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It takes a quiet one
to know

) whats
going on.

Cag

And they don’t come any quieter than M.1L.’s use for mobile radio. That's how forward-looking
three low-noise signal generators - TF 2011, The Quiet Ones are!
2012, 2013 - for mobile radio wavebands. Simple to operate, suitable for a variety of
These are The Quiet Ones indeed — so quiet other tests in addition to adjacent-channel
that they’re the only comparably priced rejection measurement, these three M. 1.
instruments available capable of measuring the newcomers with their very low noise and
adjacent-channel selectivity requirements for frequency drift are a major advance in mobile
narrow-band f.m. specified by the various radio test technology. So get in step with The
national authorities. The noise level of TF 2011 Quiet Ones . . . and you’ll be way, way, ahead!
and 2012 (— 90 dB) is, in fact, considerably The full facts are yours for the asking from:
below the a}pproyed lower limit. MARCONI INSTRUMENTS LTD.,
TF 2011 is designed for the v.h.f. band, Iéon]gac5es, St. Albans, Herts. AL4 OJN,
TF 2012 for u.h.f. And TF 2013 is for the ngland.
800-960 MHz band just recently allocated for I‘i}i%‘l",&i,‘j,}; 3)}3’;‘,,';1533,?,3,;,5‘?‘6"‘ 23350.

WW—002? FOR FURTHER DETAILS
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LOW COST
TRANSISTOR TESTERS

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

I — Tests bipolar transistors, diodes
Rl Yo TE;YER ”’PE r:«r' ¥ and zener diodes. Measures
= I8 leakage down to 0.5 nA at 2V to
i e ’ 150V. Current gains are checked
Voo, from 1pA to T00mA. Breakdown

; P AN voltages up to 100V are measured
¢  « g G at 10pA, T00pA and 1TmA.

T W by Collector to emitter saturation
perth e (R P L g voltage is measured at TmA,
oo - N MY R 10mA, 30mA and 100mA for
o T oA o lle T |/ 1 ratios of 10, 20 and 30. The
s s 5 s Y, ! instrument is powered by a 9V
e . w0 one battery and a transistor D.C. to
LD ST — , D.C. converter to produce 150V.

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

lcgo & lggp:  10nA,100nA, TpA, 10pA and 100pA f.s.d. acc. IpR: As lggo transistorranges.
+2%f.s.d. + 1% at voltages of 2V, 5V, 10V,

20V, 30V, 40V, 50V, 60V, 80V, 100V, 120V, Vz: Breakdown ranges as BV gp for transistors.
and 150V acc. £3% +100mVupto 10uA VpE: 1Vfs.d acc. +20mVatlpe of TuA, 10A,
with fzll at 100pA <5%+ 250mV. 100pA, TmA, 10mA, 30mA and
Short circuit current limit TmA. 100mA acc. +1%.
BVcego - 10V or 100V f.s.d. acc - 2% f.s.d. +-1% at POWER SUPPLY
currents of 10pA, 100uA and TmA + 20%. One type PP9 battery, or A.C. mains when a
Open circuit voltage limit 150V. LEVELL Power Unit s fitted.
lg: 10nA, 100nA, 1pA ... 10mAfs.d. acc. +2% SIZE & WEIGHT
f.6.d. +1% atfixed Ig of 1uA, 10uA, 100uA, 7”x103"x5%".81bs
1mA, 10mA, 30mA, and100mA acc. +1%.
Veg=2V approx.
heg: 3inverse scales of 2000 to 100, 40C to 30 and
100to 10 convert Ig into hgg readings. . )
Acc.is + (24200 -%off.s.d.)%i.e. +4%at NOTE: All prices subject to V.A.T.
f.s.d.
Vge: 1Vfs.d. acc. +20mV measured at conditions

on hgg test.

VeE(sat) - 1V f.s.d. acc. +20mV at collector currents of
1mA, 10mA, 30mA and 100mA with I¢/lg type TM12
selected at 10, 20 or 30 acc. +20%.

Send for literature covering our full range of portable instruments.
M -
LEVELL ELECTRONICS LTD. Tetl):xg?_%%egogug/hﬁgrgeegsHerts. EN5 6SD

WW—004 FOR FURTHER DETAILS
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Vortexion
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50/70 WATT ALL SILICON AMPLIFIER
WITH BUILT-IN 5-WAY MIXER USING F.E.T.s.

This is a high fidelity amplifier with bass cut controls on
each of the three low impedance balanced line microphone
stages and a high impedance (1.5 meg.) gram stage with bass
and treble controls, plus the usual line or tape input. All the
input stages are protected against overload by back to back
low self capacity diodes and all use F.E.Ts for low noise,
low intermodulation distortion and freedom from radio
breakthrough.

A voltage stabilised supply is used for the pre-amplifiers

- BASS o

$ WaT=SOSTOW.
VORTERION
D i -

making it independent of mains supply fluctuations and
another stabilised supply for the driver stages is arranged
to cut off when the output is overloaded or over temperature.
The output is 75% efficient and 100V balanced line or 8-16
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 .3V out on 600 ohms upwards.

50/70 WATT ALL SILICON AMPLIFIER WITH

BUILT-IN4-WAY MIXER

(0.3% intermodulation distortion) using the circuit of our 100% reliable 100
Watt Amplifier with its elaborate protection against short and overload,
etc. To this is allied our latest development of F.E.T. Mixer Amplifier, again
fully protected against overload and completely free from radio break-
through. The mixer is arranged for 2-30/60£2 balanced line‘microphones,
1-HiZ gram ipput and l-auxiliary input followed by bass and treble
controls. 100 volt balanced line output or 5/15¢ and100 volt line.

100 WATT ALL SILICON AMPLIFIER

A high quality amplifier with 8 ohms-15 ohms or 100 volt line output for
A.C. Mains. Protection is given for short and open circuit output over
driving and over temperature. Input 0.4 V on 100K ohms.

THE 100 WATT MIXER AMPLIFIER

With specification as above s here combined with a 4 channel F.E.T.
Mixer, 2-30/60f2 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 voitage supply feeds the tone
controls and pre amps, compensating for a mains voltage drop of over
25% and the output transistor biasing compensates for a wide range of
voltage and temperature. Also available in rack panel form.

CP50 AMPLIFIER

An all silcon transistor 50 watt amplifier for mains and 12 volt battery
operation, charging its own battery and automatically going to battery if
mains fail. Protected inputs. and overload and short circuit protected
outputs for 8 ohms-15 ohms and 100 volt line. Bass and trebie controls
fitted. Models available with ! gram and 2 low mic. inputs, 1 gram and 3
low mic. inputs or 4 low mic. inputs.

20/30 WATT MIXER AMPLIFIER

High fidelity all silicon model with F.E.T. input stages to reduce
intermodulation distortion to a fraction of normal transistor input circuits.
The response is level 20 to 20,000 cps within 2dB and over 30 times
damping factor. At 20 watts output there is less than 0.2% intermodulation
even over the microphone stage at full gain with the treble and bass controls
set level. Standard model 1-low mic. balanced onput and HiZ gram. Out-
puts available 8/15 ohms OR 100 volt line.

200 WATT AMPLIFIER

Can deliver its full audio power at any frequency in the range of 30 ¢/s—
20 Kc/s + 1 dB. Less than 0.2% distortion at 1 Kc/s. Can be used to drive
mechanical devices for which power is over 120 watt on continuous sine
wave. Input 1 mW 600 ohms. Output 100-120 V or 200-240 V. Additional
matching transformers for other impedances are available.

F.E.T. MIXERS and PPMs

Various types of mixers available. 3, 4, 6 and 8 channel with Peak
Programme Meter. 4, 6, 8 and 10 Way Mixers. Twin 3, 4, and 5 channel
Stereo, also twin 4 and 5 channel Stereo with 2 PPMs.

VORTEXION LIMITED,

Telephone: 01-542 2814 and 01-542 6242/3/4

257-263 The Broadway, Wimbledon, S.W.19 1SF

Telegrams: “Vortexion, London S.W.19"

WW—005 FOR FURTHER DETAILS
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in case you are not familiar

with Japanese:

Our distributors in Japan are telling their
their customers about the importance

of the low leakage of our Model X.25
soldering irons.

Model X.25-25 watt sellsat £1.75+ P & P 8p VAT18p
Model G —18 watt £1.95+ P & P 5p V.A.T. 20p
Model CCN —15 watt miniature iron £1.95 + P & P 5pVAT 20p

Ask your usual wholesaler or retailer for Antex irons or
if you have any difficulty, send the coupon to us direct.

\

From radio or electrical dealers.
; car accessory shops or in case of
difficulty direct from:
ANTEX LTD. FREEPOST
{ PLYMOUTH PL1 1BR
(no stamp required) Tel 0762 67377.

Please send the following: ........................ ET:|;a§:I:z?dc:::logue

| enclose cheque/P.0./Cash (Giro No. 258 1000) .........coooviiiii i

ADDRESS e e e p e 8 ok 50 g 1 eie s - B e e -
/ Reg. No. 393594
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(Gardners

MINIMOD
REGULATED POWER SUPPLY
MODEL PU 04
{ 210 -250v 50 -400 Hz
[ 15-0-15v 200 mA
MANUFACTURED BY
I GARDNERS TRANSFCRMERS Ltd. Christchurch Engtand

Made in Britain by Gardners...

