnetic cartridges. Full details are given in

the specification table. The four PR CE
£4-35

Volume and on/off switch, halance,
bass and treble. Bize 152mm X

POWER SUPPLIES

P8 12. (Use with AL10, AL20 & AL30)

SPM 80. (Use with AL60)

84mm X 35mm

controls are, from left to right:
95 FRONT PANELS FP12 50p
£3.25

WWW_americanradi

PA 12. PRE-AMPLIFIER SPECIFICATION

Frequency respo

*Input 1. lmpedance

tInput 2. Impedance
30

All prices inciusive of V.A.T.

nse—
20Hz-50K Nz (—3dB

1 Meg. ohm
Sensitivity 300mvV

K ohms
8engitivity 4mV

ohistorv com

Giro No. 388 - 7006

Please send ail orders direct to warehouse and despatch department

I-PANXK

P.O. BOX 6, WARE - HERTS

Postage and packing add 20p. Overseas add extra for airma
ash with order pleas.

Guaranteed Satisfaction or Money Back
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EX-MINISTRY cr1436 Double
Beam Oscilioscope DC-6 megs.
Max Sensitivity 10mv/cm. Small
compact. Size 10 X 10 X 16 in.
Suitable for Cotour TV servicing.
Price £85 each including copy of |
manual

SOLARTRON CD1212 with DUAL TRACE PLUG-IN

DC-24MHz

TB-100 nancsecs per cm. to 5 secs. per cm. in 24 calibrated ranges.
20 nanosecs per cm. with times 5 expansion. 5” fiat-faced tube. Trace
locator. 0—2 microsec. signal delay. Buiit-in calibrator. 1KHz square wave.
200 micro volts to 100 voits in 18 calibrated ranges.
Complete with manual. £95 each.

TEKTRONIX VIDEO
WAVEFORM MONITORS

Type 527RM—£250.
Type 529RM—mod 188D £475.

MARCONI! TF 1041B Vacuum Tube Voltmeter
£35 ea.

MARCONI TF899 Valve Millivolt meter. 20mV
to 2V AC: 50Hz to 100mHz detected output for
modulation monitoring. £7 ea.

MARCON! TF801A/1 Signal Generator 10 to
310mHz £55 ea.

MARCONI TF791D/3R Carrier Deviation Meter

£90.
MARCONI TF791B Carrier Deviation Meter

£30.

MARCONI TF934/2 FM Deviation Meter £35.
MARCONI! TF142E Distortion Meter £20.
MARCONI! TF791C Carrier Deviation meter

£55.

MARCONI TF455E Wave Analyser £55.
MARCONI TF868B Universal Bridge £90.
MARCONI TF1020A RF Power Meter 150
and 300 Watts. As new £85 ea.

MARCON! TF1020A RF Power Meter 50 and
100 Watts. As new £60 ea.
MARCONI TF1094A/S. HF
Analyser. Late model £375.
MARCON! TF1371 Wideband Millivolt Meter
£20.

MARCONS TF1434/2 Counter Range exten-
sion unit 10—-100MHz £30.

MARCON! TF1434/2 Counter Range extension
unit 10—-100MHZ £30.

Spectrum

KELVIN & HUGHES Single
Recorders with spare paper. £20 ea.
HEWLETT PACKARD Microwave Power Meter
430C complete with Bolometer £45.

HEWLETT PACKARD Power Meter 431B £85.
HEWLETT PACKARD Valve voltmeter 19”
rack AC or DC 1mV to 300V dB scale. £20.
AIRMEC OHM METER 861 £25.

EMI WMS Oscilloscope Plug-in units. New £25.
DAWE Digital Printer type 3094A. As new
£35 ea.

E.H. .Pulse Generator
nansecs width £60.
WESTON THERMOPROBE --60 to +100
degrees Centigrade £90.

WANDEL & GOLTERMAN TFEK 41 Level
meter 4-600KHz £65.

HEADWAY RESEARCH Photoresist Spinner
and Speed Control £90.

INFRA-RED INDUSTRIES USA Tunable
Microvolt meter type 601 £65.

PROSSER SCIENTIFIC INSTRUMENTS
Model A100 Waveform Generator Multi wave-
forms £185.

POLARAD Spectrum Analyser SA84. 10MHz
to 40GHz. One unit. Superb. £480.

ROHDE & SCHWARZ Admittance Meter
VLUK-BN3511. As new £160.
TEKTRONIX Oscilloscope type
frame only. As new condition £370.

Channel

Model 123 20MHz 20

545B Main

TEKTRONIX Plug-in Type 1120. As new £700.
HEWLETT PACKARD DB Oscilloscope type
175A 3dB-50MHz twice. Large 6 X 10cm
screen. £185. .

LEYLAND SPECTRUM ANALYSER 5.1 to
5.9GHz. Complete with 5" display £45.

AIRMEC 4 trace oscilloscope. DC to 3MHz.
Good condition £50.

CLAUD LYONS Voltage Stabilisers. Compact.
Transistorised. Qutput 240V +0.25% at 12 amps
£25 ea.

ADVANCE VOLSTAT. Input 95-130V or 190-
260V Qutput 118V RMS 250Watts. £20 ea.

PYE SCALAMP GALVANOMETER. Hammer
grey. Tested £6.50 ea.

MARCONI! TF1374 Precision Crystal Calibrator

£25.

MARCONI TF1400/S Pulse Generator. Good
condition £25.

SOLARTRON Multipurpose stab PU type 1804,
Standard mains input. Outputs: +250V DC
200MA: +18v DC 2A; +6V DC 8A; —3.5V
DC 100MA; —6V DC 8A; —18v DC 4A:; 25V
AC 150MA. All DC lines will withstand short
circuits to earth. With copy of manual £25 ea.
AMERICAN GENERATOR TYPE TRM3.
AM/FM Sweep 15-400MHz. Built-in display.
markers, etc. Full info on request. Brand new.
£250 ea.

CAPACITOR PACK 50 Brand new compo-
nents only 50p. P. & P. 17p.

P.C. MOUNT SKELETON PRE-SETS.
Screwdriver adjust 10. 5 and 2.5M @ 2p ea.
1M. 500. 250 and ZbKk @ 4p ea. Finger ad-
just 10. 5 and 2.56M @ 3p ea. 1M. 500, 250
and 25K @ Sp ea. Min P. & P. 10p.

1000pt FEED THRU CAPACITORS. Only
sold in packs of 10-—30p. P. & P. 10p.

RECTANGULAR INSTRUMENT FANS.
American Ex-equ. Size 43 X 43 X 13”. 115
Volt. Very quiet £3 ea. P. t- P. 3'7p.

FIBRE GLASS PRINTED CIRCUIT
BOARD. Brand New. Single or Double sided.
Any size 13p per sq. in. Postage 20p perorder.

CRYSTALS. Coiour 4.43MHz. Brand New.
£1.25¢ea. P. & P. 10p.

HF Crystal Drive Unit. 18in. rack mount.
Standard 240V input with superb~crystal oven
by Labgear {no crystals) £5 sa. Carr. £1.50

ROTARY SWITCH PACK—6 Brand New
switches {1 ceramic: 1-4 pole 2 way etc.).
50p. P. & P. 20p.

BOURNS TRIMPOT POTENTIOMETERS.
20: 50: 100:200; 500 ohms: 1:2;2.5:5: 10:
25K at 35p ea. ALL BRAND NEW.

RELIANCE P.C.B. mounting. 270: 470:
500 ohms: 10K at 35p ea. ALL BRAND NEW.

VENNER Hour Meters—5 digit. wall mount
—sealed case. Standard mains. £3-75 ea.
P.& P.45p.

TRANSFORMERS. All standard inputs.
Gard/Parm/Part. 450-400-0-400-450. 180
MA. 2 X 6.3v. £3 ea.

CLEARANCE LISTS AVAILABLE. S.A.E.
TELEPHONES

STANDARD 300 Series. BLACK only £1.00 ea. P. & P. 50p.
MODERN STYLE 706 BLACK OR TWO-TONE GREY £3.75
ea. P. & P. 35p. STYLE 7006 TWO-TONE GREEN £3.75 ea.
P. & P. 35p. HANDSETS-—complete with 2 insets and lead 75p
ea.P. & P. 37p. DIALS ONLY.75pea. P. & P. 25p.

SCOOP FIRST TIME VIODERN STANDARD TELEPHONES IN
GREY OR GREEN WITH A PLACE TO PUT YOUR FINGERS LIKE
THE 746. A CHANCE NOT TO BE MISSED £3.00 ea. P. & P.
35p.

HIGH-VALUE—PRINTED BOARD PACK

Hundreds of components. transistors, etc.—no two boards the same—
no short-leaded transistor computer boards. £1.75 post paid.

DELIVERED TO YOUR DOOR 1 cwt. of
Electronic $crap chassis. boards. etc. No
Rubbish. FOR ONLY £4. N_ Ireland £2 extra.

P.C.B. PACK S & D. Quantity 2 sq. ft.—no
tiny pieces. 50p plus P. & P. 20p.

TRIMMER PACK, 2 Twin 50/200 pf ceramic:
2 Twin 10/60 Ff ceramic: 2 min strips with 4
preset 5/20 pf on each: 3 air spaced preset
30/100 pf on ceramic base. ALL BRAND NEW
25p the LOT. P. & P. 10p.

PHOTOCELL equivalent OCP 71. 13p ea.
MULLARD OCP70 10p ea.

GRATICULES. 12 cm. by 14 cm. in High
Quality plastic. 15p each. P. & P. 5p.

FANTASTIC VALUE
Miniature Transformer. Standard 240V
input. 3V 1 amp output. Brand New.
65p ea. P. & P. 15p. Discount for
quantity.

Vast quantity of good quality components
—NO PASSING TRADE—so we offer
3 LB. of ELECTRONIC GOODIES

for £1.50 post paid.

LOW FREQUENCY WOBBULATOR

Beehive Trimmer 3/30 pf.
Brand new. Qty 1-9 13pea. P.& P. 15p:
10-99 10p ea, P. & P. 25p; 100-999
7pea.P. & P. free.

DON'T FORGET For alignment of Receivers, Filters, etc. 250KHz to 5MHz, effective to 30MHz on harmonics. Three controls—RF level, sweep
width and frequency. Order LX63. Price £8.50 P. & P. 36p.
YOUR MANUALS As above but can have extended cover range down to 20KHz by addition of external capacitors. Order LX63E. Price £11.50P. & P.
SAE WITH .

Both models can be used with any general-purpose oscilloscope. Requires 6.3V AC input. Supplied connected for automatic 50Hz
sweeping. An external sweep voltage can be used instead. These units are encapsulated for additional reliability. with the exception
of the controls {not cased, not calibrated).

20HZ to 200KHZ
SINE AND SQUARE WAVE GENERATOR

in four ranges. Wien bridge oscillator thermistor stabilised. Separate
independent sine and square wave amplitude controls. 3V max sine,
6V max square outputs. Completely assembled P.C. Board, ready to use.
9 to 12V supply required. £8-85 each. P. & P. 25p. Sine Wave only
£6-85 each. P. & P. 25p.

REQUIREMENTS

WIDE RANGE WOBBULATOR

5 MHZ to 150 MHZ (Useful harmonics up to 1-5 GHZ) up to 15 MHZ sweep width.
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10-7 or TV
IF alignment, filters, receivers. Can be used with any general purpose scope. Full
instructions supplied. Connect 6-:3V AC and use within minutes of receiving.

All this for only £6.75. P. & P. 25p. {Not cased. not calibrated.)

! MAKE YOUR SINGLE BEAM SCOPE
INTO A DOUBLE WITH OUR NEW
LOW PRICED SOLID STATE SWITCH.
2 HZ to 8 MHZ. Hook up a 9 volt battery and
connect to your scope and-have two traces
for ONLY £6:25. P. & P. 25p.

STILL AVAILABLE our 20 MHZ version
at £9-75. P. & P. 25p.

TRANSISTOR INVERTORS
TYPE B TYPE C
Input: 12V DC Input: 12V to 24V DC
Output: 1.3kV DC 1.5MA { Output: 1.5kV to 4kV AC 0.5MA

TYPEA
Input: 12V DC
Output: 1.3kV AC 1.5MA

TYPE D
Input: 12V to 24V DC
Dutput: 14kV DC 100 micro amps at 24V.
Progressively reducing for lower input voltages
Price £11

Price £4.70 Price £6.35

Postage & Packing 36p

Price £3.45

Unless stated — please add £2.00 carriage to all units.

VALUE ADDED TAX not included in prices—please add 8%
Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Gash with Order
Open 9 am to 6.30 pm any day (later by arrangement.)

CHILTMEAD | |

7/9ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916
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LIGHT DEPENDENT RESISTORS
SPECIAL OFFER

Matched pairs Pioneer Type 174, similar to orp 12 resistance
1K to 40K DIA §in. with }in. flanges.

£1.50 for two pairs (minimum). 10 or more palrs 50p per pair
incl. p. & p.

PROGRAMME TIMER BY HONEYWELL

A bank of 12 micro-switches are each independently operated by
12 pairs of cams which. in turn. are individually adjustable giving
switching periods of zero to 12 sec. with infinitely variable combina-
tions. A mains synchronous motor drives the cam shaft at 1 rev..
per 4 sec.—15 r.p.m. Many applications where continuous sequence
programmes are required such as lighting effects, etc. NEW in
original maker's cartons. First-class value at £8.75 plus 50p p. & p.

Open frame shaded pole motor. 115/240V a.c.. 1425 r.p.m.
Approx size 24" across 23" + 14" deep. 4 dia. Spoudel by 3"
iong. £2.25 pp. 25p.

SHADED POLE MAINS MOTOR

A quality shaded pole motor. Open frame 3in. high X 24in. X 2in.
Spindle 1in. X #in. 1,420r.p.m. £1.95p. & p. 20p.

SOLENOID
BY WESTOOL

240 a.c. type MM6. 3Ib. pull.

2%in. X 1in. X 14in. Travel 1in. £1
each plus 20p p. & p.

240 a.c. type MM4. 2b_pull. 14in. X 13in. X hn
Travel §in. 80p each plus 20p p. & p.

Quantity discounts: 10-50,

10%. 50 upwards, 25%.

lift of approximately 1in. through
of arm. 2}in. 240V. a.c. Pull at L2

MAINS SOLENOIDS
hinged “elbow”. Bracket incor-
coil is approximately 1ib. £1

This little wunit gives vertical

\
porates 2 fixing screws. Length
each plus 20p p. & p.

MAGNETIC DEVICES SOLENOID

240V a.c. 50 p.c.. rated 18lb. pult. 1}in. travel. push or pull.

Shackle both ends. length overall 4in. ptus 3in. travel arm X 23%in.
3%in. high

Brand new £6.25 plus 60pp. & p..orex-equipment £3 ptus 60pp. & p.

MUFFIN “PANCAKE’' FANS
As used in computers and other installations
where silent continuous efficient cooling is
needed. These fans are 115V. 50Hz drawing |
only 14 watts 43” X 4{” X 15". They can be
coupled in pairs for use on 140V or a fixed resistor
can be supplied for 25p. ONLY €16 plus 40p
p. &p.

RELAYS

Octal base 2 C/O 6 amp contacts following
voltages: 12V a.c. 48V d.c. 110 dc. 230 ac.,
all £1 each plus base 15p postage and packing 15p.
11-pin 3 C/O 6 amp contacts. following voltages:
115 a.c. 48 dc. 24 dc. all at £1.25 each, base
15p plus 15p p. & p.

FAN/
BLOWER

Precision-built in  Germany. Dyna
mically balanced mains unit {200/240}
continuous rated, reversible 60MA
on run. Size: 5%in. dia X 2}in. deep.
Back plate is tapped for 4 fixing
screws (supplied). Well under maker's
price at £3. P. & p. 40p.

OPEN FRAME

shaded pole

GEARED

MOTORS 110 r.p.m. fg
240 a.c. NEW HIGH TORQUE. ' -

approximate overall size: 34in. X
3in. X 2%in. + spindle dia }in. ONLY £2 plus 50p p. & p.

MEM LIMIT SWITCH

Snap action § amps at 240/410 a.c.. size* base 33" X 1}”
14", plus heavy duty roller plunger 13" ext. or 17 when com-
pressed. Very robust for tyreless operation. weather proof.
£2.20 plus p&p.

AMPEX 7.5d.c. MOTOR £4.25

An ultra precision tape motor designed
for use in the AG20 portable recorder.
Torque 450GM/CM, Stall load at 500
MA. Draws 60 MA on run. 600 r.p.m.
+ speed adjustment. Internal AF/RF
suppression. }in. dia X 1in. spindle.
Motor 3in. dia X 1in. Original cost
£16.50. OUR PRICE £4.25 p. & p.
25p. Large quantities  available
{special quotations). Mu-metal
enclosure available 75p each FREE
p-&p.

ALL PRICES INCLUDE VAT

While we welcome official orders from established companies and
Educational Departments. it is no longer practical to invoice goods
under £5. Therefore. please remit cash with orders below this
amount.

“SLO-SYN’" 3-LEAD SYNCHRONOUS
STEPPING MOTOR £15

Type SS15. These fine motors are easily reversed. starting and stopping in less than 5°
without electrical or mechanical braking. Simple relay circuit can be applied to give d.c..
for maximum holding torque of 300 oz/in. with 35V at 0.35 amps through winding. For
a.c. synchronous operation at 120r. 50Hz. Speed 60 r.p.m. at 60Hz, 72 r.p.m. STEPPING.
Holding torque at 50 steps per sec.— 100 oz/in. Can be wired to give 100 or 200 steps
per revolution with accuracy of 0.1°
be modified by simple r.c. circuits. Dimensions: Dia 4in, body length 42in. spindle length
2}in. X §in. dia. Weight 6}lb. BRAND NEW in maker's pack. Offered at less than half
maker's pricc. OUR PRICE ONLY £15 plus £1 p. & p.

ELECTRO-TEC

per step non-cumulative. Torgque characteristics can

COMPONENTS LTD.

a67

SPRITE “PANCAKE" FANS

Simitar to “"Muffin”. physically smaller
drawing only 9 watts but still giving extremely g
high efficiency with minimum fuss. 115V

50Hz can be used in pairs from 240V a.c.
resistors supplied for 25p. Size: 3}in. X

4in. X 1%in. {Large quantity available,
special guotations). ONLY £3.95 plus 40p
p. &p.

BENDIX MAGNETIC CLUTCH

A superb example of Electro-mechanics!
The main body is in two sections. The coil
| section is fixed and has a #in. sleeve. The
drive section rotating on the outer peri-
meters. The uniting plate has §in.
bearing concentric with main section and
18-tooth cog wheel. When energized
transmission is extremely powerful. 24V ‘
d.c. at 240 MA. OUR PRICE JUST £2.70

pius 30p p. & p.

ASCO SOLENOID VALVES
(1). 240v 50Hz in. BSP 1 p.s.i.

{2}. 115V 5OHz }in. NPT 12 p.s.i.
EITHER TYPE ONLY £1.80 pius 30p p. & p.

WE ARE OPEN

9-6 Mon. to Sat. call in and see the section of electronic and
electro-mechanical items we have to offer plus a large range of
components. speaker cabinets, accessories, etc.

UNISELECTORS

12-bank. 25-way double sweep 48V d.c. ex-computer in 1st ciass
condition. £6 plus 50p.

6 DIGIT 24V d.c.
COUNTER

Non re-set 3 watts, size 13in. X lin. X Rin.
Brand new. Plastic encased £2.25plus 25pp. & p.

“LABGEAR” POWER SUPPLY UNIT

Fully stabilized. Input 90-240V. 50Hz. Qutputs 6V, 6a d.c. and
6V + 2V. 100MA. Hum and Ripple at full load—Iless than 3MV
peak to peak. Stabllity improvement ratio for 50% mains change—
1/000 : 1. Output impedance 0.005 ohms. 94in. X 94in. X 12}in.
Weight 20}b. £26. Carr & Pkg. £1.50. In manufacturer's carton.

"
LABGEAR ELIMINAC”

P.S.U. 200-250V. 40/60Hz. Alternative outputs fully variable
{variac incorporated}. Output 1. 12V at 5a d.c. fully smoothed.
Output 2. 12V at 8a d.c. with ripple content. Qutput 3. 20V at
10a a.c. 2%in. X 24in. X 2%in. flush 0-20V d.c. m/c meter.
In attractive grey hammer-finish case. In maker's carton.
£27.50. Carr & Pkg. £1.50.

SILVANIA
MAGNETIC SWITCH

Now complete with reference magnet!

A magnetically-activated switch. vacuum sealed in a
glass envelope. Silver contacts. normally closed.
Rated 3 amp at 120V 1} amp at 240V. Size:
(approx} 13in. long X }in. dia. Ideal for burglar
alarms, security systems. etc., and wherever non-
mechanical switching is required. 10 for £2. P. & p.
| 16p. 50 for £8.80: 100 for £16.50. P. & p.
FREE over 10.

315/317, EDGWARE ROAD,
LONDON, wa2.
el: 01-723 5667 01-402 5580

NEW IMPRDVED

R, i "
ELVlNS ELECTRONlc MUS|CAL |NSTRUMENTS

8 Pumey Bndge Rd

ackne{
Ol

There are 5 superb models in
kit-form specially designed for
the D-I-Y enthusiast. With our
free and generous after sales
service you can build in sections,
and the whole project can be
extended over several months.
All specialised components can
be purchased separately.

We also stock keyboards, volume
pedals, MOS master oscillators.,
ICs., transistors, ETC, for W/W
synthesiser and W/W electronic
piano. Send 50p for catalogue
and vouchers worth 50p or send
your own parts list. enclosing
SAE for quotation.

London E8 1JP. Tel: 01- 986
ndon SW18 1HU. Tel: 01-870 494

40A-42A Daiston Lane, Dalston Junction, London E8. Tel: 01- 249 5624
Business Hours: Open 10 a.m. to 7 p.m. Mon. to Sat. Closed ali day Thursday. Open 10 a.m. to 1 p.m. Sunday.

Latest transistorised Telephone Amplifier
is completely automatic with detachable
pilug-in speaker. Piacing the receiver on
to the cradie 4ctivates a switch for
immediate twq-way conversation with-
out holding the hand-set. Many people
can listen at a time. Increase efficiency
in office, shop, workshop. Perfect for
‘conference” calls: leaves the user's
hands free to make notes, consuit files.
No long waiting. On/OH switch. volume
control. Model with tape-recording
facility £12.956. P. & P. 50p. C.W.0O.
’ 10-day price refund guarantee.

WEST LONDON DIRECT SUPPLIES (W/W)
169 Kensington High Street, London W.8

NO BATTERIES
O WIRES

VAT £1.76

Safety &
Telecom. Standards. Supplied with 3-
core wire. Just plug into power socket.
Ready for use. Crystal-clearcommunica-
tion from room to room. Operates overa
#-mile range. On/Off switch, Vol. control.
Useful as office intercom, baby alarm.

invalids. No G.P.O. licence reqd. Full
priceref. ifreturnedin 10days. 12 months’
service guarantee. P. & P. 60p.

www americanradiohistorv com


www.americanradiohistory.com

268 Wireless World, March 1975

80 Series
Compact 2A 250V

Your ¢
new qt
the al
ARROYV

miniature ran

Phoenix

Electronics
(Portsmouth) Ltd

139141 Havant Road,
Drayton, Portsmouth, Hants PO6 2AA

Full member of AFDEC—the industry’s association of
franchised electronic component distributors.

Our prices include VAT at the current rate—and carriage
on all goods is free.

Send for our catalogue and price list—we'll mail that to
you free, too.

@
/’*&B

THIS MONTH’S BARGAIN OFFER—
Panel hardware kit.

2 X F296 fuseholders, 10 fuses. 4
each K107, K430, K498. K499
knobs., 2 X SM270 DPCO switches,
2 x P429/P430 plugs and sockets.
2 each crocodile and pin clips.
BARGAIN PACK PEP5—£3.90

N2 1 1- T TSRS

AC/DC switches with

1 pole 2 position
lever or push
button action

79 Series
4A 250 V AC/DC
switches with 1 pole
2 position push-
button or lever ¢
action.

1600 Series
16A 250 VAC switches
with 1 pole 2and 3 position‘
rocker lever action. Popular
snap-in fixing

Send
today for
your copy of

this new Arrow
miniature switch
brochure.

Arrow-Hart (Europe) Limited,
Plymbridoe Road, Estover,
Plymouth, PL6 7PN
Tel: Plymouth (0752) 701155

Neﬂ’ LOGIC PROBE 340
Generates asingle minus pulse /
of 02=0-05millisecond. ’
Built-in pulse generator

REO & GREEN-LEO APPLIED LOGIC LEVEL INDICATOR Foruse i

detecting TTL,
3 Wrong polarity & overload protectors provided E[;;[”;}l,]p.//gp
% Detection of the peak value of input waveform and other pulse

% Open circuit or faulty IC can be detected
% Alllogiclevels are visible at a glance
% Unigue high/low level probe

ASSOCIATES LIMITED -
Bishop's Stortford, Herts. Tel: 0279 56347. Telex: 81657 Jaylamps Stort.

circuits.

".£14-00

including pp 4+ VAT
Discounts for quantity

!

WW—020 FOR FURTHER DETAILS

Audio Connectors

Broadcast pattern jackfields, jackcords,
piugs and jacks

Quick disconnect microphone connectors
Amphenol {Tuchel) miniature connectors
with coupling nut

Hirschmann Banana plugs and test probes
XLR compatible in-line attenuators and
reversers

e Low cost slider fadets by Ruf
Future Film Developments Ltd.
90 Wardour Street,

o London W1V 3LE

01-437 1892/3

WW—109 FOR FURTHER DETAILS
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6AR6 1:00|6H6GT 0-25|124C6 0-70|30FL2 0-67 1-00|EB91  0-20 | EF184 0-35| KTW611-50 [ All goods are unused and subfect to the facturers’ guarantee. Business hours Mon.-Fri
6AS7 1.00|6J5GT 0-45{12AD6 0-g5(30FL12 80| AC2PENDD |EBC41 0-75 |EF804 125 | KTW621-50|9-5.30 p.m. Closed 1-2 p.m.
6AT6 0-45|696 0-30|12AE8 0-65|30FL13 -55 100 EBC81 0-35)| EH90 0-55| KTW631-00| Terms of business. Cash or cheque with order. Despatch charges:—Orders below £10 in value,
6AUS 0-30 6J7G  0-80|12AT6 0-40|30FL14 -78|AC8/PEN EBgO g“ EK% 035 g%lﬁf 300 add 2gp lorAgnat andl;:ackln; Onliex-: gveré:lo‘po:'. un&y;acklnglr:e of charge. All.lorders"c‘:leamd
08I 7(M) 0-45|12AT7 0-34{30L1 ¢ 0 BC91 0-45| EL32 0-50 75 | same day. y parcel insured against damage in transit for 3p extra per parcel. Conditions of
. 6AV6 0-45/6JUSBA 0-75|12AU6 0-45|30L15 0-75 AC/PEN(7) |EBF80 0-39|EL33 2-00 | MHLD61-00 |sale available on request. Please enclose 8.A.E. for reply to any correspondence. Many others in
6AWSA0-86(6K7G 0-30|12AU7 0-33|30L17 0-70 1-00 |[EBF83 0-43 |[EL3:1 1-00| MKT4 1-00]stack too numerous to list.
MlL SPECIALIST STOCKISTS OF SERVOMOTORS, SYNCHROS, MAGSLIPS & CONNECTORS

SYNCHROS

EX STOCK

Csemw ano[ éleclronic Cgales ,Qlol

AVAILABLE IN Post Orders and Technical enquiries to: 24 HIGH ST., LYDD, KENT. TEL: Lydd 20252 (STD 0679)
5 CASE SIZES VAT No. 201-1296-23 Also at 45a HIGH ST, ORPINGTON KENT. TEL: ORP 31066 TELEX 965265
TELEPRINTER PAPER. Standard rolls. 1 ply £3.80 per doz. - 0,
FROM 2 ply £3.80 per doz. 3 ply £4.10 ;r:errdoz. 4pl‘;y£4.40 per doz. Al ALL PRICES INCLUDE 8% V.A.T.
E Rk ATelexlyouriorcerinow] LEMANIA AIRCREW CHRONOGRAPHS
£2 90 { ) SOLAR CELLS. Ferranti silicon MSIIBE. active area 390 Stalnless Steel case with
- exc sg. mm. Open CCT voltage 550mV at 3000 lumens/sq. ft. Sht. screw back; luminous hands
TYPE TAD Cct. Current 60mA. Optimum load 90 ohms. Dia. 34mm. Thick- and markings. One fifth sec,
ness. 6mm. mtg thrd 1/4-2B unf 2A. Ex made up panel. £1.35 sweep hand controlled inde-
{inc. P. & P. and VAT)} pendently of main movement
by press to start, stop and

\

return to zero button. 15 jewel
movement. Many of these
watches are as new but all
have been completely over-

Metal Oxide Resistors

AVAILABLE IN (ELECTROSIL & WELWYN)

H hauled and checked for
3 CASE SlZES Tanta|um capaCItors accuracy Fitted strap. White face £18 25 Black face £19.20 inc.
FROM (KEMET, ITT, PLESSEY, ETC)) P.&P Al C
MANUFACTURING QUANTITIES | & wATenes o wim ushes
£2 80 steel case with screw back
- {exc) and black faces. Manufactured by
GAS CHROMATOGRAPHY RESEARCH OVEN CYMA. VERTEX, RECORD. etc.. to
TYPE SA PV4051/4056 (other GC items in stock) a standard cification, Complete'y
capacity oven of low thermal mass for use between 35 and overhauled. itted strap. £8.80 inc.