First of a new range of all-British miniature Minimod provides a choice of a standard
encapsulated power supplies, the Minimod series 5 volt output (available up to 1 Amp) for digital
is designed and manufactured by Gardners to circuits or 12-0-12 or 15-0-15 volts for
provide reliable, regulated power supplies in a linear circuits, using a 230 volt input.
neat pack designed to plug into your P.C. board. Each unit is fully stabilised with fold back
Minimod simplifies development or production of current limiting, and in the case of 5 volt units,
equipment by providing power where you need it. over voltage crowbar is provided . . .

Ask Gardners to tell you more about Minimod.
Standard or special models can be supplied.

Gardrners

Specialists in Electronic Transformers and Power Supplies

GARDNERS

TRANSFORMERS LIMITED

Gardners Transformers Limited, Christchurch, Hampshire BH23 3PN
Telephone 02-015 2284 Telex 41276 Gardners XCH

WW—007 FOR FURTHER DETAILS
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Wayne Kerr introduce
ital ALE.

kA
I

low cost Dig

Easy to set up and operate, the Swift Digital [ Post to Wayne Ke
A.T.E. checks digital printed boards containing 0s e i .
T.T.L. circuits or T.T.L. compatible functions. : ng?jsn. F&Voaay%,feegngggﬁgf,Tseulz)s(eé<6P1()22029RL
The Swift applies a rapid series of stimuli ' L L
to the masterboard and, simultaneously, to the | Please send me details of the Swift Digital A.T.E.
board under test. | ‘
Lights indicate any non-parity between the | For theattention of Mr__
outputs of the reference circuit and the circuit | Companyname s
I
I
I
I

under test. These relate to the appropriate Address
outputs. So testing is thorough and time saving. S
An error light indicates incorrectly inserted
boards.

For more information phone
Bognor {(02433) 4501, or fill in the coupon. L

WW-—008 FOR FURTHER DETAILS
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TRANNIE
ELECTRONICS

DOCKYARD, STATION ROAD,
OLD HARLOW, ESSEX Phone Harlow 37739

P/P 10p. Price list S.A.E. (Saturday callers welcome)
ALL PRICES INCLUDE VAT

£19.%0

ELECTRONIC
DIGITAL CLOCK

(For complete kit of parts including case.)

This 4 digit 24 hour clock is
available to readers at this
special price. Parts would
normally cost over £25. Kit of
parts includes twelve [C’s,
indicators, a smart white plastic
case and P.C.B.