& P. We also have fimited quanti-
ues of these watches by OMEGA.
LONGINES, BUREN. HAMILTON,
JAEGER LE COULTRE and IWC at
£15.25inc. P. & P

A Iar%e

401 Provides a forced air circulating system yielding 1000
changes of air per min. The oven has forced air cooled outer
surfaces when the internal temperature is high. 210-250V. 50Hz,
2.6KW. £29.50. {C.Pd. England and Wales}.

A.C. SUPPLY PANEL for 18in. rack mounting carrylng two
2kVA Variacs with double brush assemblies providing four
lndlwdually fused and metered ou(puts of up to 4kVa and 270v

at £48. ding carriage and V.A.T.

FOR YOUR PRODUCTION REQUIREMENTS USE

ALPS PANEL METERS

PRICE LIST—SAE PLEASE!

DRY REED INSERTS

P ——— (0% mainland). o s}
PR Be oy
- @ 3 AVAILABLE MITSUBISHI MEMOPACK MODEL T165, 74 in. x 3 Overall length 1:85in, (Body length 1-1In.) Dlameter 0-14in. to
N 2 in.. weight 1.4 Ibs. with batts. B transistor circuit wit ;;vl(ch “é’ fo 5&%‘ at 1‘6%.(2235.&" D;s'og?l‘ézg:"d co{;f%&'
|N 3 cAsE erase ang l4:nas aéectronllc hsp(a:gncontrg{/ on clapstzansgnbs. AIT (?:rrrlagle”pald U?(sr H per 1 3 per 10,000,
Powered X 1.5V penlight for sutt Int 27 bino '
SIZES FROM 3.5mm ;acls for ear/p and 2900 Q mic (STD cassette impedance). Heavy :“t" t": (g"d& '°A"°éh gnI; ‘“r""‘"e' ? ”""-g: _g‘“ceh
Recording time up to 80 mins. Takes 46mm spools (No2} of § in. up to JA. at up to 250V, A.C. Gold clad contacts, (X
7 doz.; £6-78 per 100; £51-40 per 1,000; Changeover Heavy Duty
£2 85 tape recording at 13" P/S STD half track. Battery life 4 ho:rgoTwo iypo £2.70 per doz. All carriage paid U.K.
- (eXC) (’:,q&n’;rols Volume + play—Record—rewind switch. £1 inc. povnmg MagmuSOpper doz.: £6.80 per 100 £65 per 1000.
TYPE SR All carriage pait

PLESSEY GROUND BASED U.H.F. GROUND/AIR TX/RX
FOR EXPORT ONLY OR SALE TO LICENSED USERS

Single Channel Receiver 5820-99-932-5694

Single Channel Transmitter 5820-99-932-5698.

Operating Coils for 12v suﬁly to accept up to four standard
reeds £2.20 per doz.: per 100. Al carriage paid U.K.

OVER 300,000 IN STOCK!

Single Channel Amplifier 5820-99.932-5701.
RAPID DELIVERY! (P:g:n!laleer Sn?pﬁf(ggg;gég%%%ss 932-5700. MULTIWAY AND R.F. CONNECTORS
13 . o
LOW COST! These assemble into 3, ree Standing reck unit providing Ui, | DY twenty different companies!
my nications over to Iz, t er t . .
HIGH QUALITY ;?vnnrgul100A':l\rl‘ans RE_ouput into 50 Ohmsed Sga'lf:psulblulrl\?!'s Send us your detailed requirements
labl te e ew S det: . .
QUANTITY DISCOUNTS roquest, 1@ guaranieed new and unused. Full detalls on | quoting Nato numbers if known. TELEX
SA65E FROM Solartron Oscilloscopes in stock CD1183, CD1212, CD1220. 965265
TYPE C0O1400. P.O.A. and Instruments SRS151, 152, VP253.
£5 001 0S$103. CO546. JX641, JX64‘A VF252, JX746. LM1420. WEE MEGGERS, 250V £12.53. RECORD MEGGERS, 500V
- exc) SAGS5E TD960, JX603. JIM1600. etc. . . . P.O.A. £15.92 (inc. P. & P. and VAT).

’
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P1

1 fggcl;]Gten, P2 Width or Delay, P p,

o Mugu,l]aurts' P5 Van‘@ble Slo;;e. Con?
pete ¥ Lonstruction. Clgck 0.1H;

2,1 switche,
015 iy ppcce steps

The Alphanumeri
e ; & NIXIE tube g
aa'bufl:yl; to display ail the letters ofstth,r
c"p et, numerals 0 thry 9 ang s, e
3F3C1ers in a single 1ybe pecil

l uency Range 9
;:: time less than 1nS Ex-Demon-

stration. New condition in manufac:
turer's originafcarton.

independently adjustable

over 10:1 ¢,
-1 range,
9e. Double pyjse output, From the standpoint of poy

h readability ang electrical

iable Short circuiy i
OMc/s continuousty varial protecti tha et
QAKcch:l:w‘otA%. + Q%F-S‘V into 60 ohm external GSUBNCE PG 50£ PR'CE £275 :‘"’;’::vei:::;z';::nﬁlf"7";’,'“9'5! NIXIE tube proyige,
QUTPUT 20my=1Y in 170v-2 ncluding s
N mnstion co;“"musw e ’"depen'aﬁnf gn‘aﬁs 2EENERATO R x nunmiorm‘,“’m:":uous' i et
N N e . . e ¢l
‘;j::{;f}’mfoimm on open c"clm‘sgg}nv ber‘raeyv ;ms-l% S TeCs in z-le:zwg“m width * né?:’é’?.n'?"y'i'.’,f.'-'“,‘,’ le sofid n".'.":f-n'v’."t'.i""-"“""“‘
3 S, Exi S180s. nse tim, bri igh ambient | U
AISE TIME less than 31 up 1ate generay emal trigger ang | e 1ightness s Lgng fite i 9N 200
QUTPUT . or. and internat * ong life with -U0foottamberts
T:‘zﬁg.?\,o, 2.0V into 50 ohm ex:ac';r:l‘,i‘gv Advanc T. PRICE £120 Cha’am”‘e'ﬂmliins. 0loss afbrighiness
nation maximum o;,‘g:é on owe N e T.V. Dot and Cross Price 9
R tme romealy | 12 natch Generator $673 il 9P cact plus 16
me o H
W, ink SinD. UKF ax"|!3:1" s‘:.'um;f.“"""e“ Signal at VHF ang Dfssgiutj% bove 60p each g
w71 q roceiver. T ranges. g, 2731 sockets of TGIVEN FOR qu
£D PRICE £ (WO g e, Bang I o s, JUSTARA ANTITY OROER
ultra-long uggm',.'f"ﬁ““"-""_mcnuumg;s

Modulation 405 (; On Harmonics { 00|
nes -MOD).
% ) &:' 825 Lines

LAST L
{ p/P .50 Demoy
t 35 / 1 SPE nstration, Now

ndependent decimal pg, MS. Supply ol tage
200v p q

OUR PRICE - 1A FFER
Also available THIS MONTH 100ps. Cha Current 14ma
c0 100Ke/s-30Me/s. onwy £29 50 [ 1.4 areciure haigny 0,575 duration
'Pnr?Cnufacturers requirgu2ranteed. Suern?.','ss‘le
5,25 £1.00 254 %5 VPe B5853s
. 100+ 80p.

f 2 d
000 + Price gn 3pplication

PES
7950

SPECIAL OFFER OF COLOUR T.V.

R
TESTER 680 ELDS
ARY SUPER ’ o per Vot 10 F
THE REVOLUTION ensITVITY 20,000 70 T A AND F.M. MEASURING EQUIPMENT
BY WANDEL AND GOLTERMANN
VZM1 Measuring set for measuring phase and amplitude moduta-

TS -
L PATER':N GES. ACCURA

TIONA
ERNA NT AND 80 ¢ fields @

tion distortion for Colour T.V. Sub carrier {PAL Systems)

ernat magnet!

FOUR INT!
REME >
OF MEASU s: 4 against ext and stability
QUTSTANDING Fi\ﬁ,";ﬁswmv ° Fu\(\\(zs;fee“ges % 32mm) ® Aic:;:c:n Y
s per i ions ek d ease O B ble -
20,000 Ohm b mall case dimensio ing ® simpticity aM irouit board. 1S removan’e VZM2 Measuring set for measuring phase and amplitude modula-
N (ed reading printed cif anges’ 4 . : b X
§ indica \oad ® P YOLTS AC.= 11 rang tion distortion for M | FM radio sy with base bands
her metar. Votts. vOLTS B.C p up to 12 Mc/s. £295_00
VZM83 Generator and Receiver used to measure transmission
radio link systems. Superimposed signal

distortion on FM

1 NV
S 23 o : 52/304/556KkH
\ . i1 z.
MPDC. A : oy 3 £275.00
2000 Ko 100 mA-1 Amp A 500 eA8 TG rom 010 10 F e wzgm‘j‘g";ﬁ&: pockproof  PROGRAMME BOARDS BY SEALECTRO
mA-2.5 Amp and 5000 L hms- E‘(;on ouTPUT VOLTA 24 470 db. CAPA 0 o 200. from e o These boards are basically a multi-pole multi-throw switch device
x100-x1 x0.0 500 and fro 10 SOELS 10 ranges " and from o 1o 20. from Bold figures ca consisting of a X-Y Matrix with two contact decks in the Z Piane
2 ranges: from O © DEC‘B()OO pF using the mains porated 3 Volts battery running at 90 degrees to each other. Contact is made by either,
1 v and 0-100-5 nd trom O t© 500 ¢ farad using the incorp shorting or plugging in pins. Ideal for prototype work, etc. Boards
| 50.000 ant Mo 20.000 (IR available in 2 planes, 24 X 50 £29.20 X 11 £15.
Pins now available at 15p each.

(c;oﬂ;‘oozw 0 and from
N putton.
indicate depres® CAN .

KA,

micho S /1
%EAEROTEST 80

seD N
B&P%RTESTER

RIES s
ACCESSQ THE
THESERETION Wildter 80 < ror
&80R and MICTTA Transisto ASURES Oniy
. er M, 18 mm AMPEX SP-300 FM/BIRECT RECORODER/ o
Signal } Meter TeS"tan AZING Ya1yp REPRODUCER 4 Chanvels. Speed 13, 33. 71 15 oy | 'Q -
h\iCCtor For Ff’"ms and f4 aff,, 95 ips. Autter 0.15% at 151 ips. Frequency Response: 'ﬂ) bl |
pasuing S s Bields of " instrumentation 50Hz 1o 40Hz at 15 ips. Audio ;
T e netic "c'ﬁf';s "'e"r-nme,i‘"" 50Hz to 18Khz at 15ips. £1950 !
z 3 . Miges 5y
field . ® 20 R S
it e enas Electronic Voltmeter Surioeg 2 ot o SPECIAL OFFER OF TELEPHONE :
eoniebing €695 | EV138 oy ot s [ S 0 el et CARRIER TEST EQUIPMENT
‘ / ‘ 1 ﬁ;‘a?c. :nd ,sacr:eened eeml"svtab' wit An unusual offer of a system up to 15 Mc/s for the
Ampel'c amp /, 1.6Mohms 'ndig:fegf a CBssoﬁne':a' measurement of level attenuation on telephone carrier
For measuring L shunted by 10pF 3’.’,‘,’,‘1”55 oﬁ,as‘;";gd % in equipment and wide band radio relay systems.
readibifiry, SIEMENS sweep frequency system consisting of:
3W518 Level Oscillator 10 Kc/s—17 Mc/s; 3D335 Level

200V 1550, 8 ra :
Ssoon” sopen: Ty gy o
A oY Selective Meter 10 Kc/s—17 Mc/s;3W333Sweep Attach-

a.c. currents

from 250mA to h S nce
500 amps P ase eq“e s 250V 4 5
1.95 . m, Ngesy : 51000 dxoq, ANges ) a
€1 \ l d'cator To indicate 250ma_3’s Amp. A c?““‘“%;{]&%& ment: 3D346 Large Screen Level Tracing Receiver.
'[emperature Pﬂbc : n 1\ the p::z: of SX 10-0x700 (d'; - a "::g;::?SO A‘fg"’{* Offered as a complete system asa 32M701.
PSR o Z”;l;hase cZgOOV, Decisbe'f" e.:7(1) 5\‘/0 fino a g ’&LQX ~ Special Offer less than Half-Price £1 950 00
range — 5010 - = supply. £6.95- 250 ‘L50de, ‘*6.28 rangoy. ;g‘?s\/-—sov._fgg Q). Enquire for individual items P.O.A. o
+200°C £11.9% i RESISTOR o ZSOOHF~25.S'OOC°F§Ocity q }a,,zzds- +:¥6~T Also available manual point to point system consisting
LIGHT METER “a‘""ii" £4.50 each (7% 998 26,5 of: 3W518 Selective Level Oscillator 10 Kc/s—17 Mc/s
3D335 Selective Level Meter 10 Ke/s—17 Mc/s

Price Per Pair£950.oo

FSSORIES AVAILABLE:
mﬁm&g"nﬁ?&%@'nﬁ'&"eﬂs,?cc'z?;ni"qﬁﬁin‘.‘;? £7.00 each. EH.T.

T )
g:g%?g\ands 0.C. voltage 10 25.000v. £5.95. -
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INCREDIBLE
RANGE OF

L
DIGITA SIGNAL GENERATORS
VOLTMETERS H.P_VHF Signal Gen. 608B
10MHzto 400MH,  £975
H.P_VHF Signal Gen. 608C
10MHzto 480MH;  £495
H.P. UHF Signal Gen. 6124
450MHzt0 1250MH;  £495 |
H.P_UHF Signal Gen, 614A
soomum 2100MH; £225

4
¥ 4

| FABULOUS

s apLavtans

-,
gG, e

Sweep Oscdlator 693D
Ilos::ope DigitalVoItmeterss;VDe LM1420£195 f}'FBS7 £139
osch Type 1420.2 £2
sotartron 1T o\ Trace DI Tupe 1420 2BC (Remote Ranging) £325 TF%]i%g £195
39 accurd acy- . Type 1420.2BM (DC + Wide Band Mean General R ' £275
lays- MPL\F\ER aandwxcs AC SensingDVM) £395 - nga adio UHF Unit Oscillator invoit
P AL TRAC vy Al Time: 14 nangance‘ Wide Range of spares for Solartron Da + PSU 250MH; to QGOMHZpoa Bheck; e
%u e Mds Rise ‘n ut \mpedanel Loggers Gompact 1 and Series 2. - Marconi PHM/AM Signal Genera- ® oy, Uchless™ (o
ey »_25 Roband DM2004 er7e | O TF2003 400KH; to 12.5MHz & D"errreau o 0 o )m "
1 m ith cafibrato’ & secs/cm O Dynamco 2001 mk2 p.oa. Hanu porta Mirror " tyge se Urements
girect. £ w 00 nan05ecs/ ""‘2 secs/cm- Crua }%,”J”‘? 1”09[(0)
' cale
6 Pow r 5 U I Ieb Readso" ’"ark d 'l:a;; d ename finish
25A .Co’"ﬂlet P Drovideq 35 small a5 MN6dia,
lmon’ ~State “’Bwtry
10% VARIABLE VOLTAGE HIGH CURRENT . H:dden brobe qnd
€. ext ”
ILABLE: Bandw width ns[:nv;w 50 m\/lcf:é ::g"pfzelvms!lt::eys ﬂg"u:‘ss.':::‘?:.umrxmuws operation in ends to 24 (60cln)
AVAe- 8 noseCs Se ohm 2pF Measutt computer i 1o highest ineering standard
i ( \mpe' for leng-term reliability and stability. Independent voltage and current
‘npéjuracv ﬁ % d"ed 149 50 meters. C Core Transtarmer,
Aca% with calibrator. ‘E Manufacturer's price probably in excess of £200. £2 5
P.OA

MULTI OUTPUT POWER SUPPLIES FA/I/TASTIC BUYS I/I/ PEN RECORDERS
Ex-c.o[nputerofferedat fnerefraction Pn‘tuntl mntn | " 10 CHANNEL EVENT

of original manufacturer’s cost. RECORDER

Response time 100 milliseconds.
APT 13334 Mk 11 LENS TU[,!,‘,,,',\,-',PGOOO ROTATION Chart width 110mm. Chart langth
Input 200/240V. + 10V —5Amp. — 10V —2Amp. + 24V —2Am 50ft Inv. capacity 72 hours. Chart
20V —8Amp. 20V - 2Amp. . PRICE £19.50 Y G e lhme spesds 20,80 180.600.1500 8400
Advances DC197 100 05 . Beckman - AS. Toamn. Wight 8 1bs<Price tom
6V 7.5Amp. 6V 11Amp. 28V 9Amp. PRICE £35 200 0! Beckman . . . . A ote wit Gl & L,
500 01 Beckman S ... plete with accessories
BRAND NEW MINIATURISED STRIP CHART 500 1 Relcan HElazID £52.00
eckman N
RECURDER BY RUSTRAK Madel 88 x 0 Beckman . 7218
This recorder indicates the magnitude of applied 2K . - Reliance GPM15
currents of voltages by a continuous distortion free g: °oo s gel"e’“' Controls . 35‘1‘05/4 o c
line on pressure sensitive paper. Moving coil K C;lj:;‘n o CLRZSD.’! o 1t
movement scale calibrated 1 milliamp D.C. 10K 01 Beckman X o . HIGH SPEED PEN RECORDER
internal resistance 100 ohms. Chart Drive motor 15K . Colvern CLRZ402 . Chart length 175 ft Footage indicator.
240V 50H2. ggK . g%’: geh';(wl . SAHJBJN Width of recording channel B0mm Chart
o K eckman CA spuds {selected ush buttons) 1.2-6-
Chart speeds 807 per hour £38 @ or 6" or 12 | 3 05 Beckman SA1692 30601 35300 800-3000mm e
perhioy : 50K ... .. .. Reliance . . gZI]SU mmule IFull deflection current BmA
50K LB P g Internal impedance 210 ohms. External ©
S|NGLE PEN RECORDER by Record Elec"“:d 50K 05 . Beckman . A impedance 800 ohms. Dimensions [:;u’::“r::el £180
3" chart sensitivity 1 milliamp chart speed 9 100K .. 01 Beckman A 320X 340X 175mm.  Weight 35 lbs.
1 and 6" per hr. Size 8" X 11” X 6". Offered 100K Cobvern 2501

Price complete with accassories. Tc::.!,.ga £310

PORTABLE AC/DC

complete with pen assembly. Listed at over
£120—this month’s special price due to bulk

purchase. THREE TURN 780° ROTATION RECORDING VOlTAMMkEI'ER
mA i 100/100 Beckman . . . .. TypeC . .. £300 Fitted with separate zero-marking pen.
L version £50 Accurery 15% DC. 2.5% AC. Measure
500pA version £60 ot mngesl—Ag and ug:]g-;g—}gg
250-500mA 1.5-5 Amps
FIFTEEN TU RN 5400° ROTATION
AC CLAMP VOLTAMMETER Ovarts . £650 2050070 n To0my. P
Clamp-on Voltammeter is used for measurements of 45"/455( Beckman B 10 watts . £6:50

100mm. Chart speeds 20-60-180-800-
1800-540C mmhour. Price complete
with accessories

£78.00 i

AC voltages and currents without breaking circuits.
Specification

250-500 Ampe- vansgn 300, so0 v, |NEW "Strobette” STROBOSCOPE-
Accuracy 4%. Scale length 60mm. Overall «:

£12.50 dimensions 283 X 94 X 36mm. Weight 1.5 ibs. TACHOMETER

Combined Stroboscope-Tachometer. 200 to 6000 flashes per minute. = MINIATUREREEN Rg‘égﬁlg‘g'l;
200 to 6000 r.p.m. Accuracy 3% or better. Beam angle 80°. il | 0T, Chart spoeds; Siow 70.60-150

Fiash Duration: 10 to 25 microseconds. Light colour Xenon white 500°.
Compact lightweight {27 oz.) easy to use one/off and on switch.

i o JOR
mm. .7 tbs. (3. . Price
24N9%5Yo mnn‘mlel:‘&ilh accessories £39"-0°

Carriage and packing charge extra on Please note: all instruments offered are second-hand and NEW CATALOGUE AVAILABLE EARLY IN THE NEwW ADD 8% VAT
all itoms uniess otherwise stated. tested and guaranteed 12 months unless otherwise stated. YEAR. WRITE IF YOU WISH TO RECEIVE A COPY. TO ALL PRICES

ELECTRONIC BROKERS LIMITED

PROMPTDESPATCH MAILORDER. CALLERS
49-53 Pancras Road, London NW1 2QB. Telephone 01-837 7781 WRELCOME MON-FRISA.M.to 5.30P.M.
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Everything you need is in our new 1975
catalogue. Available now price 25p

Trade and exparl enguiries w

PW TELETENNIS KIT

As featured on BBC Nationwide and in the Daily Mail, October2, 1974

This exciting new game is now available in kit form. Due to populardemand we are
now able to offer a fantastic saving on list prices. |deal game for whole family. No
need to modify your TV set. just plugs into aerial socket, Parts list as follows:

A. Resistor Pack £1.00 p&p 20p B. Potentiometer Pack £1.25 p&p 20p C.
Capacitor Pack £3.10 p&p 20p D. Semiconductor Pack £14.50 p&p 20p E.
IC Sockets £4.00 p&p 20p F. Transformer £1.16 p&p 25p G. PCBs £7.50
p&p 20p H. Switches £4.50 p&p 20p 1. UHF Modular Kit £7.20 p&p 20p.
Special prices—Complete kit {excluding case) £42.00 p&p 50p. Sections A-F incl
£23.50 p&p 30p. Assembly instructions with complete kit or 75p on request.

ST A 16p SN T4 20 16p SN7453 16p SN7491 £1.10
SMT4A01 16p GNT433 ITp SN7aka 16p SN74H2 T5p
SM7L01AN - 38p SNT7425 aTp 16p SK7493 65p
EMTA02 16p 5N7427 A5 I SHr4p4 BSp
SHTADT 16p SRTAD 16p Mg G485 B0p
ENT404 24p ENT432 abp Adp SH7456  £1.00
BN 7406 24p 1431 35p a8p SN74100 £2.16
SHT4A06 45p EINT43E 35p Sdip EN74107 43p

5M7407 alip 5W7440 1ip A5p Sm74118 £1.00
L

5H 7408 2 EN 41 85q I SN74119 £1.92
5M7409 a53: SNT447 88p £1.28 SN74121 57p
SMT410 16p GNT445  £1,58 #p SNT74122 80p
EHTAN 25p sSkHi4as  £2.00 £1.20 SN74123 72p
ENFE 28p 57447 £1.30 a26p SN74141  £1.00
5K7413 Bap 5K7448  £1.80 £1,58 SN74150 £1.44
5K7416 45p | SN 7450 16p 45p SN74190 £1.95
5N7417 30p =K7451 16p SRTA80 65p

CD4000 51p CD4011 51p CD4023 51p cp4041  £2.11
CD4001 51p CD4015  £2.66 CD4024  £1.90 CD4044  £2.11
CD4002 51 CD4016  £1.02 CcpD4027 £1.56 CD4047  £1.65
CD4009  £1.0 CD4017  £2.66 cpag28  £2.34 CDA4049 90p
CD4010  £1.07 CD4a020  £2.96 CD4029 £3.74 CD4050 90p

Copper Plain

Veroboard ¢ o5 i ol
2.5 X 3%in 36p 26p e 7p
2.5 X Sin 40p 40p — 19p
33 = 3pn 45p 40p — £

a4 % 5n 45p 47p - 32p
3§« 17 £1.61 £1,26 £1.00 B2p

Popular Semi-conductors

2N696 22p | 2N3707 13p |AD142 10p | LM709
24697 16p [ 2N3708  70p [ AD143 21p| TOS9  48p
IN698 40p | 2N3715 £1.50 | AD161 1 8DIL 38p
2N699 45p | 2N3716 £1.80 | AD162 P | 17p | 14DIL  40p
2IN1302 19p | 2N3771 £2.20 | AD161 pr |HBCY71 23 LM723C  90p
2N1303 19p | 2N3772  £1.80 AD162} 13p | LM74}

£1.05
2N1304 24p | 2N3773 £2.65 AF109R 40p
IN1305 24p | 2N3819 37p AF115

IN1306  31p | 2N3820  38p | AF124 |=

IN1307 22p | 2N3823 £1.42 | AF125 30p [3D13L agp | LM747  £1.00
ZN1308  25p | 2N3904  27p | AF128 28p {1136 a3p |LM7805 £2.00
ZN1309  36p  2N3905  24p | AF127 8Bp  ED137 §6p | MC1310 £2.92
ZN1671 £1.44 2N4036  63p | AF139 ¥p EUD138 63p | MJ480 30
IN1671A £1. 2N4037  42p AF178 ®5p | B39 71p | MJ481  £1.14
N16718 £1.72 | 2N4126 20p AF179 65p | ED140 87p | MJ490
241671C £4.32 | 2N4289 34p | AF180 88p | 13F115 IS5 | MJ491 £1.38
242102 BOp | 2N4921 73p | AF239 Bip [GF116 23p | MJE340  45p
3N2147  78p | 2N4922  84p | AF240 72p [EF117 Adp MJE2955 £1.12
IN2148  94p | 2N4923  83p | AF279 64p | EF154 16p | MJE3055 68p
IN2160  60p | 2N5190  92p | AF280 54p |RFI1A3 32p MFC40008B 40p
3N22184 22p | 2N5191 95p | BC107 Thp | BF 150 35p MFC4010A 49p
3N2219  24p | 2N5192 £1.24 | BC108 18p | BF181 34p MFC4060 54p
1M2219A 26p | 2N5195 £1.48 | BC109 19y | 2F 184 30p MFC6040 91p

1%p |NES55V  70p

18p | 2N5245 43p | BC147
12p | NES60D £4.48

21p | 2N5457 agp | BC148

2 2N5458 4 BC149 125 | EFL9G 13p |NES61  £4.48
22:: 2N5459 ;?:.'chm 13p  EF19) 15p [ NE565A £4.48
55p 40761 amp | BC168B  13p  BF143 18p [ OC28 76p
22p 40362 sop | BC168C 11  EF200 40p | 0C42 50p
24p | ag3E3 figp BC1698 13p |135F237 22p | OC71 17p
24p | 40406 #4p  BC169C 13p |F238 22p | OC72 25p
26p | 40407 aap BC182 12p | BFX2ZE 30p | SL414A  £1.80
19p | 40408 Gop | BC182L 12p | pFXaED 27p | TAA263 £1.00
21p | 40409 52p [BC183 12p |aFxad 24p | TBABOO  £150
22p | 40410 52p BC183L 12p | BFXEE 30p | TBAB1D  £1.50
26p | 40411  £2.25 |BC184 13p |BFX87 28p  TIP29A 49p
2M 2926 11p 40602 agsp | 8C184L 13p | BFX88 25p | TIP30A 58p
FHI0EE 25p 40604 Biip | 8C212K 16p | BFXE 45p (TIP31A 62p
ZNIDE4  60p | 40669  £1.00 [BC212L 16p |BFY1% 62y | TIP328 74p
2KA0RS  76p |AC117 20p | BC214L 21p | BFY51 23p [TIP33A  £1.01
2N3441 97p |AC126 20p  BC237 13p | BFYS52 21p [TIP34A  £151
IN3442 £1.69 |AC127 20p BC238 13p BFY90 76p |TIP35A  £2.90

%H3415  10p [AC128 20p  BC239 13p BR¥33 agp [TIP36A  £3.70
Sn34i6 12'.; AC1B1V  26m | BC257 14p  C1060 65p | TIP41A 79
1H3417  21p ACi52v  17p | BC258 13p |CA3020A £1.80 |TIP42A Bl
3H3702  11p |AC153K  26p | BC259 14p |CA3046  70p [TIP2995  9dp
83703 12p |AC176 18p | BC300 36p |CA3048 £2.11 |TIP3055  Bop
; AC176K  25p | BC301 34p | CA3089E £1.96 ZTX300  13p
23p | BC307 11p | CA30900 £4.23 ZTX302  20p

187K
e 46p |ZTX500  15p

2N3706 9p |AC188K 34p | BC308 12p | LM301A
Prices correct at February 1975 but all exclusive of VAT. Post and Package 20p
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JOHN
CRICHTON

Electronic Equipment
558 Kingston Road,
London, SW20

Inland VAT add 8%

Prices shown include P & P, other
prices gladly on request.
Carriage extra for overseas orders.
Viewing by appointment please.
Phone 01-540 9534

TEST SET FREQUENCY RESPONSE
CcT381

Consisting of: sweep generator, indicator
response curve, flat-faced tube long per-
sistance. Power supply. Calibrator frequency
CT432. Frequency range: 10kc/s—33Mc/s in
nine directly calibrated ranges. Accuracy + 3%
of the indicated centre frequency. F.M. devia-
tion: (nominal). O-500k¢/s above—a4Mc/s.
0-400k¢/s at 1.5Mc/s——4Mc/s. 0-165ke/s at
600ke/s— 1.5Mc/s, falling to 3ke/s at 10ke/s.
Output impedance: 75 ohms resistive. Power
supplies: Mains 100-120V and 180-250V.
Frequency 50-500c/s. Consumption 340W
{nominal}. Price £195.

HEWLETT
PACKARD

185B. 1GHz SAMPLING
OSCILLOSCOPE.
Horizontal Sweep speeds: 10 ranges, 10

+5%. Magnification: 7 calibrated ranges
X1, X2, X5, X10, X20, X50 and X100.
Increases maximum calibrated sweep
speed to 0.1 nsec/sm: with vemier maxi-
mum sweep speed is further extended to
0.04 nsec/cm. Intensity and sampling in-

nsec/cm to 10 sec/cm, accuracy within |-

MUIRHEAD 2-PH. L.F. DECADE
OSCILLATOR Type D88O0.

Frequency range 0.01c/s—11.2kc/s {con
tinuously variable above 0.1c/s).

V.L.F. 0.01c/s—0.1¢/s in steps of 0.01c¢/s.
Hourly frequency stability.

Ranges X1, X10, X100 +0.05% After
Ranges X0. 1. V.L.F. +0.1 } 3 hours.

T.F.801D/1/SA M.SIGNALGENERATOR.
Freq. range: 10 MHz to 485 MHz. Built-in
crystal calibrator. Internal and external sine
a.m. External pulse modulation. Calibration
Accuracy: Using crystal calibrator. within
+0.2% over entire frequency range. R.F. out-
level 0.1V to 1V source e.m.f.

OA_1094A/3 H.F. SPECTRUM ANALYSER
with L.F. extension unit type TM6448.
€req. range: 100 Hz to 30 MHz. Measures
relative amplitudes up to 60 dB. Spectrum
width 0-30 KHz. Sweep duration: 0-1. 0-3. 1.
3. 10. 30 sec. and manual. Full spec on
request. £250 as seen condition, buyer to
collect.

OA.1094A/S H.F. SPECTRUM ANALY-
SER. Freq. range: 3 MHz to 30 MHz in nine
steps. spectrum width 0 to 30 KHz. Sweep
distortion: 0-1. 0-3, 1. 3. 10. 30 secs. and
manual. Full spec. on request. £150 as seen
condition. buyer to collect.

7111 ROBAND TRANSISTORIZED
SUPPLY. Mains input 110V or 230V, output
0-50V at 5 Amperes cont. variable, overload
cut-out. As seen £15.

REMSCOPE S01/740 STORAGE
OSCILLOSCOPE.

F : Yellow. r ion: 40 lines/t
E.R.T.: 8kV. disptay time: 10 mins—1 hr
approx.. storage time: | week approx.

CD 1212 WIDE-BAND GENERAL-
PURPOSE OSCILLOSCOPE.

Employing plug-in pre-amplifiers for single or
dual trace displays.

Wide-band p lifier CX 1251. Bandwidth:
DC —40Mc/s {-3d8 + 1dB): 2.5¢/s—40Mc/s

tensity are not

AC led (—3dB + 1d8). Rise time 8 nano-

by g

High frequency: Input frequency: 50 to
1000 mc for sweep speeds 200mv and
1000mv: +3%. Time: Approximately 5 sec
burst of 50 mc sinewave. Frequency
accuracy +2%. In addition the Model
1858 provides output signals for X-Y
recorders and provides means for con-
trolling the display either manually or ex-
ternally. Full specification on request.

Price £295.

430C Microwave power meter. £60
HO01-8401A Leveller amplifier. £39
8709A Synchronizer. £120

87348 Pin modulator 7.0-12.4GC.  £95
8732A Pin Modulator 1.8-4.5 GC. £65
8431A Bandpass filter 2-4GC. £40
797D Directional Coupler 1.9-4.1GHz.£30
8436A Bandpass filter 8-12.4GC. £95

SOLARTRON

CT. 436 Double Beam Oscilloscope.
AC 2.5¢/s—6Mc/s {—3dB). Rise time: 60
musec {approx). Sensitivity: 100mV/em—
100V/cm continuously variable. AC X 10:
The ﬁain of the amplifier is increased X 10
on all the above ranges to give a sensitivity
range from  10mV/cm—10V/cm. input
impedance: Constant on all ranges. 1MQ
in parallel with approximately 30pF. Time
base velocity: lcm/usec—lcm/sec con-
tinuously variable. Linearity: 1% approxi-
mately (calculated). Amplitude: 16V pk—pk.
Cathode ray tube screen: 31" dia. flat face.
Dimensions: 10” high X 10" wide X 16"
long. The overall length is increased to
19”7 when the DC/AC converter is fitted.
Power supply AC input: 100-126V in 6V
steps or 200-250V in 10V steps. 45—
408c/s. 100 VA. Price £68 plus VAT. Full
spec on request.
g Modulator/Demodulator.
JF.1601 enables  measurement  of
dynamic response to be made on systems
and components emp!oring AC carrier
techniques. The JF.1601 may be used
independently as a general-purpose
Modutator or Demoduiator. Full spec and

price on request.

Voltmeter Valve CT54 (Micovac). with
mains power supply (power supply not
availabte separatelyl. In strong metal case
with full operating instructions. 2.4V—480V
AC or DC in 6 ranges, 1 ohm to 10 Megohm
in 5 ranges. Indicated on 4 in. scale
meter. Complete with probe. £12.50 including
p. and p. {Leads extra.}

MUIRHEAD FREQUENCY ANALYSER
TYPE D-669-B.

Frequency range 30c/s-30ke/s. Accuracy
better than 1.5%. Input voltage 300uV—100V
for full scale i S indicati
15uV. Maximum input voltage 300V r.m.s.
Price £95. Full spec. on request.

TEKTRONIX

230 DIGITAL UNIT.

Digital readout parameters. Pulse ampli-
tude. pulse risetime and falltime, pulse
width. time interval.

R116. 10-NS PROGRAMMABLE
PULSE GENERATOR

with Delay.
PASSIVE PROBE P8006 with 10X
at ion. desig for i

having an input resistance of 1 megohm
and input capacitance of up to 55pf.
Price £10.

sec approx. Sensitivity: 50mV/em—50V/cm in
nine calibrated ranges with fine gain control.
Dual trace pre lifi 1252 idth:
DC -24Mc/s (- 3dB + 1dB) AC coupled. Rise
time: 14 nanosec approx. Sensitivity: 50mV/
cm-50V/cm in nine calibrated ranges with
fine gain control. Full specification on
request. £128.

T.F.801B/3/S A.M.SIGNAL GENERATOR.
Freq. range: 12 MKz to 485 MHz in five bands.
Built-in crystal calibrator. Full spec. on
request.

CT. 373 TEST SET. Oscillator: 17¢/s—
170kc/s +1%. *1ic/s at ambient temp.
0°C-45°C. Distortion Meter: Freq. range:
20c¢/s to 20ke/s. distortion range: 10%. 30%.
100% f.s.d. 0.5% readable. Signal input:
approx. 500mV to 130V basic range. 250mV
t0o 1300V extreme limits. Full spec. on
request. £30 as seen.

AVO MODEL 3 VALVE TESTER. Enables
comprehensive characteristics to be plotted
or measures valves on a simple good/bad
basis. £55.

AVO CT 180 VALVE TESTER. As above
but in portable valise form. £65.
Viewing by appointment only.

PYE Precision vernier potentiometer 7568.
1pV to 1.90100V in two ranges. Accuracy
0.002%.

Belling Lee radio frequency interference filter
type Y2005S. 100 Amps 400V 440V. Single
wave £15. N

TF.937 F.M/A.M. SIGNAL GENERATOR.
Freq. range 85 KHz to 30 MHz. The carrier
freq. can be standardized against a built-in
dual freq. crystal calibrator. which is complete
with miniature loudspeaker as an aural beat
detector. £30 as seen.

TF.114H/S SIGNAL GENERATOR. Fre-
quency range: 10 KHz-72 MHz. Stability:
0.002%. High discrimination. plus crystal
calibrator. Good r.f. waveform at all fre-
quencies. Protected thermocouple level moni
tor. Full spec, on request. £220.

TEST SET DEVIATION FM No 2. The
carrier frequency range extends from 2.6Mc/s
to 10Mc/s and from 20Mc/s to 100Mc/s in a
total of eight bands: the deviation ranges are
0 to 5ke/s. O to 25ke/s and O to 75ke/s. £48.

RACAL UNIVERSAL COUNTER/
TIMER SAS550 (CT488}

8 digit in-,

line read-out.
Facitities
include:  dir-
rect frequency
measurement

uj to 100
l\x)Hz: pulse.
period, ratio,
time interval
and totalising
measure- 3
ments. Input sensitivity variable from 300MV
to 9V, three independent inputs, self-check
etc. Full spec. on reguest.

waany americanradiohictory com.
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PAPST MOTORS

Est. 1/20th h.p. Made for 110-120
volt working. but two of these work
ideally together off our standard
240 volt mains. A really beautiful
motor, extremely quiet running
and reversible, £1.95 each + 30p.

COMBINATION SWITCH
12 mini micro itch M

icr on
frame with four digital pumbered thumb (4
wheels,  Over combinations are (g}
possible. Equipment which you don’t want
switched on can also be used as a coding
switch. Neat and compact and measuring
;;;p;;x. 4" X 13" X 1}" deep. Priced at

12VOLT1

UNISELECTORS
As used in automatic switch boards, etc. 24V.operated. .
New—all 25 way full wiper type. We have the following

Infra-red Binoculars. Made for military purposes
during and immediately after last war to enable
snipers. vehicle drivers, etc. to see in the dark.
The binoculars have to be fed from a high
voltage source {SKV approx.} and providing the
objects are in the rays of an infra-rad beam. then
the binoculars will enable these objects to be
seen. Each binocular eye tube contains a8 com-
plete optical lens system as well as the infra-
red cell, technical data on which is available.

The binoculars are unused. believed to be in good order. In fact they were never issued and

NUMICATOR TUBES

For digital instruments, counters, timers.
clocks, etc. Hi-vac XN.3. Price 99p each.
10 for £9. Other types. list on request.

PRESSURE SWITCH

Containing a 15-amp changeover
switch operated by a diaphragm
which in turn is rated by air

are still in original cases. but since they were made a long time ago. they can hardly be
called new. Sold without guarantee. Price £16.50 per set + £1 carriage.

AMP

POWER PACK .
This comprises double-wound 230/240V mains transfi with
full wave rectifier and 2000 mfd smoothing. Price £2.50. plus 30p
post and packing.

[}
Heavy Duty Mains Power Pack. Output voltage adjustable from 15-40V in steps—

ressure through a small matal tube.
i is adjustabl

[4
but is set to Operate in approx. 10 in.
of water. e are quite low pressure devices
and can in fact be operated simply by blowing
into the inlet tube. O‘r’iﬁinal use was for washing
hi to turn water when tub has
reached correct level but no doubt has many
other applications, £1.72 each.

AMMETERS .
—moving iron so AC/DC—ideal

in stock: maximum load 250W—that is from 6 amp at 40V to 15 amp at 15V. This really is a high for chargers, etc. 2" sq. full
3 Bank £4.80 6 Bank .£7.30 power heavy duty unit with dozens of workshop uses. Output voltage adjustment is vel ggck vision, 0-8 amp, 98p. 1}" round
gg;’r:: I gpli! c gz—gg 185;": Eﬁ;g —simply interchange push on leads. Silicon rectifiers and smoothing by 3.000mF. Price 0-2 amp 5559, 0-3 amp 68p,
y n . y
4 Bank £6.00 12 Bank £13.20 £7.50 plus 85p post. Optanmelzee
: .. 727 5722} DISTRIBUTION PANELS
%Q&Ngzlﬁ&wjﬁﬂo.”m PN866-10. We have ’-—Just what you need for work bench or lab. 4 X 13 amp | SPIT MOTOR . .
no information on this but it appears that the main sockets in metal box to take standard 13 amp fused plugs and 200-250V _ induction  motor.
saction with coil fits to the spindle of the machine and on/off switch with neon warning light. Supplied complete with & feet of flex cable. Wired g"V'"?*,a ng"ﬂf '998?9’(98\::2
there is a contact plate to fit on a stationary part. 1t [ up ready to work. £2.76 plus 25p P. & P. running at 5 re\?:p.m ll;’m‘;ended
appears also that the clutch can be used as a partial break CENTRIFUGAL BLOWER for roasting chickens, also for
by putting reduced voltage into it. a8 a normal brake with Miniature  mains driven blower centrifugal type blower unit by driving ) o H

normal voltage or as emergency stop by putting increased
voltage into it. American madse and very well made at that.
Price £1.98.

MULLARD THYRISTOR
TRIGGER MODULE

This produces puisas for phase
control triggering, it has two
isolated outputs, so one thyristor
or two thyristors ({in separate
arms of bridge) may be con-
trolled by one module. The
timing circuit is synchronised to the mains frequency and
control is by an external variable resistor or from a
voltage or current source. Provision is made for feed-
back where automatic control is required. Price £8.95.

MULLARD AUDIO AMPLIFIERS
\

.

NEW 1K

maximum.

SWITCH TRIGGER MATS ; i . )
So thin is undetectable under carpet but will switch on with slightest
pressure. For burglar atarms, shop doors. etc.

24in X 18in£1.90
13in X 10in£1.50

L4

in module form, each
ready built complete with
heat sinks and connection
tags. data supplied.
Model 1163 500mwW power
output 80p. Model 1172
4 750mW power output 94p,

R Model EP9000 4 watt power
output £1.75. EP9001 twin

TAPE DECK

gude. Not new

channel or stareo pre amp. £1.99. 10% discount if 40 or insurance. WINDSCREEN
more ordered. WIPER
CONTROL

Woods. Powerful but specially built for quick mnmng—driven by
cushioned induction rxg}'or witb specially‘im

X X
biown into the equipment but to suck air out, mount it from centre
using clamp. Ideal for cooling electrical equipment or fitting into a
cooker hood, film dryin
soldering. etc., etc. A real bargain at £2.50.

DRILL CONTROLLER
W MODEL

Overall size. 44"

changes speed from approximately 10 revs. to
| power at all speeds by
includes all parts, case, everything, and full instructions. £2.28
plus 25p post and insurance.
£3.28 pius 30p post & p.

Electronicallp
ul

In metal case with carrying handie. hea:
Tape speed 3. Mains operated on metal platform with tape head and
but in good order. Price £1.95 plus £1 post and

U d  disc
lighting effects. etc. £2.80 plus 20p post and ins.
i % ilt Iov': m;llse bearings

. When mounted by flange. air is
o LIGHT DIMMER KIT
For dimming up to 250w without heat sink or
750w with heat sink. This comprises, quadrac.
variable control potentiometer. condenser. resis-
tors, tag strip for mounting and data. Price £1.50.
350W industrial model £3.30.

cabinet or for ramoving fiux smoke when

15A ELECTRICAL PROGRAMMER

Bl ——em'| Learn in  your sleep:
Have radio playing and
kettle boiling as you
awake — switch on
lights to ward off in-
truders — have a warm
house to come homae to.

fingertip control. Kit

ade-up modsl also availabla,

All these and many other things you can do
if you invest in an electrical programmer, Clock
by famous maker with 15-amp. on/off switch.
Switch-on time can be set anywhere to stay on
up to & hours. Independent 60-minute memory
jogger. A beautiful unit. Price £2.30 + Zggp. &p.

axtra.

i ]
fly wheel and capstan drive or with glass front, chrome bezel. £1.

TERMS: Add 8% VAT. Send postage
where quoted—other items, post free if
order for these items is £6, otherwise
add 30p.

J. BULL (ELECTRICAL) LTD.

(Dept
102/3, TAMWORTH ROAD, CROYDON CRO 1XX

to  suit con-

ditions. All  parts
. W.W.) and instructions to
make. £2.75.

REDIFON TELEPRINTER RELAY UNIT NO. 12: ZA-41196 and power
supply 200-250V a.c. Polarised relay type 3SEITR. 80-0-80V 25mA. Two stabi-
lised valves CV 286. Centre Zero Meter 10-0-10. Size 8in. X 8in. X 8in. New
condition. £8.50. Carr. 75p.

AUTO TRANSFORMER: 230V 50¢/s, 1000 watts. Mounted in strong steel case
5in. X 6%in. x 7in. Bitumen impregnated. £10 each, Carr. £1.

TEELPRINTER TYPE 7B; Pageprinter 24V d.c. power supply, speed 50 bauds
pc3t min. second hand cond. (excellent order) no parts broken. £15 each. Carriage

IN‘SULA_TION TEST SET: 0-10 kV negative, earth with amplifier provision

for checking jonisation. 110/230V a.c. input. S/hand good cond. £30 + £1 carr.

BRIDGE MEGGER: 250V. (Evershed Vignoles) series 2. £30 each. Carr. £1.

BRIDGE MEGGER: 2,500V, series 1. £30 each. Carr. £1.

CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range

3000-10,000KHz. Mains 230V 50Hz. Measures crystal current under oscillatory

conditions and the equivalent resistance. Crystal freq. can be tested in conjunction

with a freq. meter. £17.50. Carr. £1.50.

TYPE 174/1 FREQUENCY SHIFT ADAPTOR (Northern Radio Co.): Convert.

mark and space frequencies from the output of one or two Receivers into d.c.

pulses. Suitable to operate Teleprinters or similar devices. 110/220V. Further

details on request, s.a.e. £565 each. Carr. £1.50.

TELEGRAPH TERMINAL UNIT (A.T.E.) TYPE TFS3: Converts signals

from Receivers into d.c. pulses. Complete with monitor. £75 each. Carr. £2.

FURZHILL SENSITIVE VALVE VOLTMETER V.200: Freq. 10Hz-6 MHz

(can be used beyond 6MHz). Probe in circuit—voltage range 1mV-1kV in 6

decade ranges; full scale deflection 10mV, 100mV-1kV. Without probe 1001V~

100V in 6 decade ranges; full scale deflection 1mV, 10mV-100V. Accuracy +5%.

£30 each. Carr. £1.

NOISEI FIGURE METER TYPE 113A (Magnetic AB, Sweden): £125 each.
arr. £1. ° o

PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1-15MHz in 5 ranges.

Variable time delay microseconds 0-0.1c, 115V input. £55 each. Carr. £1.

ROHDE & SCHWARZ HF MILLIVOLTMETER: 30Hz-30MHz Type UVH,

1mV-1V in 7 ranges, 220V. £75 each. Carr. £2.

ROHDE & SCHWARZ VHF WATTMETER TYPE NAK: with matching

indicator, 30 watts, 200-470MHz. £25 each. Post 70p.

ADVANCE PULSE GENERATOR PGS55: £40 each. Carr. £1.

PHILLIPS VALVE VOLTMETER TYPE GM6014: 1-300mV in 6 ranges,

70-20dB, probe 1000Hz-30MHz, 300mV maximum. £35 each. Carr. £1.

TF-1345/2 DIGITAL FREQUENCY COUNTER: Range 10KHz-100MHz

with extension units. Details on request, s.a.e. £100. Carr. £2.

UHF MICROWAVE MILLIWATTMETER TYPE 14: Direct reading, can

be used to measure power from 100MHz upwards. F.S.D. on 4in. scale meter

2.5mW. £40 each. Carr. £1.

MARCONI HF SPECTRUM ANALYSER OA. 1094/3, Further details on

request. £250 each. Carr. £5.

Q METER: 30MHz-200MHz. £55. Carr. £1.

SIGNAL GENERATOR AIRMEC TYPE 701: 30KHz-30MHz, 7 ranges.
£65. Carr. £1.50.

TF-1278/1 TRAVELLING TUBE WAVE AMPLIFIER: £125. Carr. £2.
BPL A.C. MILLIVOLTMETER TYPE VM.348-D Mk. 3: 2 millivolts-2 volts,
6 ranges. £30, Carr. £1.

WAYNE KERR WAVEFORM ANALYSER A,321: Low scale 0-1200 c/s.
High scale 1-20 Kc/s, 600 ohms. Harmonic level is 0-55 dB in 12 steps. £75.
Carr. £1.50.

SPECTRUM ANALYSER TYPE MW.69S (Decca): Further details on
request. £200.

MARCONI DUAL TRACE UNIT TM-6456: £30. Post 60p.

SIGNAL GENERATOR TS-403B/U (or URM-81A): (Hewlett Packard).
A c{)ortable, self-contained, general-purpose test equipment designed for use with
radio and radar receivers and for other applications requiring small amounts of
RF power such as measuring standing-wave ratios, antenna and transmission
line characteristics, conversion gain, etc. Both the output freq. and power are
indicated on direct-reading dials. 115V, AC, 50 c/s. Freq.—1800-4000 Mc/s.
CW, FM, Modulated Pulse—~40-4000 pulses per sec. Pulse Width—0.5-10 micro~
secs. Timing—Undelayed or delayed from 3-300 microsecs from external or
internal pulse. Qutput—1 milliwatt max., 0 to —127 dB variable. Output Impede
ance—500. Price: £120 each + £2 carr.

H.V. TRANSFORMER: 8000/8000. Output 300mA. rms. Size: 12in. X 12in. X
36in. 230V input. £40. Carr. £4.

TELEPHONE CABLE: (Twin) 1,300ft. on metal reel. £7.50 per reel. Carr. £1
FIRE-PROOF TELEPHONES: £25-00 each, carr. £1-50.

TF.2000 A.F. SIGNAL SOURCE: £175-00, carr. £1-00.

POWER UNIT: 110/230 volts a.c. input. 28 volts d.c. at 40 amps output. £30-00
each, carr. £3-00.

SMOOTHING UNIT (for the above): £10-00 each, carr. £2:00.

X-BAND MODULATOR CALIBRATOR TYPE MC-4420-X: Mnfr. James
Scott. £125 ea., Carr. £1.

HP<766D DUAL DIRECTIONAL COUPLER:
75p post.

BACKWARD WAVE OSCILLATOR TYPE SE-215: 6.3 heater, 105V Anode,
7.9mA. Mnfr. Watkins & Johnson. £85 ea., Carr. £1.

TEKTRONIX TIME MARK GENERATOR TYPE 180-S1: 5, 10, 50 MHz.
£65. Carr. £2.

TRANSISTOR ANALYSER TA 1001 (K. & N. Electronics Ltd.): £95. Carr. £3.
POLRAD MICROWAVE RECEIVER MODEL R-B1: Complete with tuning
unit RS-T 1,900-4,340 GHz. £150, Carr. £5. .

ABSORPTION FREQUENCY METER (Measurements Corporation):
Consisting of 3 units 1-45, 2.2-400, 420-1000 Megacycles. £55. Carr. £1.
CHRONOTON MODEL 25E: 0.4-10 seconds in seven ranges. £50. Carr. £1.
AIRMEC MODULATION METER TYPE 409: AM or FM, 3-600 MHz.
£95. Carr. £2.

LISTS OF EQUIPMENT AVAILABLE: MOTORS; TELEPRINTERS;
ARS8 SPARES; TEST EQUIPMENT ETC. Send 10p for above lists.

ALL CARRIAGE QUOTES GIVEN ARE FOR 50 MILE RADIUS OF
LONDON ONLY,

940-1975MHz. £35 ea.,

ALLU.K. ORDERS SUBJECT TO 8% VALUE ADDED TAX. THIS MUST BEADDED TO THE TOTAL PRICE (including post or carriage).

If wishing to call at
stores, please telephone
for appointment.

3-B TRULOCK ROAD, LONDON, N17 OPG
Phone: 01-808 9213 and Bedford 740605 (STD 0234).
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The SECOND-USER

Computer Specialists

Peripherals and Systems for Data Processing
Systems, Equipment and Components

-

(]
[
Ad

Mini-Computer
Systems

Available for immediate delivery at greatly
reduced prices due to special purchase

bl "ﬂ"‘"‘-‘

]

Little-used PDP8E 12K system including: High Speed Paper
Tape Reader. High Speed Paper Tape Punch. Memory Drum.
ASR33 Teletype.

Just arrivead— PDP8L 4K processor with 8K extender box.

A phone call could save you a bomb! Ring now for price.
Other models becoming available all the time—let us know

your requirements.

Peripherals

ECONOMY RANGE
OF 80 COLUMN
HAND PUNCHES
£69.50 Plus C&rr. & VAT
Also model

u & VAT Ehc!rl:

Ovmml
ideal for
instadtations, OP training clmm schools, etc.

n ummn computer

PAPER TAPE PUNCHES & READERS

DEC High-Speed Paper Tape Reader/Punch for PDP8I. Hardly
used Our special price £1,500.

DAT DYNAMICS 1114 Rack-Mounted 110 cps Punch. as
new. Mounted in sound-reducing rack cabinet and com-
plete with control and interface electronics and power supply
unit with short circuit and overload protection. Asynchronous
operation up to 110 cps. Our special price £550.

FACIT 4060 150 cps Rack-Mounted 150 cps Punch. Heavy
duty punch suitable for all types of tape inc. Mylar. UNUSED
SURPLUS—A BARGAIN AT £595.

TELETYPE BRPE 110 cps Synchronous
channel. Self-contained mains-operated unit
punch unit. base. motor and tape supply spool.
Sound-reducing cabinet available at £15.00.

INVAC P135 solenoid- actualed punch 35 cps. 5/6/7/8
channel. Compact unit 73" 61" 5“. Power Require-
ments: Tape transport solenolds 2 DC 2A. Punch solenoids
26V 4.5A. Punch return solenoids 26V 2A. Minimum puise
width 16 millisec. Price £69.50.

Punch 5/7/8
consisting _of
Price £145.00.

FACIT 4001 High Speed

Reader. rack-mounted ver-

sion. 6/7/7 channel P
dielectric reader for speeds q 0

up to 500 cps lor 1000 cps
usnng‘l separate spooler). One
NEW unit available

in original manufacturer's
packil roun BARGAIN
PRICE £895.00. One little-

used second-hand unit also available at £650.00.

TALLY 424 cps Brush Reader. Reads all 5 to 8 channel tape
asynchronously at speeds up to 60 cps in either direction.
Rack-mounted complete with spools. £126.00.

FERRANTI TRS5 photoelectric transistorised reader. 300 cps.
5/6/7/8 channel tape. Mains-operated. Price £90.00.

INVAC Photoelectric Reader. Motorless. solenoid-operated
solid state unit to read any 5/6/7/8 hole tape at speeds up to
20 cps. Compact unn 63" x X 6”. Power Requirements:
tS:glsenmds g 2A. Ampllﬁer —12vDC 500mA. Price

FERRANTI TR2 Photoelectric Reader. Mains operated up to
200 cps. 5/7 channel tape. Price £35.00.

CORE STORES

MULLARD 1K 18 bit Core Stores. 4 matrix planes 64 X 32.