74 Series TTL

Electrolytic

BARGAIN

s Vs oo s | Capacitors PACKS
SN7400 16p 15p | SN7423 55p 50p 7 P P -05p 5-85p
16p I5p | SN7425 55p 50p | SN7451 16p 15p | SN7490 T4p T2p
SNJ402 166 135 |SN7427 4% 46p |SN74S3  lép 15p|SN7491 110p 1-04p| 4 VOLT 06 A=A v ClLy
SN7403 16p 15p | SN7428 77p 72p | SN7454 16p 15p | SN7492 T4p T2p | 47uF é4p | 1SuF &4p | 47uF 64p | Unmarked
SN7404 16p 15p | SN7430 16p 15p | SN7460 l6p 15p | SN7493 T4p T2p | 100uF 6ip | 33uF 6ip | 100uF 9 Packs
SN7405 16p 15p | SN7432 49p 46p | SN7470 33p 29p | SN7494 85p 72p | 2204F 6ip | 150uF 63p | 68uF 10p Pack of 25
SN7406 38p 35p | SN7433 94p 82p | SN7472 33p 29p [ SN7495 85p 72p | 330uF &4p | ISOUF 8p | 220uF Ip IN4148
SN7407 38p 35p | SN7437 72p 69p | SN7473 4lp 39p [ SN7496 95p  92p | 10OOUF 13p | 220uF 9p | 470uF 19p 55p
SN7408  20p 18p |SN7438  72p 69p |SN7474  4lp 38p | SN74100 1-80p 1-75p | 47004F 29p | 680LF 17p | 680LF 25p
SN7409 20p 18p | SN7440 lép I15p | SN7475 50p 47p | SN74104 1-09p 1-0ép 1000uF 17p | 1000uF 25p
SN7410 17p  15p | SN744| T4p T0p | SN7476 44p 43p [ SN74105 1-09p 1-0ép |S00uF 25p | 2200pF 44p Pack of 10
SN7411 27p 25p | SN7442 T74p 70p | SN7480 73p 70p | SN74107 44p 42p 2000uF 43p BCI08 65p
SN7412  38p 35p |SN7443 1-43p 1-37p | SN7481 1°32p 1:26p | SN74110  élp 59| . o BCI07 &5p
SM7413 32p 29p | SN7444 1-43p 1-37p | SN7482 97p 95p | SN74111 1-37p 1:27p (Plastic ean)
SN7416  47p 43p | SN7445 2-00p 1-92p | SN7403 1:20p I-15p | SN741i8 1-10p 1-05p | 33uF sip
SN7417  47p. 43p | SN7446  1-07p 1-02p | SN7484 1-10p 1-05p | SN74119 1-47p 1-37p | 68uF 6ip
SN7420  16p 15p | SN7447 1-10p 1-03p | SN7485 3:-96p 3-85p | SN7412]  44p 4lp | I50uF 6ip | 25 vOLT Pack of 10
SN7422 55p 50p | SN7448 1-10p 1-03p | SN7486 36p 35p | SN74122 |-54p 1-43p | 470uF Ilp I0uF &ip Plastic BC109
* Devices may be mixed to qualify for Price Breaks ?ggsFF :gP 224F sip é5p
* 100 Plus less 10% off 25 plus break 2200:F I8= 47,F éip
3300uF 26p | |00uF 8p Pack of 10
Linear Integrated Circuits g PlISor  ap| e3voLT | gelakellO
301 DIL 50p | 723¢ 99p 2204F 19p [ 1 6ip (unmarked
b |723 TO99 95p 470uF 13p { 2.2,F ép but teste
301 TO99 55p c 680uF 20p | 4.7,F e
301 8PINDIL 46p | 741c 8PIN DIL 38p 10 VOLT | '1000uF 22 i B
30lA DIL 69p | 741c 14 PIN DIL 39p ZZOOuF ”P 6-8pF éip
301A TO99 69p | 741c TO99 41p 22uF 64p SOOOuF “P 1OuF bip 2N2646
301A 8 PIN DIL 46p | 747c DIL 46p 47uF éip M P | 22uF ép (unmarked)
307 DIL 69p | 748c DIL 39p 100uF 6p 68, F 10p 33p each
L
ggg _tls_ g;r;l DIL ":gv 1437 DIL 1-27p 700F fop| 40 VOLT |2 19p Pack of 10
308A TO99 6.40p | 1458 TO99 127p 1000yF ilp | 6-8uF 64p | 3304F 22p | 2N2926G  65p
709¢ DIL 35p | 3046 DIL 84p 1500uF 20p | I15uF 64p | 470uF 26p unbranded but
709¢ TO99 31p | 7503 DIL 127p 22004F 24p | 334F 6ip | 1000yF 44p tested
'S =
Transistors MULLARD POLYESTER'S Unmarked but
HULLARD FOLYASTEN CAPACITORS CHO SEMIES | oy, 4y, | WinEotes
29p | OC44 |4p | Diodes & 250V P.C. mounting: {uF, n M P N M uF, 4p. 2N3055
A 1 laCi 330 |8r2s 185 | Ocas 14p | Rectifiers | O'1uF, 45p. O-154F, OTE, Sip. O3, Tp. O47uF. Wip. 0-684F, 12p. 1-04F, | .9 p
ACI27 13p|BCi43 33p | BF330 ;gp oc7o 23p mg:z :p 14p. |-54F, 22p. 2:2F, 2 10 plus 27p
ACI28 13p|BCi44 30p [BF390 37p | ocs j4p P
IN4I48 8 MULLARD POLYESTER CAPACITORS C296 SERIE
ﬁgmﬁg: 38'13 13: SF§§§ §§: OC72 14p | |44  10p | 400V: 0-O0IWF, 0-0015F, 0-0022uF, 0-0033uF, 0-0047uF, up.ooosaur 0-0IuF | puLLY
ACI76 15p | BCI48 9p | BFX86 22p | OC8! 14p | IN4007 22p 0-015uF, 0:022uF, 0-033uF, 34p. 0047uF 0-068uF, O-1uF, 44p. O:I5uF, 64p. MARKED
ACI87 13p|BCI49 9p [ BFX87 28p|OCs3 22p | IS113 17p | O-22uF, 84p. 0-33)F, 12p. O-474F, 14 o o TYPES
ACI87K 20p | BC153 l6p | BFX88 26p | OCs4 128p | IS120 17p | 160V: 0-OluF, 0-015uF, 0-22uF, 0033uF 0-047F, 0-068uF, 3p. IuFI 1P, | 016l ADIG2
ACI88 13p |BCI54 17p | BFY50 2Ip | TiIP29A 53p | ISI21 15p | O-ISuF, 44p. 0-22uF, 54p. 0-33uF, 64p. 0-47uF, 8ip. 0-68uF, 12p. I-OuF, 4ip. M/P
ACI88K 20p | BCI57 13p | BFYS| 17p [ TIP30A é&4p | IS130  9p " o
ACYI7 24p |BCI58 I12p |BFY52 17p|TiP3IA 64p |IS13] 1lp | YOLUME CONTROLS 10plus €0p
ACYi8 21p |BCIS9 14p | BFY64 39p | TIP32A 73p | 15132 13p | Potentiometers RECTIFIERS
ACY19 25p |BCI67 13p [ BFY90 72p | TIP33 £1-95 :g;gg gp f;;'frnci;:cakrmm to 22MQ PLY. 1AMP 1-5 AMP
22p |BCl68 Ilp | BSX20 19p | TIP34A P < ]
ﬁgi? p chg HE [ e c154| 13923 135 | Single 13p. Dual gang (scereo) 44p 50 IN400| 4ip PL400! 8p BC107-8C108
P P P 100 IN4002 4ip PL4002 9p 8C109
ACY22 18p |BCI77 I5p|C426 33p [ TIPISA 15940 6p | Single type with D.P. switch 13p | 00 44003 sip PL4003 10p 19 10p
ACY39 68p |BCI79 15p | C428 3lp £2 AALI9 1lp | extra 400 IN4004 6ip PL4004 10p 10-99 9p
ADI4 440 | BEISL 35| Sirell 35m | T Ay 1y [AAI29 IlP | SLIDE POTENTIOMETERS 550 IN4o06 5 pLiooe Isp | (Pt e
ADI43 3% |BCIS4L 9p | MPOIi2 42p | TiPatA 79p (ARZ12 |1P | SO TRACK e | 06 or LN Ikco | 1000 IN4CO7 I0p  PL40O7 20p
AD149 38p [BCI86 33p | MP8Ii3 35p | TIP42A 9lp P | TN 45p each. BC 182L: 3-4-
ADIS0 60p | BC212L I1p | MP8I21 33p [ 2N706 13p [AAZIT Mp | 00 OF-S80R 0 | 56 or LIN Ik to 212-4
ADI6l 35p [BC2I3L Ilp | MP8I22 44p | 2N930 23p | BAIOO 16p | gon ™ ent =" |9 e
ADI62 35p | BC2I4L 11p [ MP8I23 50p | 2Ni131 22p | BAIO2 25p E E 10 plus 10p
ADI M/p fSP BC258  9p :ﬂ%:{g" %Nm; ;gp BAII5 8p | CARBON SKELETON PRESETS | BRIDGE RECTIFIERS
AFl14 l4p [ BC259  9p P | 2N16l P | BAl44 14 Small high quality type {linear only). KA SAMP I0AMP | —
AF(I5 14p [BC267 14p | NKT21425p [ 2NI1711 26p | g'a)4s n" All valves 100-5 z.eipohms. : A G Pl il . . AC127 or ACI28
AFI16 14p | BC268 15p | NKT217 55p [ 2N2904 40p M kg 5ip each 50 33p 53p  £176p £220p 1-9 13
AFII7 14p | BC300 40p | NKT261 23p [ IN2904A | BAIS4 l4p | 5\ WA°C, tip cach 100 3p 57p —  — 10 plus 12
AFll8 92p | BC30I 32p | NKT27120p 44p | BAXI3 14p 200 37p 60p  £1-98p £231p T
AFI24 27p | BC302 30p | NKT27420p | 2N2905 46p | BAXI6 14p | VEROBOARD 0-15 0l 400 40p 64p E“;p g:gp
AFI139 39p [ BC303 50p [ NKT27525p | 2N2924 18p | BAYIS 19p | Matrix Matrix 600 44p 66p -42p P
AF239  41p | BC304 40p | NKT40371p | 2N2926 10p | gay3y 9p | 24in. X 3iin I9p  26p 800 499 — = = ZENER
ALI0O 77p | BCY70 17p | NKT40583p [ 2N3053 26p | oy 100 19 2in. x Sin. 28p  28p DIODES
ALIO2 66p | BCY7! 37p | NKY603F | 2N3054 55p P | 3iin. x 3%in 28p  128p WSO 5%
ALIO3 55p | BCY72 17p 66p | 2N3055 52p [ BYI126 16p | 33in. x Sin 3p 32 AU
ASY26 31p |BCI23 66p | NKT613G | 2N3405 44p | BY127 19p S 17in (plain) 94p  — T ISTORS L
ASY27 40p [ BDI23 66p 33p | 2N3663 57p | BYKIO 24p | Vero Pins (bag of 36), np ' B
AUI03 99p [ BDI30 50p | NKT67426p | 2N3702 9p | OAS 19p Vero cutter, 50p; Pin insertion Tools P.LV. 50 100 200 300 400 3.3.33 Volt
AUIIO BDI3| 68p | NKT677G  |2N3703 9p [ OA9  11p | (01 and 0-15 matrix) at élp. I'Amp 28p 25p 4lp 44p 53p o e
£1-10 [ BDI32 ﬁp NKng;p 2N3704 ;p OAI0 24p | SLIDE SWiTCH 3 Amps 44p 50p 60p — 66p
acies Tab|BBI% sk | NKD7aate|INITee OMT  9p | SPST I1p each. D.P.DT. I3p each. 7 Amps —  96p £1:01 — £1:24 ‘ ”
BCI08 9p | BDI4I c|a7 OCI9 36p |2N3707 9p | OA7 P . watt 5%,
BCI09 9p | BDI42 50p | OC20 85p | IN3708 9p |OA73 lip 2"}:,'\}L‘:Tgsﬁ_z‘si°5“p|:f‘:;:fuh. Al voltages
BCII3 154p | BFI59 33p | OC23 40p [2N3709 9p |OA79  8p » ?-48-200holts
BCll16 16p |BFI73 29p | OC25 38p |2N3710 9P | OAsI 9% MINITRON DIGITAL RESISTORS p eac
BCI25 16p |BFI77 28p | ocog  49p | 2N3711 9P | 5ags )jp | INDICATOR TYPE 3015F 1 wate 5% carbon Ip each
BCI26 25p |BFI78 29p | 5cy9 49p | 2N3794 17| S0 g Reads 0-9 and decimals 4 watt 10%, carbon Ip each
B8CI32 lép | BFI79 35p P | 2N3819 28p P | (Data Sheet on request) | watt 10%, carbon 24p each 10 wate 5%
BCI34 |6p |BFi94 15p | OC35 45p | 403¢; 50p [OA91  8p | ONLY €I Range 10 ohms to 47 meg. All Voltages
BCI35 16p | BFI9S 17p | OC36 50p 40362 50p | OA95  8p | |6 DIL Socket 33p } wate m/o 2%, 3p each 7-5-100 Volts
BCI137 16p | BF244 27p | OC4l l4p | 40636 50p | OA200 llp Driven by 7447 £1-05 Range 10— meg ochms 5lp each
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EHPL-

it takes over where
BF leaves o

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

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

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

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

in production and service, right now.

&

Redifon Telecommunications Limited,
R E DI F 0 N * Radio Communications Division,
TELECOMMUNICATIONS LTD Broombhill Road, London SW18 4JQ

Tel: 01 874 7281

1970

TO REDIFON LIMITED
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 Collect Wireless World Circards.
And build a valuable dossier on
CI rCUIt deSIQn. launched by Wireless World, to provide professional
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Subjects already covered by Circard.

1. Basic Active Filters. 2. Switching circuits:
Comparators and Schmitts.

3. Waveform Generators. 4. AC Measurements.
5. Audio Circuits : preamplifiers, mixers, filters
and tone controls.

Subjects to be published during the year.

6. Power Amplifiers. 7. Constant Current circuits.

8. Opto-electronics. 9. Basic Logic Gate circuits.
10. Astables. 11. Micropower circuits.

12. Wideband Amplifiers. 13. Alarm circuits.

14. Pulse Modulators. 15. Digital counters.

e ML

"\

Circards is a new and comprehensive system,

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 5" 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.

Each set of circards costs £1 (£1.15 overseas).
A subscription to Nos. 6-15 costs £9 (£10.50
overseas) — sets published monthly.

Start your personal dossier on circuit design
by completing and returning the coupon below.

e G SN SR EM SR S Sy SN DAL GRS SN SN TVS SNP I B B S B Gee SER Sy

To: J. Rider, Wireless World, IPC Business Press
Limited, Sundry Sales Dept, 33 Bowling Green Lane,
London, ECIR oNE.

Please send me set no(s) @

’
|

|

|

|

|

| £1(£1.150/s)each [ ]*

| I wish to subscribe to set Nos. 6-15 @
I £9(Lro.500/s)[]*

| I enclose cheque/money order for £

| *Tick as required
|

|

|

i

i

i

i

i

|

1

Name

Address

Company registered in England. Registered address,
Dorset House, Stamford Street, SE1 9L U England
Registered Number 677128

\—-————_----m--—

o mm PN S S TEN SED N som SEN SEN w SEEY GUEN G N AEW GON EGN SN WSS Emm S
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This bridge was designed foruse in
Standards Laboratories, but ease of
operation combined withanin-line
readout giving up to 6 figure
discrmination has enabled many other

SIX flgures |n SIX SeCondS applications to be covered.