Keyboards

ELECTRO-MECHANICAL NUMERIC AND ALPHA-
NUMERIC KEYBOARDS originally designed for 80
column card punch and verifier machines. Numeric with 12
character keys and 8 instruction keys. Alphanumeric with
47 character keys and 8 instruction keys.
Price: Numeric £4.50. Alphanumeric £15.

PAPER TAPE PUNCH/VERIFIER KEYBOARDS. Full
alphanumeric keyboard with 65 keys + 4 shift keys in 4-bank
layout. 1SO coded. Operating speed up to 25 ch./sec. Mounted
in attractive case with contro} panel. Price £25.

Reed-Switch 4-bank Alphanumeric keyboard. mounted on
PC board and housed in metal case. 43 character keys + 2
shift keys and 16 instructional keys. Ideal for data displays.
computer programming. etc. Price £30.

PHOTO-ELECTRIC ENCODED KEYBOARDS. No metallic
switches or contacts. Generates any eight bit code to specifica-
tion.  Photoelectric  keyboard combines Photoelectric
encoders and power assisted solenoid actuators. 45 key
alphanumeric keyboard 4+ space bar + key interlock.
Qutput—Photocells 500K to 2 Meg. for Logic 1. 800 Ohm—
2 KOhm for Logic 2. —12V DC-OVDC Logic 1. Voltage
requirements —26V DC mA. —12V 60 mA. + 6V 5mA.
Price £45.

JUST ARRIVED—FABULOUS BRAND NEW KEY-
B8O0ARDS WITH READ ONLY MEMORY. Input Voltage
—12V DC: posi logic: TTL ible: odd parity 8-bit,
two-key rollover: strobed ROM
4-bank alphanumeric
keyboard with 77 key

positions + space
bar. Ideal for com-
munications  equip-

ment. Complete with
associated integrated
circuitry. Power
supply connections and binary-coded outputs
are made to a printed card connector at rear
of keyboard. OUR INCREDIBLE PRICE

Price £15.00. £49.50.
Add 8% VAT to all prices sl
extra—destail

i o vocaest COMPUTER SALES & SERVICES (EQUIPMENT) LIMITED

_ 49/53 Pancras Road, London NW1 2QB. Tel: 01-278 5571
HART ELECTRONICS

Audio Kit Specialists since 1961

BAILEY/BURROWS/QUILTER PRE AMP This is the tone control section of the best
pre-amp kit currently available. Consider the advantages:—*First quality fibreglass
printed circuits with roller tinned finish and all component locations printed on reverse.
*Low noise carbon film and metal film resistors throughout. *Finest quality low-noise
ganged controls with matched tracks and shafts cut to length. *Well engineered layout for

total stability. *Special decoupling and earthing arrangements to eliminate hum_ loops.
*Controls, switches and input sockets mount directly on the boards to TOTALLY
ELIMINATE g to these components. (We know of one pre-amp kit which claims its

controls mount directly on the board—and so they do. by their shaft bushes! You still have
to wire them upl!
*We incorporate the Quilter modification which is most important as it reduces distortion
and increases the bass and treble control range.

As can be seen from the photograph the tone control unit is very slim {only 14" from
front to back}) and may therefore be used in many other applications than our Bailey

ork which it is designed to fit.

METALWORK AND WOODEN CASES These have been under review for some time:
please send for latest information.

=832

S0 QUADRAPHONIC DECODERS

SQ the leading quadraphonic system. designed by CBS engineers. offers not only 4 channel ambiophony fram the

fast expanding range of SQ encoded discs but also |mmsnuly increased depth and fullnass of sound from
standard stereo recordi

Feed 2 channels (20(%1000mv as 0 your choce of any of our 3 decoders

most
and take 4 channels out with no overall signal level raducuon On lhe Iogn: enhanced decoders Volume, Front-
Back. LF-RF., LB-RB and Dwmension controls can all be implemented by simple single gang potentiometers—no
need for exatic 4-gang units|
These state-of-the-art circuits. used under licence from C8S. are offered in kit form compﬂsmg first grade
components anly—fibre glass circuit boards of professional quall(y designed far edge connector insertion. all
resistors 2% metal oxide. all and 5% or better and n decoder L2 uitra iow
noise (MPS A18-0.50B typ.) transistors usad in each amplifying stage.
M1 Basic matrix decoder with fixed ‘10-40° blend. 10 Resistors. 14 Capacitors, 1 Integrated Circuit. Printed
Circyit Board. £8-
L1 Full logic controlled decoder with "wave matching’ and ‘front-back logic' for enhanced channel separation using
three specially designed integrated Circuits. 24 Resistors 42 Capacitors, 3 Integrated Circuits. Pnnted Circuit
Board. £19-
L2 More advanced fult logic decoder with “variable blend’, extended fr back
separation. 43 Resistors, 44 Capacitors. 3 Integrated Circuits, 9 Transistors, 6 Diodes. Pnn(ed Curcuu( Board. £28-20.
Allkits include |C sockets and construction nates. Prices include CBS licence fee.
Pleasa write for further details in FREE LUIST.
Urited Kingdom: Post Free Piease add 8% VAT. Overseas: No VAT. Please add (per kit) £1-50 p & p AIR MAILor
B0p p & p SURFACE MAIL.

AMBIENTAC[:UUSTI

PO BOX 3000

ANDOVER, HANTS SP10 3EQ f

WW—079 FOR FURTHER DETAILS

F.M. TUNER This latest addition to our range is designed to offer the best possmle
performance allied to the ease of operation given by push button varicap tuning.
have taken great care to look after the constructors’ point of view and there are no
coils to wind. no RF circuits to wire and no alignment is required. in fact the whole unit
can be easily completed and working in an evening as there are only 3 transistors. one IC
and two ready built and aligned modules comprising the active components. We have
abandoned the concept of having a tuner as large as the amplifier and this new unit has a
frontal size of only 14 in. X 4 in. It can be mounted on the side of our Baile amphﬁef
metalwork thus turning it into a tuner/ampllﬂar whilst only increasing its width by 1

Cost of tuner chassis (no case} is £22 for mono, £25.45 for stereo. Metal case £3 55.
An extended wooden case to fit tuner and amplifier will be offered shortly.

STUART TAPE CIRCUITS Our printed circuits and components offer the easy way to
convert any suitable quality deck into a very high quality Stereo Tape unit. Input and
output levels suit Bailey pre amp. Total cost varies but around £35 is all you need. We can
offer tape heads as well if you want new ones.

All above kits have fibreglass PCB's. Prices exclude VAT but P&P is included.
FURTHER INFORMATION ON ALL KITS FREE if yousendus a9in. X 4in. S.A.E.
REPRINTS Post free. no VAT.

Bailey 30W 1

STUART TAPE RECORDER All 3 articles under one cover 30p
BAILEY/BURROWS/QUILTER Preamp circuits. layouts and assamblv notes 15p.

All prices exclude VAT.

Penylan Mill, Oswestry, Salop

Personal callers are always welcome. but please note we are closed all day Saturday

www americanradiohistorv com
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E.H.T. POWERUNIT. 110/240v. 501z giving 5 K.V. at
50 m/a. METERED OUTPUT. £17-50.

COPPER LAMINATE P.C. BOARD

81 x 6 x % inch 20p sheet. 3 for 55p. P.P. 10p.

10 x 4 x <% inch 12p sheet. 5 for 50p. P.P. 15p.

103 x 53 x % inch 20p sheet. 3 for 55p. P.P. 10p.

14 x 63 x 5% inch 30p sheet. 3 for 80p. P.P. 15p.
Offcut pack (smallest 4 x 2 inch) 50p. 300 sq. in.
P.P. 5p single sheet. 20p Bargain Packs.

TELEPHONE DIALS (New) f1 ea.

RELAYS (G.P.O. '3000°). All types, Brand
new from 37 ip ea. 10 up quotations only.
EXTENSION TELEPHONES (Type 706)
Various Colours £3-50. P.P. 50p. Exceilent
condition.

RATCHET RELAYS. (310 ohm) Various
Types 85p. P.P. 15p.

UNISELECTORS (NEW) 25 way 12
Bank (Non Bridging) 68 ohms. €£6.
P.P. 30p.

PRECISION A.C. MILLIVOLTMETER (Solartron) 1-5m.v.
to 15v: 60db to 20db. 9 ranges. Excelient condition.
£22-50, P.P. £1-50.

HIGH CAPACITY ELECTROLYTICS

2,200pf. at 50v. (2 x 1tin.) 40p. P.P. 5p. 2,200uf. 100v.
(11 x4in.) 75p. 3,150uf. 40v. (1 § x 4in.) 60p. 10,000uf. 25v.
(11 x 44in.) 60p. 12,000uf. 40v. (2 x 4in.) 75p. 16,000uf.
16v. {2 x 4in.) 60p. 21,000pf. 40v. (2§ x 4in.) £1. 2,800puf.
100v. (4 x 2in.) 80p. 35,000uf. 40v. (3 x 43in.) £1. P.P. 15p.
H.D. ALARM BELLS. 6 in. Dome 6/8 voit D.C. £2-25.
P.P. 50p.

OVERLOAD CUT-OUTS. Panel mounting (13 x 14 x fin.)
800 M/A/1-8 amp/10 amp. 35p ea. P.P. 5p.

BULK COMPONENT OFFER. Resistors/Capacitors. All
types and values. All new modern components. Over 500
pieces £2. P.P.20p. (Trial order 100pcs. 50p.) We are
confident you will re-order.

REGULATED POWER SUPPLY. Input 110/240v.
Output 9v. DC. 1§ amp. 12v. D.C. 500 m/a. £4. P.P. 40p.
S.Q.C.B.S. DECODER MODULE

Complete with [.C. M.C.1312P.

With the removal of 6 components a direct electrical sub-
stute for P. E."RONDO’ Board. £4 each.

U.K. ORDERS 8% V.A.T. SURCHARGE

TRANSFORMERS

ADVANCE “VOLSTAT’" TRANSFORMERS. Input

242v. A.C.

CV50. 38v. at 1 amp: 25v. at 100 m/a. 75v. at 200 m/a.
£2 ea. P.P. 40p.

CV75. 25v. at 2§ amp. £2-50. P.P. 50p.
CV100. 50v. at 2 amp: 50v. at 100 m/a. £3. P.P. 50p.
CV250. 25v. at 8 amp: 75v. at § amp. £5. P.P. £1,

CV500. 45v at 3 amp: 35v. at 2 amp: 25v. at 3 amp.
£7. P.P. £1:50.

L.T. TRANSFORMER “TOROIDAL"': Prim. 240v.
Sec. 30v. at 1.5 amp. Size 3 inch dia. } inch thick at
£1.25. P.P. 10p.

L.T. TRANSFORMER: Prim. 240v. Sec. 27-0-27 at
800 m/a 7.5v. at 1.5 amp. £1.75. P.P. 25p.

L.T. TRANSFORMER. P:im. 240v.
1% amp. £1-:20. P.P. 30p.

L.T. TRANSFORMER. Prim. 110/240v. Sec. 0/24/40v
141 amp. (Shrouded). £1-50. P.P. 30p.

L.T.TRANSFORMER. Prim.200/250v. Sec.20/40/60v.
at 2 amp. (Shrouded). £2-25. P.P. 40p.

L.T. TRANSFORMER (H.D.) Piim. 200/250v.
Sec. 18v. at 27 amp: 40v. at 9-8 amp: 40v. at 3:6 amp:
52v.at 1 amp: 25v. at 3-7 amp. £15. P.P. £2.

H.T. TRANSFORMER. Prim. 110/240v. Sec. 400v.
100 m/a. £2. P.P. 50p.

E.H.T. TRANSFORMER, 240v. Sec. 1800v. 50 mA.
£2-50. P.P. 50p.

L.T. TRANSFORMER. 110/240v. (‘C. Core). Secs.
1/3/9/27v. at-10 amps. £6-50. P.P. £1.

L.T. TRANSFORMER. Prim. 240v. Sec. 16/0/16v. at
2 amp. £1-60. P.P. 30p.

L.T. TRANSFORMER. Prim. 110/240v. Sec. 23/0/23v.
at 1-8 amp: 50v. at 300 m/a: 3-15/0/315v. at 300 m/a.
£1-75. P.P. 30p.

L.T. TRANSFORMER. Prim. 200/240v. (‘'C' Core).
Secs. 1v./3v./8v./9v. all at 1.5A: 50v. at 1 amp. £2.
P.P. 30p.

L.T. TRANSFORMER. 110/240v.
13.5v. 4A.: 39v. at 2A. £2'50. P.P. 30p.

L.T. TRANSFORMER. 110/240v. (‘'C’ Core) 1v./
3v./9v./20v./20v. all at 2 amp. £3. P.P. 40p. Same
Secondaries but at 4 amp. £4-25. P.P. 50p.

L.T. TRANSFORMER. 110/240v. (‘C’ Core). Secs.
1v./3v./9v. allat 10 amp : 35v. at 1 amp: 50v. at 750 m/a
£5-25. P.P. 75p.

Sec. 24v. at

('C* Core). Sec.

HIGH-SPEED MAGNETIC
COUNTERS. 4 digit (non reset) 24v.
or 48v. (state which) 4 x 1 x 1 in.
40p. P.P. 10p.

5 digit (Non-reset) 24v. 75p. P.P.10p.

3 digit 12v. (Rotary Reset) 23 x 12 x 1% in. £1 each.
P.P. 10p.

6 digit (Reset) 240v.-A.C. £3-50. P.P. 10p.

RIBBON CABLE (8 colours) £1.25. P.P. 15p. 10m:
£10. P.P. S0p. 100m. 8 cores 7/.mm bonded side by side
ribbon form.

1000 Type KEY SWITCHES. Single 2 x 4 c/o Locking
50p. P.P. 10p. Bank of 4. 2 x 4 ¢/0 each switch (one biased).
£1.20. P.P.15p.

RELAYS

SIEMENS/VARLEY PLUG-IN. Complete with transparent
dust covers and bases. 2 pole c/o contacts 35p ea.; 6 make
contacts 40p ea.; 4 pole ¢/0 contacts 50p ea. P.P. 5p ea.
6-12-24-48v. types in stock.

12 VOLT H.D. RELAYS. 2 pole 3 way 40p. P.P. 10p.

240v. A.C. RELAYS. (Plug-in type), 3 change-over 10 amp.
contacts. 75p (with base). P.P. 10p.

P.A.R. BISTABLE RELAY (latching) 24v. D.C. 4 c/o
contacts 65p. P.P. 10p.

SILICON BRIDGES. 100 P.L.V.1 amp § x § x # in. 30p.
P.P. 5p. 200 P.I.V. 2 amp. 60p. P.P. 5p.

24 VOLT A.C. RELAYS (Plug-in).
3 Pole Change-over 60p. P.P. 5p.
2 Pole Change-over 45p. P.P. 5p.

S.T.C. CRYS}’AL FILTERS. (10.7 Mh2)
445-LQU-901 A (50Khz spacing) £3.
445-LQU-901B (25Khz spacing) £4.

WE REGRET THAT ALL ORDERS VALUE UNDER £5
MUST BE ACCOMPANIED BY REMITTANCE.

PATTRICK & KINNIE

191 LONDON ROAD * ROMFORD - ESSEX
ROMFORD 44473 RM7 SDD

tester combines

signals,

ment illustrated
two-way

distant test
of leads or
20//

test leads.

P.O. BOX 177,

30 Graham Street,
Birmingham B1 3LP
Tel: 021-236 1608

POLITEST
PO2-A0/2

NEVER!
But it's true, the new POLITEST pocket
continuity
voltage locator, phase tester, pole finder
and an optional two-way communica-
tions unit all in one robust instrument. I
POLITEST gives audible and visual |
indicates AC or
differentiates between harmless and
dangerous AC up to 500V. The instru-
is also suitable for
communication
locations. No switching
resetting
Supplied complete with battery and

interpretation table available from:
POLIGRAT LIMITED,

! |

tester, |

DC and

between

No.
necessary. Ca‘a\ogue gl

Diagrammatic test =
s
-
NATTS, e
;\7’} N ot
~
Figeot —
¥ 5 \oen
Tporrt | We have made
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| to components,

@3@59@:’ t0.01%
o
Si451 £42.50 Si453
Comprehensive Millivoltmeter
350p Volts 20 ranges

prices plus VAT

JES AUDIO INSTRUMENTATION

i d lllustrated
Distortion
Unit—Ilow cost
tion measurement down

Low distortion Oscillator
sine — square — RIAA

J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (09762) 2501
CARR STREET, CLECKHEATON, YORKSHIRE

the Si4b52
Measuring + E.V. DISCOUNT PLAN
distor- [ from £5 to £14.99: 10% on orders value £ 15 or more.

£35-00

£50-00

WW-—016 FOR FURTHER DETAILS

it just about as comprehensive and up-to-xlje~mir]ute as
possible. Thousands of items from vast ranges of semi-conductors including 1.Cs
toots.
included as well as a refund voucher worth 25p for spending on orders list value
£5 or more. SEND NOW FOR YOUR COPY BY RETURN.
It's aninvestmentin practical money-saving and reliability!

+ E.V. PRICE STABILIZATION POLICY

PRICES shown in Catalogue No. 7. issue 3 will be maintained until March 3 1st
| (except in severe cases of market fluctuation) and reviewed only at 3-month
intervals. commencing April 1st. instead of making day-to-day price changes.

Applies to all items except the few where prices are shown NETT. 5% on orders

+ FREE POST & PACKING
In UK for pre-paid mail orders over £2 (except Baxandall cabinets). if under
there is an additional handling charge of 10p.

+ QUALITY GUARANTEE
All goods are sold on the understanding that they conform to makers’
specifications. No rejects, seconds or sub-standard merchandise.

ELECTROVALUE LTD

All communications to Dept WW.3.

28 ST. JUDES ROAD. ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHB.

Telephone Egham 3603. Telex 264475. Shop hours. 9-5.30 daily, 9-1 p.m. Sats.

NORTHERN BRANCH: 680 Burnage Lane, Burnage, Manchester M19 INA.

Telephone (061) 432 4945, Shap hours: Daily 8-5.30 p.m. 9-1 p.m. Sats.

U.S.A. CUSTOMERS are invited to contact ELECTROVALUE AMERICA, P.0. Box 27.Swarthmore PA 19081.

Catalogue 7

issue no 3

now ready

@ UP-DATED PRODUCT
& PRICE INFORMATION
@ REFUND VOUCHER

accessories. technical information and diagrams are

30p post paid
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- Dept.5 56, Fortis Green Road,
BIEOMASING electronies oo
telephone: 01-883 3705

RECTIFIERS BRIDGES TRIACS
o Wm RD::TId:"PBmid o
\ 5 Multicore

‘/
p =
50 INMOOL  &lp INS400 1540 BYX6] - 50 £3.21 75 | 25 2N60&8 45 18 swg size 5 32p
1007 INa002 7, INSa01 18k BYX6) -100 £3.48 200 40p 78 | S0 2Ne 52 225wy size 15 3%
L9200 INGO3 % INS402  17ip BYZI3  SBp  BYX61 200 £3.76 | 200 22p 45 90 [ 100v  2N&070 s8p cartonsize I =20
400 IN4OOL 9 IN5404 22 BYZI2  6bp  BYX6! 400 £4.29 | 400 25p 50p £1.05 | 200v  2N&07) 83p Adcola Invader 12£1.57
400 IN4DOS  1lp IN5406 2% BYZI 73 BYX62 600 £4.29 | 00 25 £1.20 | 400y 2N6073 68p 1706 19 wau }” bit £2.88
13 1000 38p 00y 2N6075  £1.49 L646 20 wati 3" bit £3.13

l Transistor covers
Line Available
Pins Plugs  Sockets  Couplers o i
2 9 7p (AP Temminals
3 10p 7o p 15p 173
4 1p 7p Ip Plugs TV2  (TO8) 15p 5F (TO5) for
5 (180) 1lp 8p e 13p 103 10p V3 (10 3) 16p 18F (TO18) SLA ay-g-
5 (240) llp 8p 1p 10p V4 (TO 126) l4p 7ip sL415
6 p % Tlp s (10220) 14p 18%p 100 N 400~4
7 13p 9% lp

CO~AXIAL

g Plug - Screened  11p
- Plasti 9

astie © U2(TCA940) 16p

U3(TDA2020) 35p

UI(TBABOO)  1ép ]]
U1{TBAB10S) Iép
U2( TBAB10AS) Iép

471',

=R Sackets 1.C. SOCKETS
Chassis 104
=y '&' Surface Hp m o

Coupler 25 T05 Dual-in Line
Style 8 pin 13p
14 pin 15p
8pin 31 16 pi 15p
PHONO Rige e
Sockets ® o gg’;
1 way 5p 40 pin d4p
2way  7p
3 7
-y B l.C. PIN SOCKETS
Rl 1.C.. pins in strips of 100.

Just snip off what you need .
&5p per strip

Plastic Moulded 7%
Chrome Screened 12%p
Coupler screened 15p

JACK

O O

Abrand New Audio 1.C . Leaflet with
Circuits and pin connections for
ALL the 1.C.'s listed below
FREE with orders over
£1.00 or 10p
without

Plugs Sockets
2.5mm *  20p 12p

3.5mme 209 12

0-1" pin centres 24 way + key
supplied with ends

/ Etch resist from o pen. Draw your

own printed circuit, then etch it. 84p

MAINS TRANSFORMERS

standord * 25p  15p

stereo * 27p  2lp

side entry
standard  48p

,./

* screened

SWITCHES

. High Quality Rotary 24 secondories
/; 250v 1A Mains —
? Switches 6-0-6v, 100mA 97p ; 20-0-20v 1A £4.55
S.P.S.T 25 & y 9-0-%, 100mA 97p ; 24-0-24v JA £2.48
D.P.D.T. 45 35 £ A i e A/ 12-0-12v, 100mA 97p ; 28-0-28 1A £6.18
' ,4@' 6: ¢ - & \*/o/ 18-0-18v, 200mA plus  0-24v 40mA 97p
4 Bulgin z 6\-:\" & 4e S A4
Rendor F——— - il i S —— A 24 4A
) % 0.25 9 16 C | MFCa0008 78p | Dual Low Noise +24 | A | LM381 [£2.16 0-9-17v £1.95  £2.27 £2.64
Subminiature 0.5 9 8 E |MCI306P |  68p | Duol Low Noise + 14 |A | LM382 |£2.19 0-12-15-20-24-30  £2.48  £4.15 -
Toggle 1 9 8 F |TAA300 £1.76 | Duol Pre-Amp + B | A | MCI303L| £1.59 0-24-30-40-48-60v  £5.18  £7.02 -
} l S.P.D.T. 48 push-to-moke 2 12 8 G TBA820 74p | Duol Low Noise ¥ 12 | A [ MC1339p| £1.31 A 1A 2A
- = 25p 2 18 8 A [Lm380 £1.08 |Dual low Noise 15 | A | TBA231 |  88p 0-19-25-33-40-50  £2.70  £3.40 £4.53
w' ide 24423 |18 B A |LM377 £2.91 General |
re D.P.D.T. 12 3 18 8 J |sLala | §1.72 '[D.C. Controlled otienvator MFC6040 Rf””ﬂk /”5"0 ~POWER
5 24 16 ) |sL4ls [ £2.24 |3 stoge G.P. amp. B | TAA263 ! -
. Erg Dil Switches 5 24 8 H | TBABOO | 940 | Tope Pre=Amp F | TAA310
e .»/ 7 16 4 H | TBASICS £1.07 Bi-Fet B | TAA320 sofe; inexpensive;
y lpole  Bway 9% 7 16 4 K |TBABIOAS | £1.07 | Hear/Aid Amp 1.3v |} | TAA370 quick,A.C . mains
": 2 pole dwoy B3 10 20 4 M |TCAMD I £1.94 | PPL stereo decoder(i) | A | MCI310 connector. A 13
dpole 2wy £1.24 15 30 3 O |BHAOOO2 | £2.60 g channel SQ * (i) | A | MC1312 omp plug top
Lorlin Water Switches 27p 35driver| 25 8 F | NES4OL £1.08 = pre-amp (i) | 16 | MC1314 containing snap
20 415 4 N |TDA020 | TBA c:as SQ Logic (i) | 16 | MC1315 connectors
1 pole 12 way; 4 pole 2 way £1.75
3pole 4way; 4poleIway (i) & (ii) Seporate leaflets available free only with purchases over £1

OVERSEAS CUSTOMERS DEDUCT

A h h\l s
VAT INCLUSIVE PRICES AT 8% 535358
+8R4 N 4 e PIN P&P On UK Orders 15p Overseas Orders at Cost
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APPOINTMENTS VACANT

a7l

DISPLAYED APPOINTMENTS VACANT: £6.08 per single col. centimetre (min. 3cm).

LINE advertisements (run on): 86p per line (approx. 7 words), minimum three lines. Advertisements accepted up to 12
BOX NUMBERS: 35p extra. (Replies should be addressed to the Box number in the noon Monday, March 3rd for the
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SE1 9LU). April issue subject to space being
PHONE: Allan Petters on 01-261 8508 or 01-261 8423, available.

Classified Advertisement Rates are currently zero rated for the purpose of V.A.T.

Electronics Engineers
bring your skills to Scotland.....

And make fuli use of your knowledge and exper-  tems testing and diagnosis and correction of mal

ience at Marconi's Hillend establishment in Fife. functions. Applicants must have previous expe-
) rience of systems lesting on electronic equipment

Our international pre-eminence in the field of com- 4n4 should preferably be quatified to ONC/HNC

puter controlled trainers. simulators and auwtomatic  qiandard Service in HM. Forces will also be con-

test equipment continues 1o attracl major Nnew CoN- ¢ qarad

fracts from military and commercial organisations

at home and abroad, creating new opportunities for

enthusiastic engineers lo contribute (0 specific asp-

ects of our technology Quality Assurance

L]

Electronics Desian Engineers
ec. ronlcs eSIQ Stringent quality checks are enforced at every stage
En Ineers of design. development and commissioning with
g Quality Assurance Engineers making a positive
contribution to design and production. including
liaison with government inspectorates and outside
suppliers throughout the world Previous efectronics
experience and HNC level qualifications are essen-

tial and specific experience of RF work .on trans
mitters/receivers would be an advantage

To work with closely integrated project teams inv-

olved n all stages of development work. Apphcants

should have atleast 1 years design experience. either

analogue or digital and should preferably be qualitied

to degree standard, although HNC/D will also be
considered

All positions offer a genuine professional challenge

_ . . and excellent opportunities for advancement In a

Test and Commlsslonlng secure, expanding organisation Assistance In

certain cases. may be given with rejocation 1o one

. b & of the many attractive residential areas in Fife. where

EnglneerS/TeChnICIanS localauthority housing is readily available Success-

ful applicants wil also enjoy the added bonus of the

To assist In commissioning activities including sys
o 'ng 95y county's excellent rural and recreational faciliiies

-------------------------------- For full details and an application form. just filf In the
coupon below. or phone Alan Smith on

Marconi Space & Defence Systemns Ltd inverkeithing (03834) 2131

Hillend Industrial Estate.
By Dunfermiine. Fife

] 1
' ]
] ]
] ]
] ]
] ]
: Name - :
1 Address . :
1

] 1
] ]

.................................. Marconi

Space & Defence
Systems (nillend Fite)

A GEC- Marcom Electromics Company
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Radio Operators.
How to see more
of your wife
without losing
sight of the sea.

A %ﬂg : ’dﬁ’ il

Wi
s,

IY'
annual
increases
| -after that.
= Though
7 we're
happy to

Post Office
Maritime Service.
We have openings for

take people

Radio Operators at /’{ 0/ o
»ﬁ from 19 up.

several of our
coastal stations. /

Thework /4 in addition to your basic
is just as / salary, you'll get an average

interesting, just allowance of £450 a year for

as rewarding as aboard ship, shift duties and there are

but you get home to see your opportunities for overtime.

wife and family more often. You Other benefits include a

need a United Kingdom General  good pension scheme, sick pay

or First Class Certificate in and prospects of promotion to

Radiocommunications, or an Senior Management. .

equivalent certificate issued by a For moreinformation, write

Commonwealth Administration  to: ETE Maritime Radio Services

or the Irish Republic. Division {L5632), ET17.1.1.2,
Starting pay for a man of Room 643, Union House,

250r over is £2,270, plus costof  St. Martins-le-Grand, London,

living allowance with further ECIA 1AS.

JPost Offfice

Telecommunications

Wireless World, March 1975

Test Gear
Engineers

Consumer Electronics

ITT, one of Europe’s leaders in the field of
consumer electronics, has achieved an enviable
reputation for the high quality of its range of
audio products and monochrome and colour TV,

At Hastings we can offer excellent scope to Test
Gear Engineers within the Industrial
Engineering Department.