The B331 measures directly a wide range
of capacitance and conductance values to
0-01% accuracy. The three terminal
facility enables small values of
capacitance and high values of

resistance to be measured at the end of
long cables

Automatic compensation for the series
impedance of the measurement leads is
given by an advanced design of Kelvin

A preC|S|0n bndge clip, and a low impedance range directly

calibrated in resistance and inductance

' ermits four terminal measurements to
that balances itself palio] | v
the Wa ne Kerr Up to four significant figures can be set on
y each measurement term with
B 3 31 push buttons.
The bridge automatically balances itself,

the meters indicating the remainder of the
measurement value on linear scales. As
each pair of decades is introduced with
these buttons, the meter sensitivity is
increased by a factorof 10 giving an
indication of the next figures required in
the digital setting sequence. Analog
output of both terms permit recording of
changing values

Prectsion standards are incorporated in
the B331. A nitrogen filled capacitor with
atemperature coefficient of less than
5p.p.m. forms the reactive standard and
loose wire wound resistors with
temperature coefficients of 5 p.p.m. are

; fi _ connected to each set of conductance

S bk 3 A 5 s 7 ! decades.

@i 2sacssr83m B

SPECIFICATION

Range (for0-01% accuracy) 1pF to 10ufF
For more information, either call Bognor A 1007 to 100m7s
(02433) 4501 or write to the address below: derived reciprocal values  1mH to 10kH
108, to 100M QY
Low Impedance Range 100u8l to 108},
WAYNE KERR
derived reciprocal values 10uFto1F
Durban Road, Bognor Regis, Sussex PO22 9RL Frequency (internal) 1591.55 Hz | 05 Hz
] (1000 00 Hz to spectal order)
A memberof the Wilmot Breeden group. (external) 200Hz to 20kHz.
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Sinclair Proect 6
Now-the Z.50 Mk.2

with built-in automatic
transient overload protection

When originally introduced, the Sinclair Z.50 proved how it was possible to
design and produce a popularly priced modular power amplifier having
characteristics to challenge the world’s costliest amplifiers. Many thousands of
Z.50’s are now giving excellent service day in, day out. But we have also learned
that constructors do not always use their Z.50’s ideally. That is why we have
introduced modifications whereby risk of damage through mis-use is greatly
reduced and performance further enhanced. The Z.50 Mk.2 has improved
thermal stability, more accurately regulated D.C. limiting to ensure more
symetrical output voltage swing and clipping and still less distortion at lower
power. Z.60 Mk.2 is compatible with all other Project 60 modules, and may be
incorporated to advantage in existing systems. Eleven silicon epitaxial plarar
transistors are now used, two more than in the original Z.50: circuitry has been
re-designed, making this versatile high performance amplifier better than ever.

Brilliant new . with free
_Z. 30 the power technical specifications manual
amplifier for quality and Input impedance 100 K £5.48
economy Input (for 30w into 8Q) 400mV
; Signal to noise ratio, referred to futl o/p at o
30v HT 80dB or better CTTT T 1T
Distortion 0.02% up to 20W at 8Q. See curve o"él-r;+-1:i-§ E EEF— e
) Frequency response 10Hz to more than Y s ’
with 200 KHz+1dB § o —{— i T
Zienua/ Max. supply voltage 45v (40 to 8O speakers) o m—1-+—~fm; L 4
(50v 15Q speakers only) z »l
£4.48 Min. supply voltage 9v voos =T ——
Load impedance — minimum : 4 at 45y HT ::——T R =
Load impedance — maximum : safe on open 01 02 &4 071 2 34 68W 200 58W0
. . WATTS INTC 80 AT 45v MT
circuit AND AT KMz

The Z.30 provides excelient facilities for
the constructor requiring a high fidelity
audio system of less power than that
available from Z.50's. Using a power
supply of 35 volits, Z.30 will deliver 15
watts RMS into 8 ohms, or 20 watts RMS

Typical Project 60 applications

into 3 ohms using 30 volts. Total harmonic System The Unitstouse together with Units cost
distortion is a fantastically low 0.02% at 15 -
watts into 8 ohms with signal to noise Simple battery Z.30 Crystal P.U., 12V battery £4.48
ratio better than 70 dB unweighted. Input record player volume control, etc.
sensitivity 260mV into 100K ohms. Size : -
80 x 57 x 13 mm (3} x 2% x 3) Z.30, Z.50 N|I:|r;§ powered record Z2.30,PZ2.5 \(/err/stal c():roci:atrarl'ng P.U. £9.45
and Z.50 MK.2 modules are compatible play S eI el G
and interchangeable 12W. RMS continuous 2x2.30s, Stereo  Crystal, ceramic or mag, £23.90
sine wave stereo amp. for 60:P2.5 P.U.,F.M. Tuner, etc.
average needs
Guarantee 25W. RMS continuous 2xZ.30s, Stereo  High quality ceramicor  £26.90
If, within 3 months of purchasing any product direct from Sin_e wave stereo amp. 60:PZ.6 magnetic P.U., F.M.
Sinclair Rlaldli’onics "'d'(’, you are dissatisfied with it, your using low efficiency (high Tuner. Tape Deck. etc.
money wi e refunded at once. Many Sinclair appointed
Stockists also offer this same guarantee in co-operation with performance) sDeakers
Sinclair Radionics Ltd.
Each Project ('50 module is tested before leaving our factory BO\N; (3 Ohm.s) RMS 2x2.50s, St?reo As above £34.88
and'is guaranteed to work perfectly. Should any defect arise continuous sine wave de 60; PZ.8, mains
in normal use, we will service it at once and without any luxe stereo amplifier. (60W. transformer
charge to you, if it is returned within two years from the date RMSinto 8 ohms)

of purchase. Outside this period of guarantee a small charge
(typically £1.00) will be made. No charge is made for g
postage by surface mail. Air Mail is charged at tost. Indoor P.A.

Z.50, PZ.8, mains Mic., guitar, speakers, £19.,43
transformer etc.. controls

Eiﬁ:lEir F.M. Stereo Tuner (£25) & A.F.U. (£56.98) may be added as required.
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all

the world’s most advanced high fidelity modules

Stereo 60 Pre-amp/control unit

Designed specifically for use on Project 60 systems. the Stereo 60 is equally suitable for use with any
high quality power amplifier. Since silicon epitaxial planar transistors are used throughout. a really
high signal-to-noise ratio and excellent tracking between channels is achieved. Input selection is by
mean's of press buttons, with accurate equalisation on all input channels. The Sterec 60 is particularly
easy to mount.

SPECIFICATIONS—Input sensitivities: Radio — up to 3mV. Mag. p.u. 3mV: correct to R.I.AA. curve
4+1dB:20 to 25.000 Hz. Ceramic p.u. — up to 3mV: Aux — up to 3mV. Output: 250mV. Signal to noise ratio:
better than 70dB. Channe! matching: within 1dB. Tone controls: TREBLE+12 to —12dB at T0KHz: BASS
+12to—12dB at100Hz. Front panel : brushed aluminium with black knobs and controls. Size: 66 x 40 x 207mm.

£9.98

Built, tested and guaranteed.

Project 60 Stereo F.M. Tuner

5 e

The phase lock loop principle was used for receiving signals from space craft because of its vastly
improved signal to noise ratio. Now, Sinclair have applied the principle to an F.M. tuner with fan-
tastically good results. Other advanced features include varicap diode tuning, printed circuit coils, an
1.C. in the specially designed stero decoder and switchable squelch circuit for silent tuning between
stations. in terms of a high fidelity this tuner has a lower level of distortion than any other tuner we
know. Stereo broadcasts are received automatically, a panel indicator lighting up as the stereo signal
is tuned in. This tuner can also be used to advantage with most other high fidelity systems.
SPECIFICATIONS—Number of transistors: 16 plus 20 in {.C. Tuning range: 87.5 to 108MHz. Sensitivity:
7uV for lock-in over full deviation. Squelch level: Typically 20iV. Signal to noise ratio: >65dB. Audio
frequency response: 10Hz — 15KHz (4+1dB). Total harmonic distortion: 0.156% for 30% modulation.
Stereo decoder operating level: 2|1V. Cross talk: 40dB. Output voltage: 2 x 150mV R.M.S. maximum
Operating voltage: 25-30VDC. Indicators: Stereo on ; tuning. Size: 93 x40 x 207mm.

£25

Built and tested. Post free.

Integrated circuit

SuperlC.12

high fidelity amplifier

sistor circuit contained within a 16 lead DIL
package. and the finned heat sink is sufficient for
all requirements. The Super 1C.12 is compatible
with Project 60 modules which would be used
with the Z.50.and Z.30 amplifiers. Complete with
free manual and printed circuit board.

SPECIFICATIONS

Output power: 6 watts RMS continuous (12
watts peak). 6—8Q2. Frequency Response: 5Hz
t0 1Q0KHz+1dB. Total Harmonic Distortion:
Less than 1%. (Typical 0-1%) at all output
powers and frequencies in the audio band (28V).
Load Impedance: 3 to 15 ohms. Input Im-
pedance: 250 Kohms nominal. Power Gain:
90dB (1.000.000.000 times) after feedback.