Assistant
Chief Engineer

To deputise for the Chief Engineer — Test Gear
and co-ordinate the Test Gear Department in
respect of appraisal of test gear requirements for
new R & D designs; design, development and
manufacture of all test gear and its installation in
the factory and at sub-contractors. In addition,
he will be responsible for budgeting and project
appropriation and all maintenance activities on
test gear installations.

This position calls for an HNC and at least five
years' experience in the organisation and design
of complex test equipment in the consumer
electronics industry.

Senior Test Gear Engineer

Reporting to the Chief Engineer —Test Gear, he
will be responsible for supervising a team of test
gear engineers engaged in installation and both
routine preventative and emergency breakdown
maintenance of all test equipment at Hastings
and satellite locations.

Essential requirements are HNC coupled with
several years’ experience at senior level
maintaining electronic equipment, covering
audio to UHF frequencies and pulse techniques.

Attractive salaries will be offered together with a
wide range of benefits including pension/sickness
schemes and assistance with relocation expenses,
where appropriate, to this particularly pleasant
area. The Company is situated close to the sea
with some of the most attractive countryside in
the South East on the doorstep.

Write with details of your qualifications and
experience to David Harris, Personnel Officer,
ITT Consumer Products (UK) Limited,
Theaklen Drive, Hastings, Sussex.

i/ ) The heart of HastingsITT

4456
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HER MAJESTY'S GOVERNMENT COMMUNICATIONS CENTRE

HANSLOPE PARK MILTON KEYNES MK19 7BH

has vacancies in the following fields of R & D work:

(a) HF Communications (e) Optics including Infra-Red

(b) VHF/UHF Communications (fy Microwave

(¢) Communication Field Trials (g) General Circuit Design—Analogue, Digital

(d) Acoustics (h) Statistics/Operational Analysis/Systems Analysis

Most posts will be at Han§|0pe Park but some will be in London.

Candidates for post (h) should be experienced scientists/engineers who have specialised later in one of the required fields. An ability to deal with non-

technical people is essential.

Appointments will be made within the grades of Higher Scientific Officer except for (e), (f) and (h) where appointments may also be made within the
Senior Scientific Officet grade. In addition to the salary scales quoted, ali posts attract the Threshold Agreement Payment (£229 p.a.) and a non-contribu-

tory pension.

HIGHER SCIENTIFIC OFFICER

Applicants should be under 30 years of age but this requirement_may
be waived if special qualification or experience can be offered. They
should have one of the following qualifications:

(a) A degree in a scientific or engineering subject
(b) Degree-standard membership of a Professional Institution

(c) A Higher National Certificate or Higher National Diploma in a
scientific or engineering subject

(d) A qualification equivalent to (c) above
In addition the following relevant experience is required:

(a) Applicants with Ist or 2nd class honours degrees—at least 2 years
post-graduate experience.

(b) Applicants with other qualifications—at least 5 years post
qualification experience.
Salary Scale: £2,461—£3,371 with entry point dependent upon exper-
ience beyond the minimum required.

SENIOR SCIENTIFIC OFFICER

Applicants should be at least 25 and under 32 years of age, although
the upper age limit may be waived if experience of special value can be
offered.

Applicants should have obtained a Ist or 2nd class honours degree and
have had a minimum of four years appropriate post-graduate experience.
Salary Scale: £3,157—£4,441. Entry will normally be at the minimum
of the scale but applicants with experience of special value may be
entered above the minimum.

Applications, stating the ‘field of work and grade required, should be made to

Administration Officer

HM Government Communications Centre

Hanslope Park
Hanslope

MILTON KEYNES MKI9 7BH

[4478

TEST
TECHNICIANS

Kelvin Hughes the Marine Division of Smiths
Industries require Test Technicians who are
capable of fault finding on sophisticated marine
radar and echo sounding equipment.

The work is challenging with complex electronic
circuitry necessitating a high degree of diagnostic
ability. Experience or radar and/or echo sounding
equipment is desirable although specific training in
the equipment will be given.

A salary commensurate with experience and
previous ability will be paid together with
conditions of employment which would be
expected of a large Company.

The factory is situated in a pleasant residential
area within a few minutes walk of Hainault
Central Line Station. Applications should be made
either in writing or by telephone to Mr. R. J.
Stewart, Personnel Officer, Kelvin Hughes, New
North Road, Hainault, liford, Essex. Telephong

01-500 1020.
H# KELVIN HUGHES
A DIVISION OF SMITHS INDUSTRIES LIMITEO

la480

prowest

SENIOR DEVELOPMENT
ENGINEER

Prowest Electronics Ltd, a leading Company in the field
of Television, has a vacancy for an engineer with experience
in the design of Television Receivers or Picture Monitors.

The successful candidate will be responsible for the design
and development of the latest range of professional Moni-
tors, both Monochrome and Colour.

This post could be of particular interest to an engineer who
has already had experience in TV receiver design and now
wishes to progress to a less “fettered” environment.

A minimum salary of £3,500 p.a. is envisaged, and an appli-
cant of outstanding ability can expect appreciably in excess
of this. The Company offers an excellent pension scheme
and four weeks leave will be given.

Please write or telephone in the first instance to Mr A. Pratt,
Chief Development Engineer.

Prowest Electronics Ltd.,
Alma Road, Windsor, Berkshire SL4 3JA.
Tel: Windsor 53111

4464
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ELECTRONICS
ENGINEERS

(Test/Test Equipment)

We seek to recruit Electronics Engineers
(Test/Test Equipment) who have attained a
technical education not less than HNC (Elec-
tronics), and who have acquired industrial
experience in the design, operation and
maintenance of test equipment used in a
high-volume production unit. Applicants must
be "'self-starters” in every respect, knowledge-
able, and able to motivate others in similar
work.

Salary would be not less than £2,600 per
annum but might be substantially more for
entirely suitable applicants.

SENIOR QUALITY
ENGINEER

Applicants must already possess the experi-
ences of maintaining high quality standards
on a production line capable of producing a
very high volume of printed circuit board
assemblies.

He must be completely conversant with the
techniques applied to PCB production such
as flow soldering and connected quality
requirements. He must be able to initiate
and operate quality control procedures
required for ‘‘feedback” to production
management.

Practical experience of the above work will
outweigh technical/academic excellence, as
we seek to employ an experienced, success-
ful practitioner of quality engineering who is
accustomed to handling high-volume PCB
production quality requirements.

The salary range is naturally geared to the
applicant’'s age and experience, but will be
not less than £2,700 per annum to the right
person.

The above posts are senior appointments
carrying monthly salaried staff status and
benefits. Relocation expenses, where appli-
cable, will be admissible. Holidays are three
weeks per annum plus statutory holidays.
Our factories are located in Perth, Central
Scotland, centre of great scenic and leisure-
time amenities, and in a marvellous working
environment.

Please write in the first instance giving your
age, experience, present salary, marital
status, etc., to:

J. Bandeen,

G. R.INTERNATIONAL
ELECTRONICS LTD,

Almondbank, Perthshire, Scotland,
PH1 3NQ.

Wireless World, March 1975

AS A RESULT OF OUR PROGRAMME OF
CONTINUED EXPANSION VACANCIES
EXIST FOR THE FOLLOWING STAFF.

CCTV ENGINEER

Fully conversant with modern video recording
systems. Circa £3,000.

INSTALLATION ENGINEERS

Experienced in installation of security systems and
first line servicing. Company van supplied. Circa
£2,500.

SALES ENGINEER

Of proven ability. Full sales back up given. Company
car provided. Circa £3,000.

MANAGER

For thriving video and audio-visual hire department.
Interesting and varied work. Salary around £2,500.

All positions are permanent and pensionable. Good
working conditions in friendly atmosphere.

Applications in own hand writing, giving details
of past three years employment to:

M Biddle

Dixons Technical Limited

3 Soho Square,

LOI’IdOI‘I, w1 4468

SENIOR
LOUDSPEAKER
DESIGN
ENGINEER

Minimum of 5 years’ design experience
in audio engineering required.
Professional background must include
primary design responsibility for
loudspeakers, acoustic enclosures,
loudspeaker systems and related
audio products for industrial
and hi-fidelity markets.

. TANNOY +/

Apply in writing, giving fullest details to
Personnel Manager

Tannoy Products Limited
Norwood Road, London SE27 9AB
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UNIVERSITY OF THE WITWATERSRAND,
JOHANNESBURG, SOUTH AFRICA

Bernard Price Institute for
Geophysical Research

Applications are invited for the following vacancies:

ELECTRONICS TECHNICIAN—
MARINE RESEARCH

Involves construction, maintenance and repair of
marine geophysical equipment. Two to three
months of 1975 will be spent on scientific cruises
in the Indian Ocean. During early 1976, there will
be a two month cruise to Antarctica.

ELECTRONICS ENGINEER
or TECHNICIAN

Research project on mechanisms of rock deforma-
tion and tremors, requires experienced worker in
electronics design and construction. Will work on
electronics gear for () seismic recording and play-
back decks (l1) ultra-sensitive tiltmeters (111}
linear strain gauge arrays. Experienced man can
soon assume responsibility for important part of
project.

Starting salary for all posts will be determined
according to qualifications and experience within
the range R4,020.—R7,380 (£1=R1.62 approxi-
mately ).

Intending applicants should obtain the information
sheet relating to these posts from the Registrar,
University of the Witwatersrand, Jan Smuts Ave.,
Johannesburg, South Africa to whom applications
should be sent not later than Sth March, 1975,
UK applicants may obtain the information sheet
from the London Representative, University of the
Witwatersrand, 278 High Holborn, London WCI

[4467

to whom a copy of the application should be sent. '

ST. HELIER HOSPITAL
Carshalton, Surrey

MEDICAL PHYSICS
TECHNICIAN GRADE Il

required for District Medical Physics
Department. Salary scale from £2,601
to £3,390 p.a. plus £312 London
Weighting Allowance. Further details
can be obtained from Chief Technical
Officer—01-644 4343, [4463

THE OPEN UNIVERSITY
AUDIO-VISUAL
DEPARTMENT

MAINTENANCE
TECHNICIAN

A vacancy exists in  the Audio-Visual
Department of the Operations Area for a
Maintenance Technician.

The suitable applicant should have served a
recognised apprenticeship followed by 6 years
experience in the repair and maintenance of
audio-visual equipment, including at least 2
years with CCTV and VCR equipment.
Qualifications—ONC or City and Guilds Final
Electronics.

Salary on Technicians Grade 4 scale: £2,247—
£2,628 per annum.

Application forms and further particulars are
available from the Personnel Manager (MT2),
The Open University, P.O. Box 75, Walton
Hall, Milton Keynes, MK7 6AA. Closing date:
Monday, 3rd March, 1975. [4465

APPOINTMENTS
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Electronics Test
Engineers:
career openings
that aftect all
sorts of people...

... youmost of all, naturally. Mainly because, by
joining the world’s largest exporter of radio-telephone
equipment you will inevitably open up for yourself
career advantages that very few companies can provide.
Pye Telecom is growing at an ever-increasing rate — and
the potential for its products has as yet been only
fractionally utilised.

But the work you do will also be vital to an incredible
number of others. Very frequently, life itself depends on
the efficiency of the UHF and VHF equipment you’ll be
working on. Police, firemen and ambulance staff are a
small sample of the extensive range of users. Which
explains the exacting specifications of the tes.
procedures in operation — and why previous fault-finding
and testing experience is an essential requirement. If it
relates to communications equipment, so much the
better, but this is not absolutely essential. More
important is practical proficiency, which may well have
been gained in the armed forces.

Find out more right now by phoning or writing to

Mrs Audrey Darkin at:
® ., PyeTelecommunications Ltd
) Cambridge Works, Elizabeth Way,
Cambridge CB4 1DW. Tel: Cambridge 58985
A member of the Pye of Cambridge Group 4446
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” Young ElectronicsEngineers
A mobiletuture inbroadcasting?

We require Engineers qualified, or about to Y Paid While You Train

qualify, to H.N.C. or equivalent level and possibly | 1p s special eighteen month training course,
Cd B e ERpEnines vl wlllcim s which combines theoretical study with practical
operate and maintain the advanced electronic ‘on station training’ will give you a comprehensive
equipment at our Transmitting Stations knowledge of operations and maintenance
throughout the country bringing Independent techniques, plus an additional recognised
Television and Radio into millions of homes. qualification, and you will be paid a training salary
Our Engineers may be called upon to rectify a ¢ ofnot less than £1841, more for those with

fault anywhere, anytime and in all weathers. It’sa  {{ experience.

job that requires flexibility about when and where 3 The Future

you work; you’ll need a driving licence and you : o ‘ ‘
must be prepared to undertake a demanding On completion of your training, you will be in the
training course. field, full-time on a salary range of £2861-£4167.

Further promotion to Team Leader and beyond
is up to you.

Write or telephone for full details and an application
form quoting ref. WW/1234 to: The Personnel
Officer, Independent Broadcasting Authority,
Crawley Court, Nr. Winchester, Hants. Tel:
Winchester 822599.

INDEPENDENT

BROADCASTING
AUTHORITY . y

UNIVERSITY OF SURREY

Department of Linguistic and
Regional Studies

TECHNICIANS

GRADE 3
£2,013 to £2,343

Two full time vacancies are available
in this rapidly expanding Department.
One candidate should have experience
of servicing and maintaining tape re-
cording, T.V. equipment and associated
audio visual apparatus. Experience with
TTL circuits would be an advantage.
One candidate with experience in one
or other of the following: Language
Laboratories, Closed Circuit T.V., Cine
Projectors.

Technician Engineers

Marconi Elliott Avionics are recruiting electronics engineers and technicians who
have a sound grounding in modern electronics theory with at jeast 2 years’ practi
cal experience in testing or servicing electronic equipment,

These vacancies occur at two separate sites, and offer a secure future with bright
prospects to competent technicians. Attractive salaries will be offered, together
with generous relocation expenses where necessary

STANMORE BASILDON (Essex)
(MiddleseX) To carry out full range of final test on air-

. . borne communication/navigation equipment
To service and overhaul up to date airborne o ¢ TV systems. Also needed are test
electronic units from airline communica equipment engineers capable of the
tion, navigation and radar systems. design and manufacture and commissioning
of modern specialised test equipment

Applications {stating location preferred) should be addressed. in the first instance.
to~ Mr. R. A. Bezant, Senior Personnel Officer, Marconi Elliott Avionic
Systems Limited, Christopher Martin Road, Basildon, Essex.

MARCONI
ELLIOTT
AVIONICS

A GEC-Marconi Electronics Company
4455

Application forms may be obtained
from the Staff Officer, University of
Surrey, Guildford, Surrey, GU2 5XH,

or tel: Guildford 71281, Ext. 452.
[4452
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AVIONICS IN EDINBURGH
ELECTRONIC ENGINEERS

FERRANTI!in Edinburgh are involved in many important defence contracts including

the Multi Role Combat Aircraft.
We need Engineers of experience and technical capability to join expert teamson a
variety of interesting projects with high technological content. We are looking for

TEST SPECIFICATION WRITERS
TEST ENGINEERS

TRIALS ENGINEERS
TECHNICAL AUTHORS
SERVICE ENGINEERS

and would be particularly interested to hear from candidates with qualifications and experience in
any of the following areas: DIGITAL AND ANALOGUE TECHNIQUES, MICROWAVE
ENGINEERING, LASERS AND OPTICS, ELECTRONIC DISPLAYS, AUTOMATICTEST
TECHNIQUES, AIRBORNE RADAR, INERTIAL NAVIGATIONAL SYSTEMS.

Priority will be given to incoming staff for Scottish Special Housing. The Company
operates a contributory pension and life assurance scheme, and will assist with relocation
expenses where necessary. Salary up to £3,000.

Apply in writing with details of qualifications and experience to the:

Staff Appointments Officer

Ferranti Limited FERRANTI

Ferry Road

Edinburgh EH52XS

Tel: 031-3322411

Hertfordshire County Council
LETCHWORTH COLLEGE OF
TECHNOLOGY

RESEARCH ASSISTANT o

post  available for  Graduate  Engineer/
Physicist.

Higher Degree research work on new methods
of helping deaf children to acquire speech
skills; in collaboration with the Department
of Phonetics and  Linguistics, University
College. London.

1072

Salary: £1.544 x £55 (2) to £1.654. KEF ELECTRONICS LIMITED
Please write to The Principal, College of a vacan for a
Technology. Broadway, Letchworth SG6 3PB. have cy
SERVICE MANAGER
. . The Service Manager controls and organises a small team of people
University of Bradford responsible for servicing and repairing products supplied by the Company
TECHNICIAN (Grade 6) and maintaining and servicing equipment in use in the Company. .
required in Educational Technology. We have an We are seeking a mature person with a proven success in thfe Audio/
interesting vacancy in our well-equipped Television Electronics field, possessing a good personality and interested in main-
Studio for a Technician to be concerned with all 9 o . a 5 ona a
aspects of the operation and maintenance of taining our Company’s image of quality, reliability and customer service.
equipment in use in the Television Studio Complex. i 1 H it
A O e e e e o If you are interested in this position and fegal that you ha.ve the necessary
supervision and to deputise for the Head of the qualifications, please contact the undersigned. We will send you the
Television Studio in his absence. Candidates should R 2 2
be r\:\lature electronics engineers, preferably with approprlate appllcatlon form.
experience in television. HNC or equivalent quali- . .
fications essential. Salarv_ ranging from_ £2.844- C J Goodman——PrOduCUOn Director
:.Séfizlc)a:g;:nnum depending uPon experience and Kef Electronics Limited, TOVil, l\/laidstone, Kent.
Application forms and further details (Please quote Tel. No Maidstone (0622) 57258
ref ET/T6/1/WW) from the Personnel Office, 4490
University of Bradford. Bradford. West Yorkshire
BD7 1DP. (4459
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SCOTTISH HOME AND HEALTH
DEPARTMENT

WIRELESS
TECHNICIAN

Applications are invited from men, aged 17 or over, for two posts of
Wireless Technician in the Scottish Home and Health Department. The
posts are located in the Montrose area.

QUALIFICATIONS

Sound theoretical and practical knowledge of Wireless Engineering,
including HF, VHF and UHF and Communications equipment generally.
Possession of an HN or C & G certificate an advantage but provision may
be made for those who wish to continue their studies for one of these
qualifications. The work involves installation and maintenance of equipment
located a considerable distance from headquarters. Candidates must be
able to drive private and commercial vehicfes and have a clean driving

of
licence.
TECHNICAL OFFICER
£1,530 (age 17) to £2,210 (age 25 or over): scale maximum £2,575.

These are unestablished appointments with prospects of establishment after
one year's continuous satisfactbry service. ‘

Opportunities in the
ELECTRONICS

FIELD

Men with analogue or digital qualifications/
experience seeking higher paid posts in:
TEST — SERVICE — DESIGN - SALES.
Phone Mike Gernat. Ref. WW.,

NEWMAN APPOINTMENTS
360 Oxford St. W1
01-629 7306 (94

UNIVERSITY OF DUNDEE
DEPARTMENT OF PSYCHOLOGY

Applications are invited from candidates with
a degree or equivalent qualification in an appro-
priate subject (such as Electronics) for the post

in the above Department.

The position offers the possibility of warking in
a research-oriented environment and calls for the
exercise ofo‘cﬁomidenﬁle l’personal ingltiati:e. Tt
Application forms and further information may be obtained by writing to Technical Officer wi e responsible for ¢
the Scottish Office Personnel Division, Room 220, 22/25 Queen Street, administration RofichefDepascmentaliiiwarkshops

q A 0 L and will work in collaboration with members of
Ed‘m:burgh EH12 ILY quoting reference PM(:PTS)2/2/75. Closing date for staff on the design and maintenance of electronic
receipt of completed application forms is 19 March 1975. equipment. The Department possesses two

laboratory computers and some experience of
{4458 interface design and construction would be an
advantage.

The Salary scale is £2,118.£2,931 plus
threshold agreement supplements and the post
is superannuable under the University’s own
superannuation scheme. A grant will be made
towards removal expenses to Dundee.

Applications, quoting Ref. EST/108/75WW,
and including the names of two referees, shoufd
be sent to The Secretary, The University, Dundee,
DD1 4HN, as soon as possible. [4460

RADIO
TECHNICIANS

The Home Office has vacancies at Baldock,

University of London
Hertfordshire for Radio Technicians to carry
out installation, maintenance, modification

and construction of complex specialised radio E LE CT R 0 N I c S
communications equipment and systems. TE c H N I c I N S
Pay: ‘ \

is £1695 at 19 rising to £2575 plus a cost of
living supplement which is at present £19.14 GRADE 3
required for the development, con-

a month,
struction and servicing of electronic

A Secure Future . \
research equipment. One post is for

with a good pension scheme, prospects of 8
promotion and generous leave allowance. work.m the fievelqpment °.f automated
teaching equipment for which a know-

Five day week of 42 hours. ledge of optics, photography and
Qualifications: cinematography is desirable. The second

CHELSEA COLLEGE

City & Guilds, Intermediate Telecommunica-
tions Certificate or equivalent together with 1
year's practical workshop experience.

Interested?
Then write or telephone for an application
form to Miss C. Philips, Home Office Whitting-
ton House, 19-30 Alfred Place, LONDON
WC1E 7EJ. Telephone 01-637 2355 Ext. 87.

www americanradiohistorv com
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post is for work in an electronics work-
shop for prototype and servicing work
mainly for research in Electronics and
Physics. For both posts an interest in
and - knowledge of electronics s
essential. Day release facilities may be
available for further study. Salary scale:
£2,423 to £2,753 per annum including
London Allowance.

Application forms and further details
from the:

Departmental Superintendent,
3.E1, Departments of Electronics
and Physics,

Pulton Place, London, SWé 5PR

(4488
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DUNDEE COLLEGE OF EDUCATION

Applications are invited for the post of

TECHNICIAN

in the Television Service

The duties of the post cover all aspects of the
operation, maintenance and development of an
extensive and well equipped television facility.

Applicants should hold a Higher National Certificate
(Electrical), although a City and Guilds Final Certi-
ficate in Telecommunications would be considered in
lieu. They should be able to show evidence of ability
in electronics and will preferably have experience of
television techniques including video recording.

The salary scale attached to the post, based on NJC
Technical Division, Grades C/D, will lie within the
range £2,244 to £2,982, and the commencing salary
will depend on age, present salary and experience. In
addition, Threshold Agreements will be paid.

Forms of application, together with statement of
duties and conditions of service, may be obtained
from the Principal, Dundee College of Education,
Park Place, Dundee, DD1 4HP, and should be returned

to him not later than February 28, 1975.
[4449

RADIO
OFFICERS

Do you have PMG I, PMG IlI, MPT 2 years operating
experience?

~ Possession of one of these qualifies you for con-
sideration for a Radio Officer post with composite
signals organisation.

On satisfactory completion of a 7-month specialist
training course, successful applicants are paid on a
scale rising to £3,096 pa: commencing salary according
to age—25 years and over £2.276 pa. During training
salary also by age. 25 years and over £1,724 pa with
free accommodation.

The future holds good opportunities for established
status, service overseas and promotion.

Training courses commence at intervals throughout
the year. Earliest possible application advised.

Applications only from British-born UK residents up
to 35 years of age (40 years if exceptionally well
qualified) will be considered.

Full details from:

Recruitment Officer,
Government Communications Headquarters,
Room A/1105, Priors Road, Oakley,
Cheltenham, Glos GL52 5AJ
Telephone Cheltenham 21491 Ext 2270 192

(Radio N

Technicians

A secure future with Overseas Division
of one of the world’s largest airlines is
within easy reach if you are interested in
either aircraft or ground radio and have
at least 5 years’ experience.

The vacancies are at Heathrow Airport

Starting pay is £49.66 per 40 hour week
and there are chances of rapid promotion
to £56.04 per week.

Additional benefits include a contributory I
pension scheme, a first-class sports and
social club and opportunities for conces-
sional holiday air travel world wide.

Please write, quoting reference 430/WW/
BW_to:

Manager Selection Services, British

British

[T.V. Engineers
for New Zealand

Are you dissatisfied with your present position, feeling like a change of
scene? Do something about it now! Be our guest—come down under and
join the Tisco Team, N.Z.’s largest service organisation,

We are in service only and our engineers are all important people,
every one of our 30 managers is an ex engineer.

We are now selecting staff to sponsor under the Immigration Scheme
to arrive in N.Z. mid 1975,

Airways Overseas Division, PO Box 10, If you

Heathrow Airport—London, Heathrow ’ . .

TW6 2JA @ Have 5 years experience, preferably some in colour.
2021 @ Single or married with 3 children or less.

write now enclosing a photograph and details of past experience to:-
The Technical Staff Supervisor, Tisco Ltd, Private Bag, Royal Oak,

AIrways w”

AUCKLAND, NEW ZEALAND. {4070
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AT ST.ALBANS AND LUTON

FIECHRONICRECH

QO MARCONI INSTRUMENTS Ltd.

ANS

We are a company that manufactures precision electronic measuring instruments and have a range of technical career
vacancies within our Production and Engineering departments at St. Albans and Service Division at Luton.

To fill these posts we are looking for people with a good electronic background, but not necessarily qualified.
Attractive salaries are offered for the right candidates along with the normal benefits of staff employment.

For further information and or application forms contact John Prodger, ml’ Ltd., Longacres, St. Albans, Herts. Tel:59292.

A G.E.C. Marconi Electronics Company,

4358
rJ
ramplan
Audio Systems Testers
Grampian. leaders in the field of industrial sound systems, manufacture a wide range of
electronic and electro-acoustic equipment. Part of the Telephone Rentals groups, Grampian
supply this equipment both for direct sale and also for long-term rental contract, where COURSES
high reliability is a prime requisite. In order to maintain this reliability, whilst expanding

production. there are vacancies for Systems and Final Testers. These positions offer
excellent job security, competitive salaries, and pension and life assurance schemes. Applicants
should have a sound, practical knowledge of electronics, and preferably previous test experience,
particularly of audio equipment. Relevant formal qualifications would be an advantage.

Telephone Mr. Turner on 01-894 9141, Or write for application form to:
Grampian Reproducers Ltd.,
The Hanworth Trading Estate, Feitham, Middiesex TW13 6EJ

4486

Flectronic/
Communications
Engineer

“Rank Xerox is a name linked with the future. Cur
rently we're engaged in the development of new and
existing machines and communications equipment,
including our telecopier. There is currently in hand
an extensive programme of work on products which
are destined to be among the most significant ever
produced by the Company.

We have a requirement for an engineer to participate
in the design of a new business system. They will
work within a small team on the design and develop-
ment of circuitry, which could involve very high
frequencies,

Applicants should be qualified to honours degree
level with two years experience in the electronics
industry, preferably in the telecommunications field
Experience in the design and development of solid
state circuitry at very high frequencies and digital
circuitry would be an advantage

The Company offers above average salaries and
fringe benefits including generous assistance with
relocation expenses where appropriate.

Please write or telephone to Alan Preston, Rank
Xerox Limited, P.O. Box 17, Bessemer Road,
Welwyn Garden City, Herts. Tel. Welwyn
Garden 28177

RANIK XEROX

ENGINEERING GROUP

waany americanradiohiciory com.

M.SC. COURSE
IN ELECTRICAL
ENGINEERING

with specialisation in
any one of the foilowing:

Communication
Systems

Electronic. Instrumentation

Control Engineering and
Digital Electronic Systems

Design of Pulse and Digital
Circuits and Systems

The Course, which com-
mences In October 1975,
may be taken on a Full
Time, Part Time, Sandwich
or Block Release basls, and
is open to applicants who
wlll have graduated In
Science or Engineering, or
who wiil hold equivalent
qualifications, by that date.
The Science Research
Council has accepted the
Course as suitable for the
tenure of Its Advanced
Course Studentships.

A Diploma Course, in some
of the above topics or in
Power Systems, is also open
to applicants with the
above, or slightly lower
quallf‘catlons.

Research in
Electrical Engineering

Applications are aiso in-
vited from similarly quali-
fied persons who wish to
pursue a course of research
leading to the Degree of
M.Phil. or Ph.D. in any of
the above topics.

Application forms and fur-
ther particulars from the
Head of the Department of
Electrical Engineering (Ref.
M.Sc. 5), e University
of Aston In Birmingham,
Blrmingham B4 7PB.
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ARTICLES WANTED ARTICLES FOR SALE

ECONOMISE ON SEMICONDUCTORS

All prices include VAT
* Lower 741C prices 100 + 24p . % Plastic 3 terminal Regulators
% Economical Digital] Clock IC % Low price DIL sockets

Are you obtaining the full
benefit from the disposal

of your electronic and
computer scrap ?

1+ 10+ 25+
709C Op Amp + data 8 pin DIL 34 32 30
! ! 723C Reg. + data 14 pin DIL 65 63 59
As rofiners of base and precious 741C Op Amp + data8 pin DIL 30 28 26 TTL Mixed prices
metals we purcha urers 748C Op Amp + data 8 pin DIL 39 37 35 1 + 25+
and  distributors’ scrap arisings NE555 Timer + data 8 pin DIL 65 62 59 7400 17 16 15
and redundant CA3046 Array 14 pin DIL 76 73 69 7402 17 16 15
components v TDA1405 Reg. 5V 650mA 100 92 85 7403 17 16 15
including . .. FRINTED TDA1412 Reg. 12V 500mA 100 92 85 ;282 :g :?’ :g
Q. AV TDA1415 Reg. 15V 450mA 100 92 85
F'CU',T“ F,[,ELM"‘ BC107. 108,109 10 95 9 7410 17 16 15
TRANSISTORS - PLUGS - BC182. 184 1 105 10 7413 36 34 32
CONNECTORS - BC212.214 12 115 1 7420 17 16 15
Contact us s : e HP Red LED 1” 18 16 15 7442 70 66 63
%+ SEomipt and ETC - HP Red LED 0.2" 19 17 16 7447 90 85 80
personal attention DIL Sockets. 11 10 9 7473 gs gg 34
S O ; o T low profile 12 1 10 7474 5 1
e T . '&@w 2 13 12 1 7476 gg gg gg
; 7486
The COMMERCIAL SMELTING & REFINING Co.Ltd, ] 7490 55 52 a9
. BC109C 11  BZX88C 1NS14 5
171, Farringdon Rd., London ECTR 3AL- 01 - B37 1475 BC177 18 3v3-15v 11 1N4001 5 7492 55 52 49
447 BC178 18 2N3702 12 1N4002 5 W OB B
BF244 24 2N3704 12 1N4004 7 zZad
BF244B 27  2N3708 10 1N4148 5
BFY51 17  2N3055 a8
P i

=
l ELECTRO'TECH AY-5-1224 Digital Clock IC, 12 or 24hr. 7 segment or BCD outputs, drives LED Minitron, LED
displays. Simple interfacing. 16 pin DIL. IC + data + circuits £4.65. HP 5082-7740 0.3” digits

co MPON ENTS LTD- £2.00. IC + 4 0.3” digits £12. IC + 4 0.3" digits + transistors + transformer £14.00

t of electroni I TBAB10AS 7W Audio Amp. Thermal protection + data + circuit £1 .60. .
g;ptiﬁ?s :f-lda"equyi';:nsent. They ‘::lcl TCAS40 10W Audio Amp. Thermal protection. current limit + data + circuit £2.60

| be pleased to view clearance stocks Carbon film High Stability W 5% resistors 10 ohm-2m2 1p ea., 10 9p. 100 80p same value.

anywhere in Great Britain at one or By return service. Prices include VAT. P & P 8p (UK) overseas at cost. All items new Ti. Motorola,
tw{: days notice - Mullard, SGS etc. SAE lists, enquiries. Data sheets 4p. Colleges etc. supplied.

and negotiate on the spot ! SILICON SEMICONDUCTOR SERVICES

ELECTRO-TECH | .
I COMPONENTS LTD. 41 Dunstable Road, Caddington, Luton LU1 4AL

315/317 Edgware Road, London, W2
Tel: 01-723 5667. 01-402 5580 - I CAPACITY AVAILABLE

WANTED
SURPLUS

* FACTORIES CLEARED *
MACK’S ELECTRONICS i A

283 EDGWARE ROAD
LONDON WYV 1BB
G. W. M. Radio Limited
40-42 Portland Road, Worthing, West Sussex

Tel: 01-262 8614
[34 Tel : Worthing (8903} 34897
D. 13 EQUIPMENT AND MASTS

Switch Box NATO number Z1/5930-89-900-6762. Teleprinter
Bend/Rec. 8witch—Identity HH30:0191-01.

Tost 8ot Radio—ZA 56236, MWB/WH/1153.

TAPE RECQRDING ETC.

RECORDS MADE TO ORDER
DEMO DISCS
MASTERS FOR
RECORD COMPANIES

VINYLITE
PRESSINGS

TOP PRICES PAID

for semiconductor and com-
ponent redundant or excess
inventories

P.R.S. ELECTRONIGS
126 Headstone Road

'Harrow, Middlesex
Tel: 01-965 2243

Single discs, 1-20, Mono or Stereo, delivery 4 days
from your tapes. Quantity runs 25 to 1,000 records
PRESSED IN VINYLITE IN OUR OWN PLANT.
Delivery 3-4 weeks. Sleeves/Labeis. Finest quality
NEUMANN STEREO/Mono Lathes. We cut for
many Studios UK/OVERSEAS. SAE list.

{4014

BUSINESS OPPORTLUNITIES

EDUCATIONAL

| Hair
Transplant

For free brochure, clip

C AND G EXAMS
Make sure you succeed with an ICS home study
course for (! and G Electrical Installation Work &
Technicians Radio/TV/Electronics  Technicians,
Telecomms Technicians and Radio Amateurs,
COLOUR TV SERVICING

Make the most of the current boom! Learn the
techniques of servicing Colour and Mono TV sets
through new home study courses, approved by
leading manufacturers.

TECHNICAL TRAINING

Aerial Ingulator Lead In No. 32—Z1ZA 51786.

Control Remote—Z1/5820-99-900-6731. MWB/WO0/689.
Interconnecting Box—ZA /54915 MWB.

Changeover Bystem—ZA 54983 MWB/XA/907.

Adaptor Aerial to ZA 54912—MWB/XE/866.

Adaptor Aerial to Transmitter—ZA 56234—MWB/WK/932.
Operators Control Unit (M),

(I:g:tml Indicator Radio Transmitter D.13—ZA 56971 MWB/WC/

Dummy Load—ZA 56235 MWB/E/AS 201 XA.
Bwitch Box—ZA 54985 MWB/WM/878.

Teleprinter Send/Rec. Bwitch Type No. 54A3A.
:)n:.t";ghrk type, Scam 40° mast—NATO stock No. 6885-99-

All items are in unused condition.

this ad. and send to: Home study courses in Electronics and Electrical VACUUM CAPACITORS by JENNINGS
Engi ing, Mai e, Radio, TV, Audio y
Room 6 Computer Engineering _and Prognp\mi'ng. Also 3::::}:::3:;&::5;, g;'?,?,?,:zm’
HAIR TRANSPLANT u:lf:"| uild r‘ndioc| kits. Get the qualifications you Variable 500 pf o 20 pt 20,000 volts.
! 1 need to succeed. ® Variable 35 pf to 8 pf 36,000 volts.
502 EITlTE: 'I\:AP:rcdeétefﬂ eld INTERNATIONAL CORRESPONDENCE SCHOOLS T tors are productios soesius sai are a8 mow'.
cclesna ’ t 734, Intertext House, London SW8 4U]. All equipment may be viewed by appointment. Enquiries should
(4224 or e 01-622 9911 (all hours). 14391 be specific. [4329
s

www americanradiohistorv com
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TERMS OF BUSINESS: CASH WITH ORDER. ALL

PRICES INCLUDE POST & PACKING (UK ONLY). EXPORT

B. BAMBER ELECTRONICS

20 WELLINGTON STREET, LITTLEPORT, CAMBS.
TEL: ELY (0353) 860185 (TUESDAY-SATURDAY)

ENQUIRIES WELCOME.
CALLERS WELCOME BY APPOINTMENT

PLEASE ENCLOSE STAMPED ADDRESSED ENVELOPE WITH AL¢ ENQUIRIES

PLEASE ADD 8% VAT.

MINIMUM ORDER £1
2482

PYE AC10 POWER SUPPLY
240V input. 12V (nominal) at 10amp

ELECTROLYTIC CAPACITORS
AXIAL LEAD AND SINGLE ENDED

PLUGS AND SOCKETS
TV PLUGS {metal type) 6 for 50p

PYE RADIO-TELEPHONE
EQUIPMENT

output, stabilized. fully enclosed. fused. MFD 6.3V 10V 16V 25V 35V 50V TV SOCKETS (metal type) 50p i A
used by tested £30.00 WD (g0 WO TG 299 83 TV LINE CONNECTORS 5 for 50p Cambridge. ~Westminster, _Motofone.
p P 9 (PTFE) S 5 uropa series. Send s.a.e. for full details,
i% = 30p 35p ng 22‘) 45p ;‘;2‘:52 25P PLUGS 50p each or stating requirements. frequency. channel
100 35p 40p _  45p 60 _ $0239 (PTFE) SOCKETS 50p each | SP20N9. etc.
TEST EQUIPMENT 220 40p 40p - 50p 75p — or 5 for £2.25

MARCONI UHF SIGNAL GENERA- | 330 40p 45p 60p 75p 95p 95p 25-WAY ISEP PLUGS and SOCKETS MISCELLANEOUS

TOR. TF7628. 300-600MHz. £50.00 470 45p 60p -  95p - - 40p set (1 plug + 1 ski). Plugs and | MAGNETIC DEVICES PROGRAM-

MARCONI STANDARD SIGNAL 1000 — 95p 95p - - sockets sold séparately at 25p each MERS. contain 9 microswitches with

GENERATOR TF867/2 15kHz— 330095p 95p - - - = CANNON Right-angled plugs XLR 9 adjustable drums for period switchin

30MHz. £100.00 ’ PRICES PER PACK OF 5 LNR15 75p (needs slow-motion motor to drive drum|

MARCONI VALVE VOLTMETER. Trade enquiries welcome for quantity DIN SPEAKER SKTS. 2-pin. 4 for 30p many switching applications £1.00each.

TF428C. £28.00
MARCONI AMPLITUDE MODULA-
TOR.TF1102. £35.00

MAINS TRANSFORMERS

STANDARD JACK PLUGS. }in.. 4 for
50p

ANDREWS 44AN FREE SKTS (N-
TYPE) for FH4/50B or FHJ4/50B cable

ITT HIGH-GRADE ELECTROLYTICS.
6800 mfd at 25V, screw terminals.
complete with capacitor clip for vertical
(quantity discount

MARCONI VE MILLIVOLT- 240V in, voltages quoted approx. RMS. mounting. 50p each

METE R.ngg%:._:ao.oo TYPE 10/2 10-0-10V at 2A. £1.50 £1.00 each available).

MARCONI STANDARD SIGNAL | TYPE 125BS Approx. 125V at 30mA, $0239 BACK-TO-BACK SOCKETS | MULTICORE CABLE, }" dia. PVC
GENERATOR. TF144H. 10kHz— | 65P £1.25 each covered, in 22ft. lengths with plug and

72MHz. £195.00

WAYNE KERR VHF FREQUENCY
STANDARD. 12-channel. £20.00
AIRMEC BRIDGE HETERODYNE
DETECTOR. Type 775. £65.00
AIRMEC SIGNAL GENERATOR.
Type 201. 30kHz-30MHz. £75.00
HEWLETT PACKARD UHF SIGNAL
GENERATOR. Type 614A. 800-
2300MHz.£175.00

SOLARTRON DIGITALVOLTMETER.
Type LM1420/2, with “TRUE RMS AC
UNIT”. 10mv—-1000V. 5-digit display,
new condition. £400.00

ROHDE AND SCHWARZ POWER
SIGNAL GENERATOR. SMLM. 30-
300MHz. up to 5V output. £300.00
GRESHAM LION 625-LINE PULSE/

TYPE 72703 400V at 1OmA. 200V at
5mA, 6.3V at 400mA, £1.25

TYPE 18/8 18V at 8A. £4.50 each
TYPE 16/6 16V at 6A. 45V at 100mA.

£4.00

TYPE 28/4 28V at 4A. 125V at 500mA.
£4.00

TYPE 129 400V at 20mA. 200V at
10mA. 6.3V at 500mA. £1.25 .
TYPE 70462 250-0-250V. 50-0-50V.
6.3V.£1.75

RADIOSPARES 500-WATT AUTO
TRANSFORMER, 100/110/150/200/
220/240/250V tapped input and output.
step up or step down facility. ex new
equip. £6.00

BNC INSULATED SOCKETS (single-
hole type) 65p each

VALVES
QQVO03/20A (ex equipment) £2.10 each
QQVO03/10 (ex equipment) 75p each
2C39A (ex equipment) £1.00 each
QQVO02/6 (ex equipment) £1.00 each
4CX 2508 {ex equipment) £2.10 each
4X2508 (ex equipment) £1.50 each
DET-22 (ex equipment) 2 for £1.00
EF80 (new) 25p, EZ8B1 (new) 25p
ECC81 {(new) 30p, ECC83 (new) 30p

TEST EQUIPMENT
RACAL 125MHz DIGITAL FRE-

socket fitted. 24 core stranded + 1
screened + 1 twin screened (ideal mobile
control lead) £2.10 each.

TWIN HEAVY DUTY CABLE, PVC-
covered. 50/0.25mm. 15p per metre.
or £10.20 per 100 metre reel.
CURLY LEADS, 4-core telephone-type
18in. closed. approx. 5ft. extended. 2 for
20p.

STUD RECTIFIERS, BYX42/300R,
300V at 10A, 30p each or 4 for £1.00
TRANSISTOR HEATSINKS to take
2 X TO18 transistors. screw in clamps.
Block size 1in. X }in. X }in. with 2
holes for mounting, 3 for 50p

PLESSEY ELECTROLYTICS, 10.000
mfd at 63V, size 115 X 51mm. 75p each.
{Quantity discount available}

ASE GENERATOR, MAINS ISOLATING T.RANSFOR- QUENCY MET_E_R', Type 801R/2. NEW, .
gé\:(/)(s)TAlnc MER. 375VA. tapped primary, 240V 0.01V to 1V sensitivity. 8-digit readout. SISTORE??mr?\Ll;:g(?’:m:s’:‘eZ,1;:32:(,
TEKTRONIX 524D SCOPE. DC- | output, new, £6.00. . new condition. £275.00 100 for £1.50
10MHz. £70.00 MAINS ISOLATING TRANSFOR- ROHDE AND SCHWARZ SIGNAL

HIGH-QUALITY SPEAKERS
83in. X 6in. elliptical, 2in. deep. 4 ohms.
inverse magnet, rated up to 10Watts.
£1.50 each, or 2 for £2.75 {(quantity
discount available).

MER. (ex equip}. in metal cases, totally
enclosed. tapped mains input. 110-
240V setc.. output 240V at 3A + 12V
at 0.5A. £11.00.

AS ABOVE, output 240V at 12A 4+ 12V
at 3A + 22V at 2.5A. £27.50.
carriage £2.

GENERATOR. SMAF. 4-300MHz,
AM/FM, attenuation to 0.05 microvolt.
deviation and moduiation metered,
complete. but needs attention. £300.00

ROHDE AND SCHWARZ FRE-

QUENCY DEVIATION METER.
FMV. AM/FM. 20-300MHz £300.00

PYE MF TRANSMITTERS
2 X 5B254Ms in final, VFO 340 to
540kHz {(can be modded upward). 2 X
5B254Ms in Modulator, cw/mew {can
be modded for AM). units complete. but
no PSUs, (supplied with circuits of TX

and PSU) brand new. boxed. £20.00.

TOSHIBA VALVES Goods Goods Goods Goods Goods
Goods Type Price Type Price Type Price Type Price Type Price
Type Price (p)  PL508 67.0  AFIIS 23p  BCI47A 08p  BFI73 25p  BUI08 £2.10
DY87 30.0 PY88 355 AFL16 23p BC148 08p BFI178 35p BYI126 Iip
DY802 30.0 PYS500A 85.0 AFL17 23p BCl49 12p BF179 40p BY 127 12p
ECC82 28.0 PY800 29.0 AFI18 50p BC153 20p BF(80 35p E.1222 30p
EF80 29.5 SEMI-CONDUCTORS AFi39 42p BCl54 22p BFI8i 35p IN60 05p
EF183 345 ACI27 17p AF178 45p BC157 12p BFi84 2ip MIE340 45p
EF184 345 ACI28 I15p AF180 45p BC158 10p BF185 2lp OA202 7.5p
EH90 31.5 ACI4IK 30p AFI181 45p BCi59 14p BFi94 15p OC71 i5p
PC%00 245 ACI142K 30p AF239 45p BCi73 18p BFi95 15p OCc72 15p
PCC89 40.0 ACISI 20p BA 145 l4p BC178B 20p BF196 20p BU105/02 £2.40
PCC189 41.0 ACI54 18p BC107 iip BCIB2L 12p BF197 17p 2SCii728 £2.40
PCF80 315 ACISS 18p BCI08 iip BCI83L 12p BFi98 23p R2008B £2.00
PCF86 39.0 ACI56 20p BC109 12p BCI87 28p BF200 25p R2010B £2.00
PCF80! 42.0 ACI76 22p BC113 25p BC214L 15p BF218 30p INTEGRATED
PCF802 40.0 ACI87 19p BCl16 25p BDI124 70p BF224 35p CIRCUITS
PCL82 3%.0 ACI87K 30p 8C117 20p BDI3I 45p BF258 40p TAA550 49p
PCL84 340 AClIB8 20p BCI2S 25p BDI132 45p BF336 28p TBAI20AS £1.00
PCL8S 395 ACI88K 30p BCi32 25p BD235 49p BF337 35p TBA120SQ £1.00
PCL86 41.0 ADI42 45p BCI35 20p BD237 52p BFX86 28p TBAS40Q £1.75
PFL200 55.5 ADI49 40p BC137 25p BDX32 £2.40 BFY50 22p TBAS60CQ £2.40
PL36 55.5 ADI6I 38p BC138 40p BFIIS 20p BFYS2 20p TBA%20Q £2.90
PL84 25.0 ADI162 38p BC142 26p BF160 20p BSYS52 35p TBA%90Q £2.90
PL504 60.5 AFL14 24p BCi43 30p BFl67 20p BT106 £1.40 SN760I3ND £1.50
EHT RECTIFIER TRAY ASSEMBLIES COLOUR TUBES
Type Goods Price pe Goods Price
iTH Decca Col. £4.50 11TAM Philips G8 £4.50 Type Goods
ITN GEC/Sobell £4.50 TCQ Pye/Ekco £3.50 19" A48/191X 48.
2TQ 1400 + 850 Mk H £1.85 11 TAQ ITT/XB £4.50 20" 5100822 49.75
2TAK 1500 § Stick £2.00 3 TCU BRC 3000 £5.00 22" A56/120X 53.25
2DAF 1500 3 Stick £1.85 11 TAZ GEC 2010 £5.35
2HD 950 3 Stick £1.70 12 MONTHS GUARANTEE FULLY GUARANTEED

PRICES SUBJECT 10 3% VAT All goods subject 1o settlement discount of 5% 7 Jays &hd 2% month _New Price Ust from st May 107 4.

| I '- COMBINED PRECISION
L .

COMPONENTS éPRESTON PLlMITED
wwWw americanradiohistorv com

194-200 North Road,
Telephone: 55034 Telex: 677122.

reston PR1 1
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ARTS. FOR SALE—cont. MARX-LUDER y\gHOLESALE OFFERS
LeroNIC STACKABLE EPICYCLIC GEARED @%‘%}%@8&;}%&%%28‘3‘%&%
P M SERVICES ELECTRIC MOTOR ... 220uF, 25V £5:100, 1ggévl741§A£}gﬂ%',

A range of high efficiency reversible e B
D.C. motors are now offered S

1 EF, 63V £18/100. Wire ended C281
2F. 250V £8/100.

Mixed capacitors. poly. ceramic. mica. etc,

CRYSTALS FOR PROFESSIONAL

complete with stackable

AND AMATEUR USE epi_cyclirilg:ars - 5.000 £14; 15,000 £37. Ferric Chloride, £30/100

g:/;rr\eaa"uts e X 1lb. bags. Silicone grease. 20z. tube £3/10.
We can supply crystals to most commercial L - / g 831-;} ED:5L0 &qn§ £7.50/12. Verobo;rd offcuts, 10Ib.
specifications. with an express service for that o 15, 18, 20, 24, - Miniawure “mains _transformers, 100mA
o oo, Fan the. aremeous wo camy 8 large M oy 18 2028 secondaries: 6-0-6V £5.50/10; 9-0-9V £6/10:

12-0-12v  £6.50/10: 10uF/25V £10/500.
DIN speaker sockets £4/100.

All goods full spec and branded. Add VAT and
Carriage.

JUNIPER ELECTRONICS
PO Box 61, Southampton SO9 7EE. Tel 772501

stock of the more popular frequencies. backed by 2 as"s";'?)hﬂ%acg':;img

1 k.
a quick service for those '‘Specials”. ;E\ k! extend the range to fit most requirements
Please send SAE for details or telephone between Four sizes of motor each with pile gears
4.30-7 p.m. and ask for Mr Norcliffe and Bv windings are availabie as under
’ . EM136P 1} watts: 5000rpm; size 24 X 24 x 74mm £

Max. gearbox torque2kg.cm - - - - - - ERERERE 5.70
EM136P/1 Sparegearsetwith3.4.5.6ratios ....1.70
EM141P 8 watts; 5000rpm: size 35 X35 X 109mm

Max. gearboxtorqueSkg.cm . . . ... ....... -3

7A, ARROWE PARK ROAD, WIRRAL,
MERSEYSIDE L49 OUB.
Tel: 051-677 8918 {until 7 p.m.)

EM141pP/1 Sparegearsetwith3.4,5.6ratios ....1 80
EM145P20watts; 7000rpm: size 52 X 52 X 180mm
Max. gearboxtorque 10kg.em .. .......... X
58 Em146?30walls:4008rkpm;size52x52x200mm1° o
ax.gearbox torque 10kg.cm ... ........ ..
SPECIAL OFFER POLAROID CR9 OSCILLOSCOPE CAMERA
‘Gearbox pack’. All items above . ........ 30.00 Various hoods available plus ack
WE sE LL MOTORS without gearboxes: Cost £50 1975, £3?) O.D.O.p film packs.

EM1310.8 watts; 20g.cm; 8000rpm; 017mm . . 4.08
EM136 1.2 watts;40g.cm;5000rpm: 02 1mm .. 3.80
EM1394.2 watts; 160g.cm:5000rpm; 0 30mm . 36D
EM1418watts:320g.cm;:4500rpm; 030mm . . . 420

CONSTRUCTION PLANS

Phonevision, Television Camera, Police Radar

OMB 643 FUNCTION GENERATOR
Sine/Square/Triangle 0.01HZ to IMHZ,

Detector, Voice typewriter, Scrambier, Answer- SPECIALOFFER - Thumbwheel digital frequency setting. S50
ing machine, Wireless gquarter mike. Plans; 5 ~:°;°;’;ﬁica"iu sm:;g;:a:oryv:qﬁi,;;n-eﬁ{-s-ti'rr‘::s'oo output solid state compact design.
uggeste ns. nent. A )
S7CSOjeach; pump drives. servo systems, positioningof aerials, dampers Cost £75 1974. £50 o.n.0.
COURSES daors, pows for models rains. boats. s, cutling wheols AVO 160 VALVE TESTER PLUS MANUAL
A
Detective-Electr, $36.50. Security-Electr, o=, FE B BLAA S

$43.50. Telephone Eng., $59.
OVER 750 ITEMS
Ask for Catalogue—Airmailed $0.75
T. 5TRIK,
Postbox 618, Rotterdam, Holland.

" . " -
Motivator” Curtain Cord Controllers

A few of these new units have just become available

Ultra slim design. e.g. size 40X 185 X 185mm. Screws flat

on wall behind curtains without showing. Can be con

nected directly to existing corded curtains. Incorporates

internal auto limit switches and power supply. May be

Portable military suitcase package.
Cost £180 1965, £50 o.n.o.

MAX PARKER St. Albans 69236
[4476

144 operated remotely by 3-way switch (supplied}.
b Motivator Model B with 2 year battery pack. Kit . . 1&.0iF
Fully assembled and tested as above ........ 24.00

Motivator Model M with mains power supply. Kit . . 22‘0\‘.‘
Fully assembled and tested asabove .. ...... 30 00

Additional  information gladly supplied on request. All
prices are inclusive in U.K. only.

CRYSTALS

MAILORDER ONLY FROM Fast delivery of prototype and production
AlD'Us PRODUCTS military quality crystals. Competitive prices
Dept. WW4 8 Hillview Rd., Pinner all 'frequencies: LF crystals a speciality.

HAS 4PA, Middiesex 4274 2Ol e
INTERFACE INTERNATIONAL
29 Market Street, Crewkerne, Somerset
Tel: (046031) 2578. Telex: 46283.[35

PARTRIDGE ELECTRONICS

MANUPACTURERS OF AUDIO MIXER SYSTEMS
NEW PEAK READING
% YU METER SYSTEMS

Which gives the advantages normally only associated with
PPM systems at much lower cost.

REF. W.W,
21/25, Hart Road, Benfleet, Essex.

SURPLUS BARGAINS

(Established 23 years) (43

EASTER LINE ANGUS —

chart recorders. model AB01R ]

Z’go;gi’oox;fﬁ ﬁhségha: 1O£\:I«15A(§:6 CARBON FILM RESISTORS—E12 SERIES
Piher Preset PTISZH5: 5. 50, 500K ............ 7p. (carr £1) : 00 . Hoh Stab. $W OR W 5%. 1. T5pha £5501000
‘5:38:/““3"' %:rp:':iltcor?mélegil:ftii?viz:(’)?,;p Oi})‘\’r Kent Chart recorders single point £20, RESISTOR KITS 220-1MQ E12 SERIES .
7p 4.7uF 35" Sps 1UF 5OV, Sp; 47uF 10V, Spi multipoint £30 (£1.50). B K el R e Gttt Chotat of 1428)
330uF 10V, 6p. IN 5406-—3 amp Diode: 10p; IN AE.l. 4-stage sequential transistorised W, £8:35; {W, £8:45.
4003, 4p. Transformers: 4 amp 12 Volt. high electronic timer. many applications, inc ——— EOUIPIMEN‘I; SAI-EN inorioinal

i . i -li t les. n orlgina

quality, £2.50. Fuse Holder Double: 1.25in. long, 3 channel auto-light flasher {750 watts p:g;‘l:; Ag%wez:vﬁ‘x? y£1::°F:n°l:w :i:wﬂVMA, “wlth

6p. Heatsink: T03, black/anodise, 20p. Rocker 240v). Circuits provided for fully inter-

s‘\zv\lltds'l dl_)._Pt. lz.'l'., 30p. Magnetic Impulse Counter: rupted and dim/bright flashing. Modification
igit, .

1.20.

H B f H f H . Water Circulats F-Junior (£ 010}
;‘4E]505_5'|4§?'774?g_0' 3‘;:,';' 7744200): II::; ;:2‘5" ;g:' only (50p) 3 Used, £50. gran:loerrmer:c;oslgakm. 1-5»‘%’\'/%’-015, £7.
7427, 25p; 7448, 82p; 7450, 14p; 7451, 14p; Printed circuit Kits. £1.25 (30p) Honeywelll Chart Recordars a8, Soletl o v/

4 4350p; 7483, ;gp; 7748%, 22;); 774419601. ;:p; Instant Hea)t Soldering Irons. 240v 100 watt u\dtlffntou usu:‘oolv zmmAIBeé\ch Power‘_s;opwes !:'ls‘i
7493, 45p; 74107. 30p; 74153, 67p; , 95p; £2.65 (30 atfield Ins. PUM1/16 400 cycle Generators £30. Mulrhea
74121, 40p. LM323K 3 amp 5V Regulator: £3.50. Veedor( rogt 4 digit resettable counters 115v 2PH. Dec. Osc., £30. Many other Items available.