Having introduced Integrated Circuits to hi-fi
constructors with the 1C.10, the first time an IC

Power Supply Units
The new £
PZ.8 Mk.3

The most reliable power supply unit ever made
available to constructors. Brilliant circuitry makes
failure from over load and even direct shorting of
the output impossible. This is due to an ingenious
re-entrant current limiting principle which, as far
as we know has never before been available in
any comparable unit outside the most expensive
laboratory equipment. Ripple and residual noise
have been reduced to the point of almost total
elimination. This is, of course, the perfect unit for
Project 60 assemblies, particularly where the new
Z.50 MK.2 amplifiers are used. Nominal working
voltage —45.

PZ.8 Mk.3—£7.98
(Mains transtormer, if required) £5.98
PZ.5 30v. unstabilised
(not suitable for Project 60 tuner) £4.98
PZ.6 35v. stabilised
(notsuitable for /C. 12) £7.98

Project 605

the easy way to
buy and build
Project 60

without SEss

soldering

Project 605 in one pack contains: one PZ.5, two
2.30's, one Stereo 60 and one Masterlink, which
has input sockets and output components
grouped on a single module and all necessary
leads cut to length and fitted with clips to plug
straight on to the modules thus eliminating all

soldering.
£29.95

Complete with comprehensive
manual, post free

All you need for a superb 30 watt
high fidelity stereo amplifier

had ever been made available for such purposes.
we have followed it with an even more efficient
version. the SuperiC.12, a most exciting advance
over our original unit. This needs very few ex-
ternal iesistors and capacitors to make an
astonishingly good high fidelity amplifier for use
with pick-up, F.M. radio or small P.A. set up. etc.
The free 40 page manual supplied, details many
other applications which this remarkable IC.
make possible. It is the equivalent of a 22 tran-

Supply Voltage: 6 to 28V. Quiescent cur-
rent: 8mA at 28V. Size: 22x45x28mm in-
ctuding pins and heat sink..

Manual available separately 15p post free,

With FREE printed circuit
board and 40 page manual.

£2. 98 Post free

WW—014 FOR FURTHER DETAILS

Order form
Please send

I'enclose cash/cheque/money order.

Name

Address

WW 8

SINCLAIR RADIONICS LTD., LONDON ROAD,
ST. IVES, HUNTINGDONSHIRE, PE17 4HJ
Business Reg. No. {England) 699483 Registered Office as above
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model

NAU

makes a

good match

easy at 25 to 525 MH:z

Frequency Range ..............

25-525 (1000) MHz

Max. forward and reverse power 35 W(Over 525 MHz 6 dB per

octave)
Indicating Range .............. 0,3/1/3/10/30 W
Smallest readable value ....... 20 mW
Indicating error ................ <4%°. rdg. +1% of F.s.d.
Variation with temp. ........... <0.25%/°C
Directivity ..............o.o... =30 dB (<30 MHz =26 dB)
VSV Rl ain s w8 EIGTINE SIE aéin brien e <1,03
Insertion floss ................. 0.1 dB (<525 MHz < 0,25 dB}

= L

Directional Power Meter NAUS

Antenna matching must often be measured when servicing radiotele-
phone equipment. and. since in many cases the access to built-in
radio sets and antennae is difficult. in situ battery-operated instruments
which can be easily connected are necessary. To meet this problem,
ROHDE & SCHWARZ have developed the DIRECTIONAL POWER
METER MODEL NAUS with a separate measuring head which can be
connected at any test point between the antenna and transmitter.
Whilst the actual measuring instrument is observed by the operator.
The new model covers a frequency range from 25 to 525 MHz in one
complete band and has two meters for simuitaneous indication of
incident and reflected power in five ranges (0.3/1/3/10/30 W.). Avail-
able with a characteristic impedance of 50, 60 or 752. The NAUS is
designed to achieve a high sensitivity and accuracy over the wide
temperature range of 20° to +50°C and is considered to be ideal
for the servicing of radiotelephone equipment.

For full details and specifications apply to:

AVELEY ELECTRIC LTD.

Roebuck Road,
Chessington, Surrey

Tel: 01-397 8771
Telex: Avel London 928479
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What makes you think
that we think

you are thinking
ahout Terminal Blocks?

Actually, we werethinking
that you might be thinking

WE AREN'T
YOU KNOWI of Indicator Lights,Voltage
*  Selectors, Connectors,

orperhaps Metal Pressings or Plastic Components. And
we were thinking that, even if you only wanted a few
of any or each of these, it would be a pleasure to do
business with you.

And you might find it a pleasure to do business with
us, especially as we can solve so many of your supply
problems.

For instance, suppose you did want just a few of
these or any other Cinch, Dot or FT components very
quickly, we could, as stock holders, have them on the
way to you the day we got your order.

Perhaps vou'd like to put this promise to the test.

UNITED-CARR SUPPLIES
The single source
that simplifies.

Catalogues and samples available to companies specifying
their requirements.

United-Carr Supplies Ltd
Clifton Works, Frederick Road,
Stapleford. Nottingham.
Sandiacre 6003 STD 0602 39 6003 Telex No. 377117 A2

UNITED-CARR
SUPPLIES

WW-—016 FOR FURTHER DETAILS
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TELEPRINTER EQUIPMENT LIMITED

Sales . . . Rentals . . . New . . . Refurbished . . . Installation . . .
Maintenance . . . Overhauls . . . Spare Parts . . . Prompt Deliveries

TELEPRINTERS Models 7B, 54, 75, 444
-~  PERFORATORS 7PN, 85/86, PR75, 25
CREED EQUIPMENT 1 ,or READERS 654, 6S5, 656, 6S6M, 92, 35, 71, 72, 74
HIGH-SPEED TAPE WINDERS 80-0-80V POWER SUPPLY UNITS, etc.

TELEPRINTERS 15, 19, 20, 28, 32, 33, 35

TELETYPE CORP. all configurations
EQUIPMENT PERFORATORS 14, 19, 28 LPR, RECEIVE & MONITOR GROUP CABINETS
TAPE TRANSMITTERS 14, 20, 28 LBXD & LXD TRANSMIT GROUPS, etc.
SIEMENS TELEPRINTERS T100 and T-68 in various configurations
EQUIPMENT PERFORATORS T-LOCH 12, T-LOCH 15, A, B, D & F, etc.
OTHER KLEINSCHMIDT, OLIVETTI, LORENZ, COCQUELET, BRITISH, AMERICAN,
EQUIPMENT CONTINENTAL, ARABIC and other layouts, 5-8 track.
SOLID STATE MOTOR CONTROLS, MODEM INTERFACE UNITS, TARRIFF J
SPECIAL INTERFACE UNITS, TEST EQUIPMENT, COMPUTER INTERFACE UNITS, DEC.
EQUIPMENT PDP8 and others. SILENCE COVERS AND CABINETS, TELEPRINTER TABLES,

SIGNALLING RECTIFIERS AND CONVERTORS, TAPE HOLDERS.
W—017 FOR FURTHER DETAILS

COMMUNICATION ACCESSORIES & EQUIPMENT

LIMITED
G.P.O. TYPE COMPONENTS FOR PROMPT DELIVERY

JACK PLUGS—=201, 310, 316, 309, 404, 420, 609, 610, 1603 — 3201

JACK STRIPS—310, 320, 510, 520, 810

JACK SOCKETS—300, 500, 800, B3 and B6 mountings, 19, 84A and 95A

PATCH PANELS & RACKS—made to specifications

LAMPS, SWITCHBOARD NO. 2, BALLAST PO 11, LAMP STRIPS, 10-way PO 19, 20-way PO 17, Lamp Caps,
Holder No. 12

CORDS (PATCHING & SWITCHBOARD)—made to specifications

TERMINAL BLOCKS (DISTRIBUTION)—20-way up to 250-way

LOW PASS FILTERS—type 4B and PANELS, TELEGRAPH 71 (15 x 4B)

POLARISED TELEGRAPH RELAYS AND UNISELECTORS—various types and manufactures both P.O. and
miniature

LINE TRANSFORMERS/RETARDATION CO!LS—type 48A, 48H, 49H, 149H, 3/16, 3/216, 3/48A, 3/43A, 48, etc.
FUSE & PROTECTOR MOUNTINGS—8064 A/B 4028, H15B, H40 and individual 1/2

COILS—39A, 40A, 40E, etc.

P.O.-TYPE KEYS—1000 and PLUNGER TYPES 228, 279, etc.

EQUIPMENT RACKS AND CONSOLES—made to specifications

RELAY ADJUSTING TOOLS, TOOL BAGS FOR MECHANICS, TENSION GAUGES, ARMATURE ADJUSTERS,

SPRING BENDERS ETC. VARIOUS SWITCHBOARD EQUIPMENT.
WW—018 FOR FURTHER DETAILS

MORSE EQUIPMENT LIMITED

The GNT Range of Automatic Morse Equipment is now manufactured in the U.K. and comprises complete equipment
for Morse Trajning Schools and for Automatic Morse Transmission. Models available include :

KEYBOARD PERFORATORS for offline tape preparation

AUTOMATIC TAPE TRANSMITTERS with speeds up to 250 w.p.m.
MORSEINKERS specially designed for training, producing dots and dashes on tape
HEAVY DUTY MORSE KEYS

UNDULATCRS for automatic record and W/T signals up to 300 w.p.m.

CODE CONVERTERS converting from 5-unit tape to Morse and vice versa
MORSE REPERFORATORS operating up to 200 w.p.m.