Includes VAT and Post and Packing . AC £1.25 (10p)

Please add £1 carriage and 8% VAT,
Cheques with Order e e ’ METAL FILM KITS ALSO AVAILABLE.
pe 2" X 1670. New £9 CATALOGUE No. 3 (Approx. 2000 Parts) 20p.
ELECTRONIC ENGlNEERlNG SE!‘VlCES {50p). C.W.O. P. & P. 10p on orders under £5. Overseas at cost.
23 Shaws_Road, Altrincham, Cheshire Ferric Chloride 25p Ib (20p). 10 Ibs for B.H. COMPONENT FACTORS LTD
Tel: 061-928 3232 A 4492 £2.50 (45p) Dept. WW, 61 Cheddington Road. PITSTONE,
TELEPRINTER PAPERS and TAPES, 8-"{' Nr. Leighton Buzzard, Beds. LU7 9AQ.
wide. 3-ply carbon. buff manilla 60p (35p).
ditto 7-ply NCR. no carbon required £1

F/Panel, £12:50. NGN Vacuum Meters PRU3 (Used) £15.
Marconl D-A Converters TF2402, £20. Code Converter
T F2403, HAAKE

instructions and mains.transformer. £4.50 s . Indicator . TF2404, £20.

Cheddington (0296) 668446

(35p). TAPES, %", white £2 per 8 rolls (65p).
ENAMELLED COPPER WIRE 5"butf £2 per 10 rolls (85p). 1 tape sui
S.W.G. 11b Reel }ib Reel riden, etc, £2 per 7 rolls (65p
10-14 £2.05 £1.15 VARIC Transformers 240 volt input. 0—~270v ZEPOBB
w2 e S output. 2 amp £3.50 (75p). 8 amp £9 (£1). Build a mixer to your own
%E:%i gg; ggg (2)9138(5np £18 (£2L. (755 )amp 110v input spec. Using our easy to wire
- - v output £3.5 p).
=1 £250 B All prices plus (p&p) total plus VAT 8%. AL—JDIO M DDL—J L—ES
Allc(raaPm;aEprli;essarlejir;IuPsivLelinEUs.K Large S.A.E. for list. For full details contact Richard Brown
| CASEY BROS, 235 Boundary Rd, St Helens, at Zero 88, 115 Hatfield Road.
102 pumm:&mr 2..4né;n53ncnmu 20 Lancs. St. Albans, Herts, AL1 4JS Tel.63727
59
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CLASSIFIED

APPQINTMENTS

EDIFON TELECOMMUNICATIONS LTD., Lon-
don, S.W.18, have a vacancy for an enthusiastic,
practical man with some experience of Volume
Production Testing in the electronics industry. Phone:
01-874 7281 and ask for Len Porter. (4288

SERVICE ENGINEERS for audio visual equipment
needed to supplement our present team. Salary

negotiable. Burgess Lane & Co. Ltd., Thornton
Works, Thornton Avenue, Chiswick W.4. 994 5752/
5953. [4388

WE SEEK a talented young T/V colour service
Engineer able to effectively run a small work-
shop. In return a self-contained flat. Full particulars:
Coles, 14 Wolborough ., Newton Abbot, Da/;);l.

SITUATIONS WANTED

SURPLUS Components, Equipment and Computer
panels wanted for cash. Ring Southampton
772501. [4442

SITUATIONS VACANT

I-F1 _AUDIO ENGINEERS. We require experi-
enced Junior and Seniors and will pay top rates
to get them. Tell us about your abilities. 01-437 46[0179.

MANCHESTER POLYTECHNIC, Faculty of Art
and Design, School of Audio-Visual Studies.
Television Engineer. The post is one of responslblllgy
and entails assisting the Senior Engineer with studio
operations and maintenance in closed circuit tele-
vision, Candidates should have experience pf broad-
casting or educational television operations and
should be conversant with both television and sound
studio production. Appropriate technical qualifica-
tions such as H.N.C. or City and Guilds Certificate
would be an advantage. Salary scale (T4) £'2,53i_!—
£2,880 plus threshold payments and qualification
allowance. For application form (returnable by 3
March, 1975) please send a self addressed envelope
marked '*A/210/1” to the Secretary, Manchester
Polytechnic, Lower Ormond Street, Manchester,
M15 6BX. [4479

NIVERSITY OF LEEDS. Electronic Technician

(Grade 5) required in the School of Chemls.try
Electronic Workshop, to work on the construction
and maintenance of electronic equipment used in
the department. The applicant should preferably
have experience of Mass Spectrometry and Nuclear
Magnetic Resonance equipment, however, the person
required should be conversant -with Multi-channel
Analysers, printed circuit techniques and electro-
mechanical transducers. Qualifications—HNC or
equivalent. Salary on the scale £2,439 to £2,895 a
year. Applications to Mr. S. Walker, Supervisor of
the Electronic Workshop, School of Chemistry, The
University of Leeds, Leeds LS2 9JT. 14445

NIVERSITY OF LEEDS. Electronics Technician
I Grade 3 required in the department of
Physiology. The person appointed would be res-

ponsible, under the head of the department an.
the departmental electronics engineer, for the
construction, modification and maintenance o.

electronic cquipment associated with research an
teaching of biological studies, Must be capable of
working from precise instructions, circuit diagrams,
sketches and manuals. Applicants should hold ONC
or equivalent qualifications in relevant sul?jects.
Salary is in the range of £2,013-£2,343 according_to
qualifications and experience. Applications stating
age, qualifications and full experience, together
with the names and addresses of two referees should
be addressed to Mr. E. French, Departmental
Superintendent, Department of Physiology, Medical
Multipurpose Building, Mount Preston Street,
Leeds LS2 9NQ. [447C

HELDON and Associates—Professiona] commis-
sioning engineers would like to hear from
candidates with practical and/or design experience
and qualifications in the following fields for com-
missioning activities both at home and overseas:—
Power drives:—A knowledge of large scale Ward
Leonard and Thyristor variable speed drives also a
working knowledge of thyristor trigger circuits and
servo-positioning controls. Digital and analogue
systems:— A knowledge of digital controls, Data
Processing, relay and solid state logic, solid state
control, Telemetry etc. Remuneration is above
average and candidates would be expected to takc

advantage of in-house training. Sheldon and
Associates, Consulting and Commissioning
Engineers, 73 Carterknowle Road, Sheffield S7 2DW.

[4474

ARTICLES FOR SALE

ARVAK ELECTRONICS. 3 Channel Sound-
Light Converters from £17; Strobes, £21; Rain-
bow Strobes, £133. Free catalogue. 98A (W), West
Green Road, (Side Door), London N15 5SNS. 01-800
8656. [23

LL NEW COMPONENTS UNUSED. Transistors

2N3055, 46p; BC107, 10p. Diode, 400v piv, 1A,
1N4004, 3.5p. Reduction for quantities. All plus
10p P&P, plus 8% VAT. SAE for full listss WW
Res, Caps, Zeners, nuts and screws, etc. Nestra
Electronics Ltd., Scott St., Bognor Regis, Sussex.
Tel: Bognor 25713. (4489

AUDIO & STEREO CABLES. Ex-stock delivery.
Competitive prices. Packed on 100m reels. 1, 2
core, twin fig. 8 14/.12mm Poly/PVC individually
spiral screened stereo cable, £8.50 per 100m; 2, 4
core, circular 7/.1lmm Poly/PVC individually spiral
screened audio cable, £12.10 per 100m. Collective
orders of over 1,000m qualify for 10% bulk dis-
count. SAXONIA CABLES LIMITED, Roan
Street, Greenwich, London S.E.10. 01-858 371[3.
4461

a%0

OLOUR. UHF and TV SPARES. Colour and

UHF lists available un request. 625 TV, If unit,
suitable for Hi-Fi amp or tape recording, £6.75, P/P
35p. Televisiun constructiun cross hatch ki, £3.85,
P/P 15p. Bush CTV 25. New convergence panels plus
yuke und blue lat., £3.85, P/P 40p. New Philips single
standard convergence pancls complete, incl. 16 con-
trols, coils, P.B. switches, leads and yuke £5.00, P/P
40p. New Culuur Scan Coils, Mullard or Plessey plus
convergence yoke and blue lateral. £10.00, P/P 40.
Mullard ATI1025/05 Convergence Yoke, £2.50, P/P
35p. Mullard or Plessey Blue Laterals, 75p P/P
20p. BRC 3000 type Scan Coils, £2.00 P/P 40p.
Delay Lines DL20, £3.50, DLIE, DL1. £1.50, P/P
25p. Lum Delay Lines, 50p, P/P 15p. EHT Colour
Quadrupler for Bush Murphy CTV 25 111/174 series,
£8.25, P/P 35p. EHT Colour Tripler ITT TH25/1TH
suitable most sets, £2.00 P/P 25p. KB CVCt Dual
Stand, cunvergence pancls complete incl. 22 controls
£2.75, P/P 35p. CR1 Base panel, 75p. P/P 15p.
Makers Colour surplus/salvaged Philips G8 panels
part complete; Decoder, £2.50, IF incl. 5 modules,
£2.25. T. Base, £1.00, P/P 25p. CRT base, 75p, P/P
15p. GEC 2040 panels, Decoder, £3.50. . Base
£1.00, P/P 35p. CRT Basc 75p, P/P 20p. BO9D valve
bases 10p, P/P 6p. VARICAP TUNERS. UHF ELC
1043 NEW, £4.50, Philips VHF for Band 1 and 3,
£2.85 incl. data. Salvaged VHF and UHF Varicap
tuners, £1.50, P/P 25p. UHF TUNERS NEW,
Transistorised. £2.85 or incl. slow motion drive, £3.85.
4 position and 6 pos. push-button transistorised, £4.95.
All tuners P/P 35p. MURPHY 600/700 series com-
plote UHF Conversion Kits incl. tuner, drive assy.,
625 IF amplifier, 7 valves, accessories housed in cabi-
net plinth assembly, £7.50 P/P 50p. GEC 405/625
Dual standard switchable IF amplifier and output
chassis incl. cet., £1.50 P/P 35p THORN 850 Dual
standard time base panel, 75p P/P 35p. PHILIPS
625 IF amplifier pane! incl. cct., 75p. P/P 30p. VHF
turret tuners AT7650 incl. valves for K.B. Featherlight,
Philips 19TG170. GEC 2010, etc., £2.50. PYE minia-
ture incremental for 110 to 830. Pam and Invicta,
£1.00. A.B. miniature with UHF injection suitable
K.B. Baird, Ferguson, 75p. New fireball tuners Fer-
guson, HMV, Marcuni, £1.80 P/P all tuners 30p.
Mullard 110° mono scan coils, new suitable all stand-
ard Philips, Stclla, Pye, Ekco, Ferranti, Invicta, £2.00,
P/P 35p. Large selection LOPTs. FOPTs available
for most popular makes. 2004200100 Microfarad
350v Electrolytic, £1.00 P/P 20p. MANOR SUPPLIES,
172 WEST END LANE, LONDON. N.W.6. Shop
premises, callers welcome. (No. 28, 59, 159 Buses or
W. Hampstead Bakerloo and Brit. Rail). MAIL
ORDER: 64 GOLDERS MANOR DRIVE, LON-
DON. N.W.11. Tel. 01-794 8751.

COSSOR Double Beam Oscilloscope,
Mk. 4, £22. Tel: 01-449 8409. [4454

ONSTRUCTION AIDS—Screws, nuts, spacers,
A etc., in small quantities. Aluminium panels
punched to spec. or plain sheet supplied. Fascia
panels etched aluminium to individual requirements.
Printed circuit ,boards—masters, negatives and
board, one-off or small numbers. Send 9p for list.
Ramar Constructor Services, 29 Shelbourne Road,
Stratford on Avon, Warwks. Tel. Stratford on Avon
(std 0789) 4879. 128

AVE YOU HAD YOUR CHIPS? AY-5-1224
‘Digital Clock chip+data and circuit diagram £3.66
—Details SAE. Jumbo 0,6” DL 747 seven segment
L.E.D. display now only £2.04. All post free, add
standard VAT.—GREENBANK ELECTRONICS, 94
New Chester Road, Wirral, Merseyside 1.62 5AG.
{ 4405
EATH IG-37 FM Stereo Generator, brand new,
factory aligned, £60. I. G. Bowman, 35 Park
Hill Road. Torquay, S. Devon. [4401

. CREATE, 51 Midhurst Road, London W13 9XS.
Zero—X Relays 8A 240V AC. Expoxy Encapsu-
lated. Integral Heatsink. Input 10UA 2V. £5.40 [cach.
4385

ADDERS unvarnished 14ft. lin. closed, 25ft. 4in.
extd. £21.40 delivered. Tel: Telford 586644. [13

FFERS INVITED for 13 Vols. Electronic
Engineering, 1951-52, 1956-66 (Jan. '56 missing).
10 Vols. Control, 1958-66 (No. ! Vol. 1 missing).
Copies are stripped for binding but not bound.
Bound collects, North Yorks, Box No. WW.  [4485

OSCILLOSCOPE (Cossor CDU 110) T/B Recon-
ditioned as new £255.00. Telephone Mike
Yorke 027-588 (Bitton) 2707 (daytime) or (
(Corsham) 713283 (evening). 14473
com-

PROBLEM getting awkward or unusual
ponents? Let us help you find them., Also ‘one

type 1049

off> P.C.B.’s by return of Post Service. Yorkc
Electronics 027-588 (Bitton) 2707. ‘(447
PDP 8 MINICOMPUTER with ASR33 Inter-

face; -but without peripherals, £475.

Mohawk MDS 1320 LINE PRINTER, ex-demonstra-
tion only, installed and maintained FREE for 6
months, £2,900. Model 2 FLEXOWRITER in BCD
code, ¢/w desk, etc., £385. Teletype BRPE 20 Punch,
£45. Friden 1151 PROGRAMMABLE PRINTING
CALCULATOR, 30 step, S memory, £55. Friden
2312 papertape reader, £35. Elliott T2-202 photo-
electric tape reader, £55. TTL Panel meter, £6.
Electronic Associates VARIPLOTTER, £95. Ferranti
Magnetic Memory DRUM, £29. Flexowriter, 5-hole
Paper Tape Typewriter, £38. 400Hz Inverter, £8. EMI
rotating drum audio echo unit, £55. Digital Tape
unit, £35. ICL 1901/2 PROCESSOR with KSR33
CONSOLE TYPEWRITER, £650. ICL 2501 CAS-
SETTE TAPE for above, with 12 casseftes and
some software, £225. (Installation and Maintenance
available for 1901.) ITEL WORD PROCESSING
MACHINES USING GOLFBALL TYPEWRITER,
ex-demo., from £350 (maintenance available from
us). COMPUTER APPRECIATION, Castle St.,
Bletchingley, Surrey. Tel: Godstone 3106. [4450
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PHILIPS PM3232,0séiJloscopc for sale. Used only
twice, one year old, £160. MEC Electronics Ltd.,
327B Hedon Road, Hull, Humberside. [4403

YE INDUSTRIAL CAMERA MARK 1V, type
2048. Ser. 69, with lens change attachment type
2081. Ser. 46. Camera control panel type 3716 Ser, 90.
Industrial camera cuntrol unit type 2332c. Ser. 85.
One tripod to fit and three lengths of cable. £400
o.n.o. Telephone Cambridge 55081. [4381

OUND-LIGHTER Converter and sequence

generator combined. Three Channels at 1 KW
per channel capability. Includes a sdund to sequence
function. £35 complete, Please write Box No. WW
4448.

PEAKER enclosures made from high density

chipboard, finished in walnut with black
leatherette top and back. 3lin. by 13}in. by 13in,
with damp tapered labyrinth to incorporate three
drive units with an output of 25 watts -ms. Slightly
imperfect. Tel: Mr. Edwards, St. Albans 66177
(daytimnc), St. Albans 60796 (evening). (4487

HER 4000S Mono in case, choice of eight,
mostly in good working order. £35 cach. No
guarantee. Telephone 935 8161. [4453

VACUUM is our speciality, new and second-hand.
rotary pumps, diffusion outfits, accessories,
coaters, etc. Silicone rubber or varnish outgassing
equipment from £40. . N. Barrett (Sales) Lud.,
I Mayo Road, Croydon. 01-684 9917. 24

VACUUM is our speciality, new and secondhand.

Pumps, Plant and equipment for degassing
silicone, Epoxy, Varnish, etc. Metallisers from 6in.
to 36in. Catalogue, Barretts, Mayo Road, Croydon,
CRO 2QP. Tel: 01-684 9917. {4484

ALVES, TRANSISTORS, STYLI. Valves 1930 to
1975, 1500 types in stock. Many obsolete; List
15p. Diamond Styli, list 10p; transistors, list 15p,
S.A.E. for quotation. Cox Radio (Sussex) Ltd., The
Parade, East Wittering, Sussex. West Wittering [20523
4027

WIRELESS WORLD 100 copies 1919 to 1937
offers? BBC Year Books 9 copies 1928 to 1934
£5; Amplion Horn Speaker Type AR23 New £15;
Valves (50), Coils, Transformers, all new 84 compo-
nents £15. 01-882 0638 Palmers Green N.13.

OLTHAM 20W Audio Power Amplifier
module. In world-wide use by industry, studios
and laboratories. Confidently challenges any per-
formance at any price. £8.80 inc. Sydney House
35 Villiers Road, Watford. 38757. [4475

OW and Flutter Meter (Tecnica WF971).
Unused as New £275.00. Telephone Mike
Yorke 027-588 (Bitton) 2707 (daytime) or 0277
(Corsham) 713283 (evening). [4472

60

KHz MSF Rugby and 75 KHz Neuchatel Radio

Receivers, Signal and Audio outputs. Small,
compact units. Two available versions. Toolex,
Bristol Road, Sherborne (3211), Dorset. f21

3000 104 reels 1” computer tape. No reasonable
offer refused. Southampton 772501, [444]

= 00,000 CAPACITORS-POLYESTER C280-250v
<) and 400v, values from 0.01UF to 2.2UF mixed

100-£1.00, 1000-£8.00. Electrolytics from I1UF to
1000UF, 10v to 63v mixed, 100-£1.50, 500-£6,00.
Electronic Mailorder, Ramsbottom, Bury, L[a4r:‘cssj

ARTICLES WANTED

WANTED, all types of communications recetvers
and test equipment.—Details to R. T. & I,
Electronics, Ltd., Ashville Old Hall, Ashville Rd.,
London, E.11. Ley. 4986. (63

NE COPY wanted of IEEE Audio Transactions,
June 1967. Any price paid. Phone J. Hawthorne
on Uxbridge 36428. [4462

CAPACITY AVAILABLE

IRTRONICS LTD., for Coil Winding—large or
smal] production runs. Also PC Boards Assem-
plies. Suppliers to P.O., M.O.D., etc. Export
enquiries welcomed, 3a Walerand Road, London,
SE13 7PE. Tel. 01-852 1706. [61

AVAILABLE Capacity for Electronic Electro-
Mechanical Assembly Wiring of P.C.B.’s Panels
cableforms, design work undertaken if required.
Jackson Instruments, 74 Western Road, Leicester,
0533-546649. [4026

ATCH Production Wiring and Assembly to
sample or drawings. Deane Electricals, 19B
Station Parade, Ealing Common, London, W.5. Tel:
01-992 8976. [20

ATCH Production Wiring and Assembly to
sample or drawings. Deane Electricals, 19B
Station Parade, Ealing Common, London, W.5. Tel:
01-992 8976. [20

CAPACITY available to the Electronic Industry.
Precision turned parts, engraving, milling and
grinding both in metals and plastics. Limited capa-
city available on Mathey SP33 JIG BORER. Write
for lists of full plant capacity to C.B. Industrial
Engineering Ltd., 1 Mackintosh Lane, E9 6AB.
Tel. 01-985 7057, (14

Classifieds continued on p. 91
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Classifieds continued on p. 90
Capacity Available—continued

ESIGN, development, repair, test and small pro-
duction of clectronic equipment. Specialist in
production of printed circuit assemblies. YOUNG
Electronics L.td., 184 Royal College Street. London,
NWI 9NN. Tel: 01-267 0201. 129

ENGINEER makes anything unusual. Inventors
models, displays. Special tools and equipment.
Seymour, 30 Devonshire Drive, Stapleford, Notting-
ham. [4229

IGHT ENGINEERING firm required. able to
produce belt drive Turntable and low Mass
Pick-up arin. Box No. WW. (4481

ABELS, NAMEPLATES, FASCIAS on_anodised
aluminium or perspex. Any quantity, superb
quality, fast delivery. G.S.M. GRAPHICS LTD.,
1-5 RECTORY LANE, GUISBOROUGH (Tel:
02873-4443), YORKS. (26

MALL Batch Production, wiring assembly. 10
sample or drawings. Specialist in printed circuit
assemblies. D. & D. Electronics, 42 Bishopsfield.
Harlow, Essex. Tel: Harlow 33018. [17

COURSES
ADIO and Radar M.P.T. and C.G.L.I. Courses.
Write: Principal, Nautical College, Fleetwood,
FY7 81Z. [25

NEW GRAM AND SOUND
EQUIPMENT
LASGOW HI FI, Recorders, Video, Communica-
tions Reciever always available we buy sell and
exchange for photographic equipment. Victor Morris
Audio Visual Ltd., 340 Argyle Street, Glasgow, G.2;

31 Sauchiehall Street, Glasgow, G.1; 8/10 Glassford
Street, Glasgow, G.2. Tel: 041-221 8958. [11

a9

RECEIVERS AND AMPLIFIERS—
SURPLUS AND SECONDHAND

RO Rx5s, etc., AR88, CRI100, BRT400, G209,
$640, etc., etc., in stock.—R. T. & I. Electronics,
Ltd., Ashville Old Hall, Ashville Rd., London, E.11.
Ley. 4986. {65

IGNAL generators, oscilloscopes, output melers,
wave voltmeters. frequency meters, multi-range
meters, etc., etc., in stock.—R. T. & [. Electronics,
Ltd., Ashville Old Hall, Ashville Rd., London, E.11.
Ley. 4986. |64

SERVICE AND REFPAIRS

SCRATCHED TUBES. Our experienced polishing

service can make your colour or monochrome

tubes as new again for only £2.75, plus carriage £1.

With absolute confidence send to Retube Ltd., North

Somercote Louth, Lincs, or ’phone 0507-85 30207.
' [

TAPE RECORDING ETC.

IF QUALITY, durability matter, consult Britain’s
oldest transfer service. Quality records from your
suitable tapes. (Excellent fund raisers for schools).
Modern studio facilities with Steinway Grand.—
Sound News, 18 Blenheim Road, London, W.4. 01-
995 1661. [4302

VALVES WANTED

WE buy new valves, transistors and clean-new com-
ponents, large or small quantities, all details,
quotation by return.— Walton’s, 55 Worcester St..
Wolverhampton. (62

For further details ring:

CLASSIFIED
ADVERTISEMENTS
RATES
1975

86p per line (minimum £2.58)
Displayed £6.08 per single column centre
3-Page £89.23
3-Page £176.74

ALLAN PETTERS
01-261 8508 or 01-261 8423

Full-Page £343.20
Box No. 35p

CLASSIFIED

EXCLUSIVE OFFERS

WORLD-WIDE RANGE
NEVER BEFORE OFFERED
COMPLETE TRANSPORTABLE HF. COMMUNICA-

TIONS CENTRE housed in Air Conditioned TRAILER
fitted two COLLINS KWT-6 500W B. Transniitter-
Receivers and one COLLINS Receiver all fully tuneable
2 to 30 s digitsal readout nthesised  frequeny
control,  with line amplifiers inputs. operating
position and  remote  control es and  ancillary

equipment Power input 115V or 230V A.C. Full details

on application.

PHILCO HC-150 POINT-TO-POINT STRIP RADIO HF
RECEIVERS 2/30 m'vs. Ten fully tuneable chanunel
0-5 kes with synthesisers, Single and diversity i
on 188, DSB, 88B with 4 sub-hands to each chaunel.
Full details and prices ou application.

HIGHEST QUALITY 19" RACK
MOUNTING CABINETS & RACKS
CABINETS

Our Height Width Depth  Rack Punel
Ref.in inches in inches in inchex Spuce in ing, Price
3 9 o

Ch 69 21 68 £10-00
CL 30 36 42 £12-50
CR 49 20 — £24-00
DM 70 26 138 £21-00
FA 8 46 160 £22-00
FC 52 22 47 £17-00
FD 40 24 72 £14-00
Foo 11 18 10 £11-00
FH 15 1% 11 £12 00
FI 15 15 12 £12-00
FN 70 20 68 £17-00
FL 84 17 80 £2]-
LL6 11 17 9 £15-00
LL7 16 12 14 £15-00
LL8 10 10 9 £15-00
LLY 17 2 17 14 £15-00
Also Consoles, twin and multi-way Cablnets.
OPEN RACES
Our Height Channel  Rack Paxel
Ref. ininches Depth Npace Base Price
P85 3 79 15 £11-00
RG 57 2 51 14 £9-00

Full details of all above on request.

We have a large quantity of "bits and plecea’
we cannot list—please send us your requirements
we can probably help—all enquiries answered,

15" dia. Reel fibreboard Transit Cases,

professional Cathode Ray Tubea avallable. List

We have a varied assortment of industrial and |
on
request.

*

strapped. 10 for £5-00
% Rustrak Chart Recorders 1-0-1 m/a (New) £30-00
% Marconi Marine Speech Inverters £30-00
% URA 8 Teleprinter Converters £85-00
% Portable Mains Battery Floodlights £24 00
% 400 channel Pulse Height 8pectrum Analysers P.1I.R.
% Alrmec 245 L.F.150 watt Oscillators £30-00
% Solartron 5/25000 eve. Oscillators £24-00
% Southern Inst. 1800 F.M. Meters £24 00
v Belling Lee T.V. Relay Equipment P.U.R.
* Addo 5/8 track Tape Punches £48-00
% Tally 5/8 track Tape Readers £48-00
% 80 column Card Hand Punches £40-00
% Auto Electric Carillon Chimes £250-00
% 10 foot Trianguiar Lattice Mast Bections

6 inch sides £12:00
% Ditto 15 foot with 15 inch sides £29-00
+* la A ann Electric Hyg L £24-00
% Racal RA63 88B Adapters (New) 27000
% WW Vol 1 No. 1 Bound to date P.U.R.
+ Hi-fi News, Vol. 1. No. 1 to date P.U.R.
Y% Ampex Audio 8tereo Tape Machines £250-00
% Astrodata 5190 Time Code Generatora £60-00
% Geotech 4983 Helio Amplifiers £16-00
% 19" Chrome trims 13" to 15” from £0-25
% Hi-fi Bounds Practical Wireless P.U.R.
+ DG7/5 CRT's 24" £3.00
% 3AZP/31 CRT's #}" £8-00
4 GGC-3 Lightweight Teleprinter £30-00
% FX-1 Fuesihile Transistor®* Receivers £85-00
% Teletvpe 28, 3-speed tape printers £35-00
% 54" dia. Meteorological Balloona £2-50
% Laboratory Radio Interference Filter 22.'50

FREE
4u-page list of over 1,000 different items in stock
available—keep one by you.

INSTRUMENTATION-TAPE
RECORDER-REPRODUCERS

AMPEX l
FR-600 and FR-100 - e

1”7 and §” 14 and 7
tracks 4 speeds Trans-
istorised

Also 1" 2 track 6 speeds

MINCOM

SMP-100
474717 7 tracks 6 speeds

E.M.I.

BTR-1
Several other smaller

decks.
Full details on request.

Prices ofabove are
from £100 to £400.

COMPUTER HARDWARE

% CARD READER 80 col. 600 c.p.m.
% PRINTER, High speed 1000 lines p.m.
% TAPE READER, High speed 5/8 track
800 c.p.m.

Prices on Application
PLEASE ADD V.A.T. TO ABOVE

P. HARRIS
ORGANFORD—DORSET

BHI16 6ER
BOURNEMOUTH-7€5051
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Wilmslow
Audio

THE firm

for

speakers/!

Baker Group 25. 3. 8or 150hm ......... £7.75
Baker Group35.3.80r150hm . ......... £8.50
Baker Deluxe.8or150hm . ..... ... ... £10.75
Baker Major, 3,80r150hm ............ £8.50
Baker Regent, 8or 150hm ............. £7.75
Baker Superb, 8or150hm ... ...... .. £14.50
Celestion PST8 (forUnilex) ............. £3.25
Celestion MH 1000 horn.8or150hm .. ... £10.95
EMI13 X 8.3.80r150hm ............ £225

EMI 13 X 8,150d/c3.80r150hm ... .. £2.50
EMI 13 X 8,450 t/tw, 8ohm .......... b
EMiI13 X 8.350.80r150hm ............