TONE GENERATORS and all Students’ requirements

CREED, MORSE EQUIPMENT, PERFORATORS, REPERFORATORS, TRANS-
MITTERS, PRINTERS, MARCONI UG6 UNDULATORS, BUZZERS, ALDIS

LAMPS, etc.
WW—019 FOR FURTHER DETAILS

77 AKEMAN STREET, TRING, HERTS., U.K.

Telephone: Tring 3476/8, STD: 0442-82 Telex 82362, Answerback: Batelcom Tring
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Were sensitive to everyone'’s needs.

/b

Different people have very different Your request will bring full details of these
requirements in Hi-Fi, so Goldring developed and other Goldring products.

a comprehensive range of stereo magnetic Goldring Limited,
cartridges that are superb in performance and 10 Bayford Street, Hackney, London E8 3SE.
realistic in price. Tel:01-985 1152

From the G800 Super E for those who seek .
perfection down to the G850 for systems on a GOId rl ng @ se rl es 800
budget, the Goldring range offers unsurpassed
quality and value. Stereo Magnetic Cartridges.
WW—020 FOR FURTHER RTHER DETAILS
I YN I mains, audio, microphone, ferrite core

and other wound components

\

A wide range of transformers
manufactured to customers
individual requirements.

Prompt Prototype
Service available

_— TRANSFORMER
MICROPHONE TRANSFORMER WITH WITH UNIVERSAL
TRANSFORMER IN TWO HOLE CLAMP AND END FRAMES AND
MUMETAL CAN SOLDER TAG CONNECTIONS

TURRET LUG CONNECTIONS

Drake Transformers Limited
Telephone: Kennel Lane,
k Billericay 51155 Billericay, Essex. )
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2l S of research...

.. on accessories for dictating machines, tape recorders,
tele-communications and electro-acoustic equipment. etc.
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LOOP RECEIVER

DANAVOX (GT. BRITAIN) LTD.
Electro-Acoustic Components and Hearing Aids
“"BROADLANDS"” BAGSHOT ROAD,
NATIONAL SUNNINGHILL. ASCOT. BERKS.

TEL: 0990 23732/6: TELEX 847584 WW873
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I.L.P. (Electronics) Ltd

100 WATTS!

% NO EXTERNAL COMPONENTS

% MECHANICALLY & ELECTRICALLY ROBUST
% INTEGRAL HEATSINK

% HERMETICALLY SEALED UNIT

% ATTRACTIVE APPEARANCE

* LOWCOST

% BRITISH BUILT

With the development of the HY200, [LP bring you the first COMPLETE Hybrid Power
Amptifier.

COMPLETE: because the HY200 uses no external components!

COMPLETE: because the HY200 is its own heatsink!

By the use of integrated circuit technique, using 27 transistors, the HY200 achieves total
component integration. The use of specially developed high thermally conductive alloy and
encapsulant is responsible for its compact size and robust nature.

The module is protected by the generous design of the output circuit, incorporating 25amp
transistors. A fuse in the speaker line completes protection.

Only 5 connections are provided, input, output, power lines and earth.

Output Power: 100 watts RMS; 200 watts peak music power

Input Impedance: 10K$2?

Input Sensitivity: ODbm (0.7 75voit RMS)

Load Impedance: 4-16%

Total Harmonic Distortion: less than 0.1% at 100 watts typically 0.05%
Signal: Noise: Better than 75Db relative to 100 watts

Frequency response: 10Hz-50KHz + 1Db

Supply Voltage: +45volts

APPLICATIONS: P.A.. Disco. Groups, Hi-Fi, Industrial.

PRICE: £14.90 inc. VAT & P & P

Trade applications welcomed

DELIVERY FROM JULY 1st

CROSSLAND HOUSE - NACKINGTON-CANTERBURY-KENT

CANTERBURY 63218

WW—023 FOR FURTHER DETAILS
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.

The HY41 supersedes the popular HY40 introduced by ILP last year. This highly improved

LLe module achieves true High Fidelity with a dramatic reduction in distortion (typically 0.05% at

- Sower Pack - 1KHz into 8 ohmsl!) and is electronically and mechanically compatible with the HY40.
I . With this important improvement the HY41 retains all of the quality characteristics found in
s the earlier version and P.C. board, Resistor, Capacitors, Hardware Mountings and comprehensive
208 .5 517 8 manual are included in the basic kit. No further components are required to construct a complete

power amplifier of extremely high performance sufficiently versatite to provide power not merely
for Hi-Fi but also for public address systems and industry.

The free manual gives a full circuit diagram of the HY41 and its various applications including
a complete stereo amplifier. .

Like its predecessor the HY41 is based on conventional and proven circuit techniques developed
over recent years.

OUTPUT POWER: British Rating 40 WATTS PEAK, 20 watts
R.M.S. continuous.

LOAD IMPEDANCE: 4—16 ohms.

INPUT IMPEDANCE: 30K ohms at 1KHz.

VOLTAGE GAIN: 30db at 1KHz

TOTAL HARMONIC DISTORTION: less than'0.15% (typical 0.05%)
at 1KHz.

FREQUENCY RESPONSE: 5Hz—50KHz + 1db.

SUPPLY VOLTAGE: + 22.6volts D.C.

SUPPLY CURRENT: 0.8 amps maximum,

PRICE: inc. comprehensive manual, P.C. board, five extra components and P. & P.:—
MONO: £5.39 STEREOQ: £10.78 This is inclusive of V.A.T. plus P. & P,

UNIQUE HVYBRID PRE-AMPLIFIER

The HYS has repidly established a position in the WORLD as the sole hybrid
pre-amplifier to contain all feedback and equalization networks within an integrated
pre-amplifier circuit.

Supplied with the HY5 are two stabilizing capacitors and by the addition of
volume, treble and bass potentiometers it is ready for use.

Internally the HY5 provides equalization for almost every conceivable input, the
desired function is achieved by use of a multi-way switch or by direct interconnection,

Two distinctive features of the HYS are its inbuilt stahilization circuit, allowing it
to be run off any unregulated power supply from 16—25 Volts and a balance circuit
which, when linked by a balance control to a second H Y5, forms a complete stereo
pre-amplifier.

Specifically and critically designed to meet exacting Hi-Fi standards, the HY5
combines extremely low noise with a high overload capability. When used in con-
junction with the HY41 and PSU45 forms a completely intergrated system.

INPUTS

Magnetic Pick-up {within +1db RIAA curve)
2mV. 47K

Tape Replay (external components to suit

head). 4mV. 47K§)

ACTIVE TONE CONTROLS (Baxendall} SUPPLY CURRENT

Microphone (flat) 10mV. 47K ) Treble + 12db. 6mA approx.
Ceramic Pick-up {equalized and compen- Bass_+ 12db. OVERLOAD CAPABILITY
satable) 20—2000mV. variable. INTERNAL STABILIZATION better than 26db on most sensitive input
Tuner (flat) 250mV. 100K § Enableslthe HYS5 to share an unregulated infinite on tuner and auxl.-
Auxiliary 1 250mV. 47K §) supply with the Power Amplifier. OUTPUT NOISE VOLTAGE: 0.
Auxiliary 2 2—20mV. 100K {2 SUPPLY VOLTAGE 0.8mV.
16—25 volts
PRICE: MONO: £3.96 STEREQ: £7.92 This is inclusive of V.A.T. plus P. & P.

POWER SUPPLY PSU45

The versatile P.S.U.45 is designed to supply your HY41’s +HY5's in stereo or mono format.

Specification
tnput: 200—240 Volts.
Output: + 22.5 Volts at 2 amps.
Overall Dimensions: L. 7”; D. 3.8""; H.3.1"
PRICE: £4.95 This is inclusive of V.A.T. plus P. & P.

Please note we ieserve the right to substitute at our discretion updated versions of advertised designs where applicabte

CROSSLAND HOUSE - NACKINGTON-CANTERBURY -KENT

CANTERBURY 63218

WW—024 FOR FURTHER DETAILS
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Eddyston

EC958

series of receivers
10kHz to 30MHz
In world-wide use

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

Economy

Wireless World, August 1973

1T 21,
THE TUB
THAT GOES ON.

You could

design yourself a*
reputation around
thisM-OV tube.
e [t’sthebest
beam tetrode you
canbuy.
e Offerslowest
possible cost per watt.
e Communications
transmitters allover the
world depend — and goon
depending —on the famous
M-OV TT21.

For more details, just ask us.

EEV AND M-0OV KNOW HOW.

THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE.
Tel: 01-603 3431. Telex: 23435. Grams: Thermionic London. <Z.¢5.C.

<
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Simplicity Reliability

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

Eddystone Radio Limited

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

A member of Marconi Communication Systems Limited

LTD/ED99

WW—025 FOR FURTHER DETAILS

for your_
Attenuation

With the Hatfield 50 £ Attenuator model 2002
in your laboratory you can immediately select
from 0 to 121 dB in 1 dB steps.
Alternative models for 75 impedance and to
cover 010 12.1dB in 0.1 dB steps.

-Send for full details to

HATFIELD

forward thinking
in electronics

HATFIELD INSTRUMENTS LIMITED

Burrington Way. Plymouth PL5 3LZ. Devon.

Tel. Plymouth (0752) 72773/4 Grams: Sigjen. Plymouth. Telex: 45592
South-East Asia. for prompt service and deliveries, contgct:

Hatfield Instruments (NZ) Lid. P O Box 561. Napier Ne®d Zeatand

WW—027 FOR FURTHER DETAILS
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Accurate and direct
measurement of speed without
coupling to moving parts

resonant reed TAGHOMETERS

for hand use or permanent mounting
Ranges and combinations of ranges from 900 to 100,000 r.p.m.

Descriptive Literature on Frahm Resonant Reed Tachometers and
Frequency Meters available from the sole U.K. Distributors. Manufacture
and Distribution of Electrical Measuring Instruments and Electronic
Equipment. The largest stocks in the U.K. for off-the-shelf delivery.

ANDERS ELECTRONICS LIMITED

48/56 Bayham Place, Bayham Street,
London NW1. Tel: 01-387 9092
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[ICIENEHBUARDS

low cost, high
performance units

Anders means meters

and
plug-in cards

Limrose’s

new family of low-cost universal mounting
boards, plug-in cards and breadboarding systems is useful

for development
evaluation.
Delivery is usually ex-stock. For prices and other
information please contact

E LIMROSE ELECTRONICS LIMITED

work, device testing and circuit

8-10 Kingsway, Altrincham,
Cheshire WA14 1PJ.

limrose Tel. 061928 8063
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Imagine the thrill you'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 help qualify yourself

for 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 acrual 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 oppor-
tunities in the field of Radio and
Electronics are growing faster
than they can find people to fill the
jobs!

No mathematics,
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 -
experiment. You enjoy every
minute of it!

You get everything you need.
Tools. Components. Even a ver-
satile 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 in easy payments — in
fact you could make extra cash
from spare-time work when you’ve
turned yourself into a qualified man
through B.I.LE.T. training.

_ POST
TODAY FOR
FREE BOOK

NAME

ADDRESS

To: BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY
Aldermaston Court, Reading RG? 4PF

Yes, I'd like to know more about your course. Please send
me free details—plus your big, 76-page book that tells
about all your courses.

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-
ground or education, we’ll teach
you. Step by step, in simple
easy-to-understand language, you
pick up the secrets of radio and
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 your own powerful
radio. And after the course you
can go on to acquire high-
powered technical qualifications,
because B.I.LE.T.’s 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
enjoy for years. Send the coupon
now. There’s no obligation.

QH{wWWO07

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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What is TELEFI?

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

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

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

Telefi a remarkable innovation exclusive to Celestion for use in

Celestion

Wireless World, August 1973

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

Telefi is complete in a handsome natural teak veneered case 71" x
51" x 22" approx.

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

Also send for details of the complete range of Celestion Loudspeakers

ROLA CELESTION LTD.

DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 8JP
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GUNTON ELECTRONIC
IGNITION KIT

£9.35 g™
READY BUILT UNIT

INC. CARRIAGE
GUARANTEED 5 YEARS £ 1 1 . 55 &VAT.

*  ALL HIGH QUALITY COMPONENTS  #
Capacitive discharge ignition is recognised as being the most efficient system and will
give you

Continual Peak Performance

Up to 20% reduced fuel consumption
Easier All-weather Starting

Increased Acceleration and Top Speed
Longer Spark Plug Life

Increased Battery Life

Elimination of Contact Breaker Burn
Purer Exhaust Gas Emission

Patents Pending

12 volt only slate pos. or neg. earth. Supplied with illustrated assembly and fitting
instructions, with details for fitting all types of- tachometers. Can be built in an evening
and fitted in 15 minutes. Spare snap-on connectors. for coil, etc. Call in for a demonstra
tion. S.AE all enquiries please. Or Phone Walsall 33652 for details. (Many letters from

satistied customers.

oerr. ELECTRONICS DESIGN ASSOCIATES

pi] 82 BATH STREET, WALSALL WS1 3DE
WW—031 FOR FURTHER DETAILS

JES AUDIO INSTRUMENTATION

lllustrated the Si452
Distortion Measuring Unit
—Ilow cost distortion
measurement down to

.01% £30.00
Si451 £35.00 Si453 £40.00
Comprehensive Millivoltmeter Low distortion Oscillator
350u Volts 20ranges sine square RiAA

ALL PRICES PLUSVA.T.

J. E. SUGDEN & CO., LTD. Tel. Cleckheaton (09762) 2501
CARR STREET, CLECKHEATON, YORKSHIRE.
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CONTACT

LEDON INSTRUMENTS LTD.

CONTRACTORS.TO H.M. GOVT. P.O. APPROVED

REPAIRS e
/-14 DAYS SERVICE

TO SOLVE YOUR INSTRUMENT PROBLEMS

INSTRUMENTS

Industrial and Precision Grade

STOCKISTS
ALSO SUPPLIERS OF GEC
RISSO AND OTHER

MULTI-RANGE TEST SETS

MODEL 8 MK. V

76-78 DEPTFORD HIGH STREET, 1« GLADSTONE WORKS, GLADSTONE ROAD,
LONDON, SE8. TEL: 01-692 2689 1 FOLKESTONE, KENT. TEL: (STD) 0303 57555

WW—033 FOR FURTHER DETAILS
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nNombrex

NEW
MODEL 45
DIRECT READING FREQUENCY METER

©® MEASURES FREQUENCY FROM 10 Hz TO 100 kHz.
©® MEASUREMENT INDEPENDENT OF SIGNAL WAVE FORM.
® ACCEPTS INPUT LEVELS FROM 10mV TO 5V.
® FOUR DECADE SWITCH RANGES.
@ SENSITIVITY CONTROL.
@ CALIBRATION CONTROL.
©® POWERED BY 9 VOLT BATTERY.
Trade and Export enquiries welcome.

Send for full technical leaflets.
Post and Packing 35p. extra.

NOMBREX (1969) LTD., EXMOUTH, DEVON

Tel: 03-962 3515

WW— )34 FOR FURTHER DETAILS

YW WW

PRODUCTION TESTING

POWER UNITS

NOW AVAILABLE WITH 3
VARIABLE OUTPUTS

DEVELOPMENT

SERVICING

EDUCATIGN

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

Type VRU/30/25 — £158.80 é

Other units are also available
with outputs of:

0-60V 12A. :
0-120V BA. ALL CONTINUOUSLY
0-240V 3A. VARIABLE

SEND FOR FURTHER DETAILS
OF THESE VERSATILE UNITS TO

5l .
VGI’LGJ.I.O LIMITED, BROWELLS LANE,

FELTHAM, TW13 7EN, MIDDLESEX.
TELEPHONE 01-890 4242
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OCLI manufacture an extensive range of
Infrared Filters covering -he entre 1.0 to 30
micron spectral region.

Filters in these regions presznt a1 excellent
solution to filtering out Figh-temperature radi-
ation without appreciablv linriting the signal
from the source being observed. Moreover, they
have proven capability over wde operating
temperatures.

OCLI I R. Fiiters are ma-d= to 2»ac: Customer
specifications or a range cen ke supplied from
stock.

Typica! fields benefittmig trom OCLI I.R.
Fifters include:

® GAS ANALYSERS/DETECTION SYSTEMS

o INFRARED PASSIVE THERMAL IMAGING
SYSTEMS

o FIRE DETECTION

®POLLUTION DETECTION

e OPTICAL PROXIMITY FJSES
o INFRARED SPECTROSCOPY
® INFRARED PHOTOGRAFFY
@ SPACE RECONNAISSAMCE

Il B BN I = R N

Write for the new OCLy catelogue and price
list of stock |.R. Filters.

OC LI OPTICAL COAYINGS LTD.

Hillend lnduswial Estate,
Dunfermri ne, Fife <Y11 5JE.
Tel. Inverkeitting 3631

(STD 038-34 3631).

WW—036 FOR FURTHER DETAILS
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00 R maEemes i

Rapid expansion and a continuous
development programme in the field

of recording techniques have made a small;
selection of our good stock redundant. ‘

We are now offering these recording heads
at half the normal price.

Y2track mono R.P

“2track mono erase

twin stereo erase

8 track stereo R.P

single track cine heads R.P.and erase I

Vatrack mono cassette erase heads

TO MARRIOTT MAGNETICS LTD
PENRYN, CORNWALL TELEPHONE 032-67 2267 I

Please send me a price list for the special offer of
recording heads.

Name .
Company § I

Address

8 track 2 channel stereo heads

-----J
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‘W.W.’ DIGITAL MULTIMETER

LIST OF PARTS NOW AVAILABLE

STEREO IC DECODER

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

MOTOROLA MC1310P EX STOCK DELIVERY
SPECIFICATION
Separation : 40dB 50Hz-16kHz. Distortion : 0-3%
I/P level: 560mV rms O/P level: 485mV rms per channel.
Input impedance : 50kQ. Power requitements: 8-16V at 16mA
Will drive up to 75mA stereo ‘on’ lamp or LED.
KIT COMPRISES FIBREGLASS PCB ONLY WHY paYy
(Roller tinned), Resistors, I.C., Capacitors, y MORE?
Preset Potm. & Comprehensive Instructions £3 40 post free.