EMI 13 X 8. 20wattbass ! .
EM{21" tweeter8ohm .. ..........
EMI8 X 5, 10watt. d/c, roll/s 8 ohm A
Etac59RM 109 150hm.59RM11480ohm . .£2.80

Elac64” d/cone.roll/s8ohm ............. £3.50
Elac TW4 4" tweeter .. ............. .. £1.50
Fane Pop 15 watt 12” sacmsess cam -ema:a £5.25
Fane Pop 25T 30watt 12” .............. £7.25

Fane Pop 50 watt, 12" .. .............
Fane Pop 55. 12”7 60 watt ..
Fane Pop 60 watt, 15"

INTERNATIONAL
TRANSISTOR
SELECTOR

Over 10,000 U.S.A., Euro. Jap.
British Transistors, Electrical,
Mechanical Specifications,
Manufacturers & Available
Substitutes by T. D. Towers,
M.B.E. Price £3.15

THE RADIO AMATEUR'S HANDBOOK
1975 Edition by A. R. R. L. Price £3.50
VIDEOTAPE RECORDING THEORY &
PRACTICE by J. F. Robinson. Price £4.80
DIGITAL ELECTRONIC CIRCUITS &
SYSTEMS by N. M. Morris. Price £2.50

MC MOS HANDBOOK PRODUCTS—
CHARACTERISTICS — APPLICATIONS by
MOTOROLA. Price £2.80

OPERATIONAL AMPLIFIERS DESIGN &
APPLICATIONS by Tobey. Price £4.50
ELECTRONIC EQUIPMENT RELIABILITY
by J. C. Cluley. Price £2.70

COLOUR 'T.V. WITH PARTICULAR
REFERENCE TO THE PAL SYSTEM by
G. N. Patchett. Price £5.15

HIGH FIDELITY AUDIO AMPLIFIER
CIRCUITS by Texas. Price £1.10

BASIC THEORY & APPLICATION OF
TRANSISTORS. Price £1.60

% PRICES INCLUDE POSTAGE %

Wireless World, March 1975

TELEPHONE CABLE, Plastic covered grey 4-core coloured coded. |

74p per yard.

ELECTRICITY SLOT METERS (5p in &lot) for A.C. mains. Fixed

tarift to your requirements. Buitable for hotels, etc. 200/250+. 15 A.

£8-38. 20 A. £9-30. P.P. 75p. Other amperages available.

Reconditioned as new. 2 years guarantee.

MODERN DESK PHONES. red, green, blue or topaz, 2-tone grey

or black, with internal beil and handset with 0-1 diai £5-50.

5-WAY PRESS-BUTTON INTER-COM TELEPHONES in Bakelite

case with junction box handset. Thoroughly overhauled, guaran-

teed. Price £5:25. Send s.a.e.

10-WAY PRESS-BUTTON INTER-COM TELEPHONES in

Bakelite case with Junction box handset. Th hly over-

bauled. Guaranteed. £6-75 per unit. Send s.a.e.

20-WAY PRESS-BUTTON INTER-COM TELEPHONES in

Bakelite case with ion box. T Iy ov d. G

teed. £7-75 per unit. Send s.a.e.

The '"88'* Set. This transceiver, welghs approx. 5} lbe. and

measures 3§in. x 5}in. 84in. It is a 4-frequency channel set 41-44

me/s. Crystal Controlled and operates from a dry battery H.T./

L.T. 94/1. v. I.LE. Ruben Mallory Type No. 1 and employs the

following 14 valvea: 3A4 1 off; 11.4 6 oft; 1T4 4 off; 185 1 off;

1A3 2 off. £6.50 plus 73p P. & P.

?(}IABTEBLY CHECE METERS 15A £3-90. 20A £4-22.P. & P.
D.

All prices subject to fluctuation

Multi Relay Units, Group selectors, Final end selectors and

Relays In stock, 20-way fack strips and tip ring and sleeve plugs.

For callers only.

13 LISLE ST. (:5s) LONDON W.C.2

Open all day Saturday

Fane Pop 100 watt, 18"
Fane Crescendo 12A orB, 8or 15 ohm .. £29.00

Guide to

Fane Crescendo 15, 8or150hm . .... .. £36.00
Fane Crescendo 18, 8or 150hm . ... ... £51.95 O -
Fane 807T 8"-d/c. roli/s, 8or 15 ohm .. ... £3.85 Bro ad cast“]
Fane 801T 8” dfc, roll/s. 8ohm .. ... . ... £7.00 SPECIALISTS IN SCIENTIFIC
Goodmans 8P 8or15ohm . ............ £5.00 & TECHNICAL BOOKS
Goodmans 10P 8or150ohm ............ £5.30 -
Goodmans 12P 8 or 15 ohm ... . £12.95 19-21 PRAED STREET, tations
Goodmans 12P-D8 or 150ohm ... ...... £16.75 LONDON, W2 INP
Goodmans 12P-G8or 150ohm ........, £15.75
Goodmans Audiom 1008 or 150hm . ... £12.00 Phone 723 4185 1 7th Edition
Goodmans Axent 1008 ohm .. .......... £7.25 Closed Sat. I p.m.
Goodmans Axiom 401 8 or 150hm ... .. £17.25
goodmans Twinaxiom 8” 8 or 150ohm . ...£8.25 A new edition of a title which has
oodmans Twinaxiom 10” 8or 15 ohm ... £9.00 250,000 H
KfT27) s ok ot e ? s e ¥ ales v 1 £5.25 sold more than . RIS
Kef TS ... .. .. oo, £6. QUARTZ CRYSTAL The bulk of the book is devoted to
’ég; g;gg --------------------------- ggg UNITS from lists of stations broadcasting in
KefB139 ... ........ ... . ... . 1475 the long, medium, shortand v.h.f.
KefDN8 ... .................. . £2.00 O Q0T LH bands in both frequency and geo-
KefDN1s il . e ey graphical and alphabetical order.
Richard Allan CG8T 8”d/croll/s ... ... .... £6.35 The book also contains useful
STC 400 1 G super tweeter ......... .. £6.19 ® 7O DEF6271-A information on radio receivers
Fane 701 twin ribbon horn ... ...... ... £35.00 ial h St
Baker Major Module each ... ... _£10.75 WRITE FOR aerials and earth, propagation,
googmans lr\)/:ﬁzz%e:cr; VT E LI f:g.;;g LEAFLET AT- 1 signal identification and reception
oogmans ohmeach ..........
) - reports.
Helme XLK25 (pair) _.......... .. . £22.00 McKNIGHT
Helme XLK30 (pair) B e fwh A £14.95 CRYSTAL Co. R
Helf:(ne XLK5O (pair) ....... ... .. . £39.95 HARDLEY INDUSTRIAL 1973 206 (e (I)”g%tzra(t)%%m 75
Kefkit 1 each . ................... ... £20.95 ESTATE, HYTHE. P
Kefkit3each ......... .. . . £36.75 TEL.HYTHE 848961  SOUTHAMPTON S04 8ZV.
Peerless 3—15 (3 sp. system)each .. ... .£15.00 STD CODE 0703 i -
Richard Allan Twinkit each ... .... .. ... £8.95
Richard Allan Triple8each ............ £13.75 II Iu stratl ons

Richard Allan Tripleeach . ............. £19.95 D d circui
Richard Allan Super Triple each . . ... .. .. £23.75 s INTEL supplied with orders.
Wharfedale Linton 2 kit {pair) .. ... £19.25 b or available separately
Whartedale Glendale 3 kit {pair) £34.50 {43p stamp each).

Wharfedale Dovedale 3 kit{pair) ...... . £52.50 NSN33-12” 3 Digit LED Readout—only 55p/digit] .. £1.65
Economy DL704 -3” LED 7 segment display .. ... Only 95p
MK50250N Alarm Clock IC . ... ... ... o ....f£6.90
PCB's now availabie for clocks. drivers and displays
CT7001 + 4 DL704 only £10.80; CT7001 + DL704 . £12.70
Soldercon IC socketpins . ... .. ... .. 300 pins for £1-50
{Instructions supplied) 1000 pins for £4-00
—send s.a.e. for sample 3000 pins for £10-50
ADD VAT (é) %—Add ‘IO‘F p&p for orders under £2
SINTEL, 53¢ ASTON STREET, OXFORD Tel: 0865 43203

SOWTER TRANSFORMERS

FOR'SOUND RECORDING AND REPRODUCING EQUIPMENT
We are suppliers to many well-known companies,
studios and broadcasting authorities and were estab-
lished in 1941. Early deliveries, Competitive prices.

in Applied
Network Theory

F. E. Rogers

PRICES INCLUDE VAT

Cabinets for PA and HiFi, wadding, vynair, etc.

A hundred numerical and al-
gebraic illustrations designed to
exemplify practical circuit prob-
lems and introduce, in analysis,
principles consistent with studies
of synthesis that may be pursued
later.

1973 240 pp., illustrated
040870425 X cased £5.00
040870426 8!limp £2.50
Obtainable through any bookseller

Send stamp for free booklet *'Choosing a Speaker”.

FREE with orders over £7—''HiFiloudspeaker
enclosures’” book.

All units guaranteed new and perfect.

Large or small quantities. Let us quote.
E. A.SOWTER LTD.
Transformer Manufacturers and Designers
7 Dedham Place, Fore Street, Ipswich 1P4 1JP
Telephone 0473 52794

Prompt despatch.

Carriage: Speakers 38p each. tweeters and
crossovers 20p each, kits 75p each (pair £1.50}.

WILMSLOW AUDIO

Dept WW
Swan Works, Bank Square, Wilmslow,
Cheshire SK9 1HF Tel. Wilmslow 29599
{Discount HiFi, PA and Radio at
10 Swan St, Wilmslow.)

WE PURCHASE ALL FORMS
OF ELECTRONIC EQUIPMENT
AND COMPONENTS, ETC.
SPOT CASH
CHILTMEAD LTD.

7, 9,11 Arthur Road, Readlinsg,
Berks. Tel: 582 605

Newnes-
Butterworths

WW-—063 FOR FURTHER DETAILS
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EX-COMPUTER
STABILISED POWER SUPPLIES

RECONDITIONED, TESTED AND

GUARANTEED
Ripple <10mV. Over-voltage protection
120-130v. 50 ¢/s input. Stepdown transformer
to suit about £3.

Post & Packing £1-70
5-6v. 8A. £12 5-6v. 16A. £16
5-6v. 12A. f14
PAPST FANS 4i{x44{x2in. 100 cfm.
240v. 50/60 Hz. £3-50 (30p).
PAPST FANS 6in. dia.x2+in. deep. Type
7576 £5-00 (30p)
Few only 6in. PAPST £4 (30p).
TRANSISTORS p&p10p
BC107/8/9 BC147/8/9 BC157/8/9 all 9p
BF180 25p BF182/3 40p BF184 17p BC167
13p BFW10 55p BF336 35p 741 8 DIL 34p
2N3771 £1-10, 2N3441 50p, BD131 40p
NES55 67p.
ELECTROLYTICS
30,000u 25v, 68,0001 16v, 15,000n 30v 65p
(20p) 5,000u 35v., 40p (12p) 4,700u 63v., 50p
(12p) 2,000u 50v., plus clip 35p (8p) 2,200
63v., 35p (8p)
EX-COMPUTER PC PANELS 2xdin.
25 boards for £1 (30p).
QH Bulbs, 12v. 55w............. 50p (7p)
150 mixed HI-STABS ...60p (11p)
250 Mixed Resistors........ ...60p (13p)
250 Mixed Capacitors ...80p (11p)
200 Sl Panar Diodes.............. 50p (8p)
Microswitches .............. 8 for 50p (10p)
Min. Glass Neons 8 for 50p (7p)
2N3055 EQUIV ............ 4 for £1 (10p)
SMALL ELECTROLYTICS
2.2p 10/16v., 10u 35v., 50n 40v., 100u 40v.,
100p 6v., 1501 10v., 64n 10v. 12 for 45p (6p)
PRESETS 100mW
220, 470, 1k, 4k7, 10k, 100k 12 for 50p (6p)

Postage and packing shown in brackets
Please add 8% VAT to TOTAL

KEYTRONICS

Mail Order only.

44 EARLS COURT ROAD, LONDON, W.8
01-478 8499

PRECISION
POLYCARBONATE CAPACITORS

All High Stability —Exiremely Low Loakage

440V AC (£10%) 63V Range

0-1uF (13" X ") 50p +1% +2% 5%
0-22uF (1§ %47 59p | 0-47uF  56p ~ 46p  36p
0-25uF (1§"x 4"  62p [ 1-0 68p 56p  46p
0-47uF (1" x §" 71p | 2-2uF 80p 65p  B5p

0-6uF (13" x 1"} Wp{ 4-7uF  £1-30 21-06 85p
0-88uF (27X {7) 80p| 6-8uF £1-64 #£1-28 £1-09
1-0uF (2" x §7) 81p | 10-0uF  £2-00 £1-60 £1-40
2:0uF (2"x17) £1-22 ) 15-0uF 2275 £2-15 21-90
TANTALUM BEAD CAPACITORBValues available:
0-1, 0-22, 0-47, 1-0, 2-2, 4-7, 6-8uF at 15V/256V or 35V;
10-0uF at 16V/20V or 25V; 22-0uF at 6V/10V or 16V;
33-0uF at 6V or 10V; 47-0uF at 3V or 6V; 100-0uF at 8V.
ALL at 10p each, 10 for 85p, 50 for £4.

TRANSISTORS BC183/183L 1lp | BFY50 20p
BC107/8/9 9p | BC184/184L 12p | BFY5L 20p
BC114 12p | BC212/212L 14p | BFY52 20p
BC147/8/9  10p | BCD47/558A 12p | AF178 30p
BC153/7/8  12p | BF194 12p | oc71 12p

BC182/182L  1lp | BF106/197 13p | 2N3055

POPULAR DIODES—IN914 8p, 8 for 45p, 18 for 80p
1N916 8p, 6 for 45p, 14 for 80p; 1844 5p, 11 for 50p,
24 for £1-00; 1N4148 5p, 6 for 27p, 12 for 48p; 1N4001
ﬂp, 002 81!, 003 6}p: 004 7p; 005 7}p; 006 8p; 007 8ip.

LOW PRI ZENER DIODES—400mW, Tol. +5% at
SmA. Valueu available: 3V, 3-3V, 3-6V, 4:7V. 5 1V, 5-6V,
6-2V, 6-8V, 7-5V, 82V, 9-1V IOV 11V 12V, 12\, 13 5V,
15V, 16V, 18V, 20V, 22V, 24V 27V, 30V, 33V. All at 7p
e&ch, 6 for 39p. 14 for 84p. SPECIAL OFFER: 100 Zeners
for £5-50.
RESISTORS—High stabllity, low noise carbon film 5%.
W at 40°C, W at 70°C. E12 aeries only—irom 2-2Q2 to
2-2MQQ. ALL at 1p each, 8p for 10 of any one value, 70p
for 100 of any one value. SPECIAL PACK; 10 of each
value 2-282 to 2-2MQ (730 N!lak)rs) H
SILICON PLASTIC BECTIFIERS— amp. brand new
wire ended D0O27; 100 P.IV. 7p (4 lor 26p) 400 P.LV. 8p
{4 for 30p).
BRIDGE RECTIFIERS—2{ amp, 200V 40p; 350V 45p;
600V 55p.
SUBMINIATURE VERTICAL PRESETS—0-1W only.
ALL at 5p each: 50Q, 1009, 22082, 47082, 68082, 1kQ2
2:2kQ, 4-7kQQ, 6-8kK2, 10k, 15k, 22k, 47kQ, 68kQ;
100k$2, 250kS2, 680LSY, 1MS2, 2-5MQQ, SMSQ2.
PLEASE ADD 10p POST AND PACKING ON ALL
ORDERS BELOW £5. ALLL. EXPORT ORDERS ADD
COST OF SEA/ATRMAIL.

PLEASE ADD 8% V.A.T. TO ORDERS.
8end 8.A.E, for liats of additional ex-stock ltema.
‘Wholesale price liate i to bona fide

MARCO TRADING (Dept. DII)
The 01d School, Edstaston, Nr.Wem, Shropshire
Tel. Whixall (Shropshire) (STD 094872) 464/5

(Proprs.: Minicost Trading Ltd.)

- STEREO DISC AMP

FOR BROADCASTING AND DISC MONITORING

Mains in. Balanced lines out. Excellent distortion and LF
performance. MEETS IBA SPECIFICATION £95.

PEAK PROGRAM METERS TO BS4297

also 200KHz version for high speed copying.

Drive circuit. 35 x 80mm. tor TmA L.H. zero meter to BBC
ED1477. Gold 8-way etige con supplied.

4 off 10 off 50 off
Complete kit £10.00 £9.60 £9.00 £8.60
Built and a 3 £14.00 £13.30 £12.60 £11.90
ERNEST TURNER PPM meters. scalings 1/7 OR-22/+4. Type
642. 71 x 56mm £12.60: 643, 102 x 79mm £15.00.
Twin movement. scale 86 x 54mm £37.00.

FREQUENCY

SHIFTER

FOR REDUCTION
PUBLIC ADDRESS : SOUND REINFORCEMENT

In any public-address system where the microphones and
loudﬂ)eakers are in the same vicinity acoustic feedback (howl-
round) occurs if the amplification exceeds a critical value. By
shifting the audio spectrum fed to the speakers by a few Hertz
the tendency to howling at room resonance frequencies is
destroyed and an increase in gain of 6-—8dB is possible before
the onset of feedback.

SHIFTERS IN BOXES with overload LED. shiftvbypass switch.
BS4491 mains connector and housed in strong diecast boxes
finished in attractive durable blue acrylic. Jack or XLR audio con-
nectors.
Type A B C

Input impedance 200Kohm 200Kohm 10Kohm BALANCED
2000 800 ohm 20 or BOO ohm BAL

£68.00 £84.00

Cutput impedance 2Kohm
Pﬂr[‘:li £50.00

SHIFTER CIRCUIT BOARDS FOR WW July 1973 article
Complete kit and board £248.00 /ncluding p.s.v. and DESIGNER
Board built and aligned  £31.00 mains transformer APPROVED

SPECTRUM SHIFTER: variable shifts, 0.1-1000Hz,
for weird special effects and phasing. Ring for Jeafiets.

SURREY ELECTRONICS

The Forge, Lucks Green, Cranleigh,

Surrey GU6 7BG. (STD 04866) 5997
CASH WITH ORDER. less 5% UK post free. add VAT

TRANSFORMER LAMINATIONS enor-
mous range in Radiometal, Mumetal and
H.C.R., also ’C*”* & ““E’’ cores. Case and
Frame assemblies.

MULTICORE CABLE IN STOCK
CONNECTING WIRES

Large quantities of miniature potentiometers
(trim pots) 20 ohm to 25K. Various makes.
Wholesale and Export only.

J. Black

OFFICE: 44 GREEN LANE, HENDON, NW4 2AH
Tel: 01-203 1855.  01-203 3033
STORE: LESWIN ROAD, N.16
Tel: 01-249 2260

‘SERIES 7' — 514
One af the w

GRAMPIAN REPRDDUCERS LIMITED
Hanworth Trading Estate. Feltham, Middlesex,
Tetephone: (1 - B94 G141,

Private enquiries, snm/ 5p in stamps for brochure

THE QUARTZ CRYSTAL CO.LTD.

Q.C.C. WORKS, WELLINGTON CRESCENT,
NEW MALDEN, SURREY. 01-942-0334 & 2986

JEF ELECTRONICS

741C/8 pin £27-00 per 100
741C/14 pin £21-00 per 100
723C £39-00 per 100
IN4001 £3-00 per 100
1A 100V £3-00 per 100
| A 400V £3-50 per 100
1 N4007 £4.50 per 100
IN4148 £2-80 per 100
2N3005 £54-00 per 100
Ge DIODES £3:00 per 100

Prices Ex Stock at Copy Date
VAT must be added
Delivery 20p under £5

York House
York Drive, Grappenhall, Warrington, WA4 2EJ

EXPRESS

PRINTED CIRCUITS — ROLLER TINNING -
GOLDPLATING — FLEXIBLE FILMS, ETC.
Electronic & Mechanical
Sub-Assembly Co. Ltd
Highfield House, West Kingsdown
Nr. Sevenoaks, Kent
Tel: West Kingsdown 2344

J. LINSLEY-HOOD
New Phase Locked Loop F.M. TUNER
(As per Wireless World Annual).
Basic kit of parts

*£29.95 (tax £2.40)
Available in pack
form as follows:

Pack 1. Res. and capacitors £3.00 2. Semi conductors and |.C’s
£6.25 3. Tuner head £550 4. P.C. hoards and drawings £1.50
5. Chassis and tuning mechanism £5.00 6. Ceramic filters £1.50
7. Teak finish sleeve £3.00 8. Meter and muting module £2.50
9. Regulated power supply £5.00 10. Stereo decoder. Ready made
£7.50 11. Push button and trimmer pack £2.50 (*Excludes packs
No.8, 10and 11.) Tax extra.

TELERADIO ELECTRONICS
325 Fore Street, Edmonton, London N9 OPE. 01-807 3719.
Closed Thursdays.
SAE. for further details of above and other Linsley-Hood superior
low distortion designs.

BROADFIELDS & MAYCO
DISPOSALS

21 Lodge Lane, N. Finchley,
London, N12 8JG.
Telephone :

01-445 0749 01-445 2713 01-958 7624

| MAY WE ASSIST YOU TO DIS-

POSE OF YOUR SURPLUS AND
REDUNDANT STOCKS.

We will call anywhere in the British
Isles, and pay SPOT CASH for Elec-
tronic Components and Equipment.
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PRICE £27 pap 75p

V.A.T. at 8%

CHILTMEAD| 7D

7-9 ARTHUR ROAD, READING, BERKS. (rear Tech. College). Tel. Reading 582605

LOW FREQUENCY 100MHz SCOPE

ANALYSER

bOHz—b0OKHz
ASSEMBLY AND INSTRUCTION
INFORMATION S.A.E.

Board, modules and all
comronents {excluding
B ATRE

MULLARD D13-450GH-03. P31 PHOSPHOR.
INTERNAL GRATICULE—6CM X 10CM RECT-
ANGULAR. Y SENSITIVITY 3V PER CM X 11V
PER CM. SINGLE GUN. DISTRIBUTED Y PLATES,
TRACE ROTATE COILS.

BRAND NEW BOXED. £30 each.

TUBES

CARRIAGE f2.

INDEX TO ADVERTISERS
Appointments Vacant Advertisements appear or pages 77-91
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English Electric Valve Co. Ltd. . 13
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Gardners Transformers Ltd, . 15, 20
Grampian Reproducers Ltd. ......ccceeeiiieeniennnn 93
Hall Electronics Ltd, ....ciiviiieiiiiiiioiniioiiiaenannns 2
Harris Electronics (London) Ltd, 11, 21
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Hart Electronics (London) . 74
Henry’s Radio Ltd. . 59
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Hi-Fi Designs 28
Hi-Fi Year Book .... 18
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Magnat Sound Systems Ltd. .22
Maplin Electronic Supplies a 5
Marco Trading Co. ...... .93
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BARR & STROUD
ELECTRONIC FILTERS

The 3 aspects of ourservice

< i S
HE 03-0h 4+

TV (g o !
(e 3

m“www

‘B“

&

1. System EF3

A flexible system of filter instrumentation
using a modular approach to give plug-in
interchangeability. The mainframe carries
a power unit and accepts up to two filter
units of either Low Pass or High Pass
function. Integral switching allows indi-
vidual or cascade operation and can give
Band Pass, Band Stop, Band Separate or
Band Combine modes.

"ﬁ"w

2. Active Filter Modules

These are compact, solid state, encap-
sulated units providing basic filter func
tions to be customer set for cut-off
frequency and characteristic. The present
range contains Low Pass and High Pass
types with cut-off frequency coverage
from 1.0Hz to 30kHz in overlapping
ranges, with attenuation rates up to
24dB/octave/module. Universal modules
specifically for Band Pass and Band Stop
operation are part of the range:

BARR & STROUD LIMITED

London Office: 1 Pall Mall East, London SW1Y 5AU

Telephone: 01-930 1541 Telex: 261877

WW-—002 FOR FURTHER DETAILS
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3. Custom Build Service

If our standard filter range does not meet
your specification we welcome the
opportunity to study your requirement.
Broadly our capability stretches from d.c.
to 25MHz with experience in passive and
active designs. We can work to normal
commercial standards or strict defence
requirements and construction can be as
dictated by the environmental conditions
of your application.

BARR AND

Glasgow and London
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Whats newin Soldermg Chemicals?

Multicore’sR&D
Laboratories are still
making news -three
important new
chemicals for electronics
manufacturers.

MULTICORE PC 26
ROSIN FOAM FLUX

A completely new general purpose liquid
soldering flux particularly suitable for the
automated soldering of all types of printed
circuits. PC 26 provides a unique combination
of desirable properties.

® Complies with U.K. Ministry Flux Speci-
ficationD.T.D. 599A.

@ Eliminates “icicles” and “bridging”.

® 0.5% max. halide content and yet gives
better soldering than non-approved fluxes
with high halide contents.

@ Leaves negligible flux residues so p.c.
boards are dry after soldering, can be
handled and inspected easily and have
better sales appeal.

MULTICORE PC 81
SOLVENT CLEANER &
FLUX REMOVER

Aunigue blend of polar and non-polar solvents
formulated for degreasing electronic hardware
prior to soldering as well as for removing rosin
flux residues including ionizable activators
after soldering. Itsintermediate boilingrange of
7110 80°C and selective solvency make itideal
for vapour degreasing.

The boiling range of PC. 81 is higher than
fluorinated solvents (approx 46°C) and lower
than either trichloroethylene (87°C) or per-
chloroethylene (121°C). Also its solvency prop-
ertiesforrosin fluxremoval are superiortofluori-
nated solvents without in any way affecting most
electronic hardware. Asaresult, PC. 81 solvent
will performits vapour cleaning functionlonger
and more effectively than fiuorinated solvents
whose vapour condensation ceases at 46°C
witha consequent end to flux removal.

Solvent evaporation rate is substantially
lower than that of the fluorinated solvents, ,
making it more economical to usein open tanks
and vapour degreasers.

Multicore PC. 81 isa highlystabilized solvent
bltend, extremely resistant to thermal or chemi-
cal breakdown during prolonged heating or as
a result of the introduction of activators from
the solution of rosin during its working life.
Its relatively narrow boiling range and
high stability make it readily useable
again without property changes after
distillation.

PC. 81 can also be used for cold
cleaning and to reinforce ultrasonic
cleaning. Even though its toxicity
is relatively low, well ventilated
areasare required.

PC. 81 is expected to be partic-
utarly welcome as it is non-flam-
mable and non-combustible under
the new British “Highly Inflammable
Liquid” Regulations.

Supplied in one gallon metal
cansand45gallon steel drums.

Specific Gravity (20°C) — 1.256

Boiling Range ——— ——- 71-80°C
Toxicity (TLV) ——————— 340 ppm
Residue on Evaporation- less than 10 ppm \\
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MULTICORE PC 54
CONFORMAL
COATING

Fully eets the requirements of the new U.K.

“ w Defence Standard 59-47/issue 2 and U.S.

Spec. MIL-1-46058C, which are becoming
mandatory for the protection of many
electronics assemblies against
adverse environment, contamin-
ation and attack bychemicals.

PC. 54 isatwo-partepoxy resin
system which is conveniently
mixed in equal parts by volume. It
may be applied by dip, spray or
brushtoeitheroneorbothsidesof
p.c. boardsand components where
it forms a thin tough coating after
curing. PC. 54 will dry in 1 hour
under normal ambient conditions
anddevelopitsfull propertiesafter
several days at room temperature
oritmaybecuredin2to4 hoursat
65°C. A glass fibre brush can be
usedtoremovethecoatinglocally
to enable reworkand repair.
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Other Multicore Soldering Chemicals
include a complete range of liquid fluxes and
the following special chemicals.

PC 2 Multicore Tarnish Remover
Cleans tarnish from metal surfaces prior to
soldering.

PC10A Activated Surface Preservative
Applied after pre-cleaning, preserves solder-
abilityand need notbe removed.

PC10D
A special version of PC 10A for application by
roller coating machines.

PC 90 Peeloff Solder Resist and
PC91 Thinners
A temporary solder resist for edge-connector
contact areas etc. Replaces masking tape.
PC41and PC43
Solder Bath dross inhibitors.
PC 52 Protective Coating
One-part conformal coating. Can be soldered
through.
PC 70 Thinners
Compatible Solvent blend for use with all rosin
fluxes, PC 10Aand PC 52.

Please write for Technical Bulletins on your
Company’s letterhead for products which
interest you to:

MULTICORE SOLDERS LIMITED
Hemel Hempstead Herts. HP2 7EP
Tel: Hemel Hempstead 3636 Telex 82363
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