(D. E. O’'N. Waddington, March 1973)

Please send a stamp

We will also include our illustrated lists of other LIGHT EMITTING DIODE (Red) ONLY
Suitable as st ‘on’ Indicator. For ab
components wlI‘th panel rf\gt’ﬁzing clil:p;Cr'nad(?nsnuc‘;io?:’sse 299 plus p.p.

MC1310P only £2-77 plus p.p. 6p

CAVERN ELECTRONICS

29 CLAREFIELD ROAD, LEICESTER LE3 6FB
Tel.: Leicester (0533) 857223
(Mail Order only)

NOTE
As the suppiier of the first MC1310P decoder kit, of which we have sold fiterally thousands,
our customers can benefit from our wide experience.

V.A.T.
From April 1st add V.A.T. at the standard rate to all prices

FI-COMP ELECTRONICS
BURTON ROAD, EGGINTON, DERBY, DE6 6GY

WW—038 FOR FURTHER DETAILS WW—039 FOR FURTHER DETAILS

oy the profissional

contact Derek Owen at 01-874 9054 or Telex 923455

LEEVERS-RICH

| EQUIPMENT LIMITED |

Agents in Scandinavia, Eastern and Western Europe, Middle East,

LEEVERS-RICH EQUIPMENT LIMITED
319 TRINITY ROAD * LONDON SW18 3SL
Telephone 01 874 9054 - Telex 923455
Cables LEEMAG LONDON

Africa, Australasia and the Far East.

A MEMBER OF
THE MCP GROUP

WW-—040 FOR FURTHER DETAILS
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TO SPARK YOUR

IMAGINATION!
Kit comprises
EVERYTHING:

You editthetape.
We editthe prices.

VIDEO TAPE AT
DIXONS TECHNICAL

RECOMMENDED DIXONS
PRICE" PRICE® Case, cables,

SCOTCH 17 2400 ft. | £10.80 { £8.50 2. coil connectors,
SCOTCH 3" 3000 ft. : £16 82 . £13.50 Silicon grease,
BASF 3" 2400 ft. ! £10.75 1 £8.50 3
SHIBADEN " 2400 ft. | £10.80 | £9.10 8 page
RACAI ZONAI 2400 ft. | £10.25 | £8.00 instruction
SCOTCH " 1200 ft. . £3.76 | £3.00 leaflet.
BASF 1" 1200 ft. £375 £3.00
ZONAI £* 1200 ft. . £3.80 £3.00
AKAI 1" 1200 ft i £4.00 £3.50
DIXTEC CCTV 3" 2400 ft. | . £5.50

* Al prices are subject to VAT
ALL TAPES SUPPLIED IN AIR TIGHT CONTAINERS

e ————

Exclusive to Dixons Technical Fantastic quality l

Dixtec LCTV £ 2400 ft £5.50
To

LONDON, W.1

1 -

) v PIX_O S
l Address opesg-i'(’)“sggﬁq?"-t*

IL WWNT'8
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DIXONS TECHNICAL LTD. 3 SOHO SQUARE,

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
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&

SPARNKITE

Electronic Ignition Kit
only £9-35

Fascinating to build. Fantastic improvement to your car's
performance. Complete Capacitive Discharge ignition system,
fully proven, components fully guaranteed. Printed circuit
design. All metalwork drilled ready. Fitted to car in 15
minutes when built.

e Sustained peak performance. e Up to 20% fuel saving.
o Instant all-weather starting. Faster acceleration, higher
top speed. e Suitable for all engines up to 8 cyls. e Longer
spark plug life. e Longer battery life. o Contact breaker
burn eliminated. o Purer exhaust gas emission.

A new development from the manufacturers of Gunton ignition. Price: £9.35 inc.
V.AT. and postage. {12 volt only. State Pos. or Neg. earth). Ready built unit also
available £11.85 inc. V.AT. and postage. GUARANTEED 5 YEARS

r R e SN R NN W
ORDER NOW 7o ELECTRONICS DESIGN ASSOCIATES,

IBZ Bath Street, Walsall WS1 3DE. Phone: 33652
Please send me one SPARKRITE Kit complete. | enclose

P.O./Cheque for £3:35. Or for ready built unit £11-55.

I NAME l
I ADDRESS I

I (Live near Walsall? Call in for an actual workshop
demo. It really is convincing).

WWBI
N RN AN MR EER D0 A
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Easy-hana’ling,l |l
superb performdnce!.

PORTABLE VHF TRANSCEI&R

@& TcYocom

B caL sian ]
RA E 18- SER NG
3 MODEL TIR-1

| (150MHz, 1W"

FEATURES:
® Thrze qperating frequendes n any 2%Hhz segment of tre
142—172MHz range Tay be sdected
® A morcl thic HCM filter produced by our cwr crystal divi-
sion s Lsad in the IF amplifier. Ferformance and selectivity
ir chis single superheterocy-e set are =xcelient.
® A gt em tling diode is used ta indicate the trarsmit output
level and ccncition of the dattery. This approzct mproves
relihil tv 2nd allows checks unce- poor lighting conditions
® Use of 3 posistor eliminates the troublesore fuse and a-
leviates maintenance require Terts.

| EXPORT DEP& IPMBMT

. To vocoM TD¥O BUILD*MG N&* 6.1 20, LINGUUMAL

v SHIUYA KU TCRYD. JaFAN

TONGION TCYO COMMUNICATION [ CABLE EXPORTDYDCCN-"0<YO
é TEL (0% 406 3355

SGUIPMENT CO..LTD e CEr Tk |
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BIAS ELECTRONICS

Excellent Performance
High Reliability

Mono or Stereo 3"

4 track 1" versions

in console, rack mounting
or transportable form.

At very reasonable prices.

Phone or write to

BIAS ELECTRONICS LTD. 01-947 3121

UNIT8 COOMBE TRADING ESTATE
112-120 COOMBE LANE, LONDON SW20 0OBA.
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‘Ifyouwanttobe

in the
Enow

r

about Europe's most advanced

ENTERTAINMENT SOUND SYSTEMS

then place a tick in appropriate box, complete coupon
and send to SNS Electronics Group, 851 Ringwood Road,
Northbourne, Bournemouth BH11 8LN. We'll send you
some interesting details by return. / am interested in:

Discoth tems
iscotheque System Heavy Duty Speakers

A\ | Mi lifi . .
oca a Amp' ', Lt DD:stmctnve range of
[[]'nstrument Amplifiers specialist Loudspeakers

DOther ............................. [:]Radio Microphone Systems I

Name

Address I
Pleasecut it“

WW-—046 FOR FURTHER DETAILS
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for IOgIC : in.cludingP.P+VAT
circuits _, quantity

High-Low Level Probe
(2-colour indication)
Uses L.E.D.

Reverse Pole Protected
Very fast response

50 nano seconds

Up to 12 MHz

L o B B S

Associates Ltd.

Cricketfield Lane,

Bishop’'s Stortford, Herts.
Telephone: 0279-56347 Telex: 81533 REMO STORT
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a8 Transducer and Recorder I
amplifiers and systems

The Jermyn Invertor provides a completely portable
source of 240v 50Hz power, working from an ordinary
car battery.

No noise. No smell. No fuel oil. No maintenance.

And much cheaper than a 2-stroke generator —
150W version (needs 12v battery) £29.00 (+£2.90
VAT). 300W version (needs 24v battery) £39.00 (+
£3.90 VAT).

The circuit includes electronic short-circuit preven-
tion and wrong-connection protection.

And you can work it backwards; plug into the mains
to recharge the battery.

Ideal for all kinds of field radio equipment, and as a
stand-by for the house.

reliable high performance & practical controls

individually powered modules—mains or dc Pleasesendme . . ... .. C150W L. 300W
option single cases and up to 17 modules Jermyn Invertor(s).
in standard 19" crates sma” SiZe—lOW We|ght IenClOSC Cheque/PO Value £ « W omed mE - . F 5. BN 3B 3G 3B

—realistic prices. Name

o [=N/]L_[))= LABORATORIES -—ﬁ o lermyn

LIMITED
16 Oakham Court Preston PR1 3XP

Telephone 0772 57560 /| Jermyn Industries 98 Vestry Estate Sevenoaks Kent
WW—048 FOR FURTHER DETAILS i WW—049 FOR FURTHER DETAILS
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AMTRON

eletronic kits
including
metal cabinets

Hard All other

Plastic -~ 7 T components
Moulding % \ alloy
SN .

AMTRON produce a range of up to 200
electronic kits, and apart from metal cabinets
you can construct: power supplies,
pre-amplifiers, L.F.Instruments, amateur and
radio control transmitters and receivers,
battery chargers, measuring instruments,
tuners, receivers and I.C. digital equipmeént.

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

Trade & Educational enquiries welcome.

allROp
ATER

AMTRON U.K. 4 & 7 Castle Street,
Hastings, Sussex, England. TN34 3DY.
Telephone: Hastings 2875.
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Acclaimed as the World's leading
telescopic tittover tower 1n the
field of racho communication
Models from-25" to 120’

£

Loeok tor the name
STRUVIECH

Strumech Engineering Co Ltd
Coppice Stde. Brownhills. Walsall. Stalfs
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244 COUNTER-TIMER
AND
FREQUENCY METER

I
e ¥

\ EEl counter - TimeR

,j

(¥

1
i

-

R e —

Price £79.00

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

For full information contact—
ESI Nuclear Ltd

2 Church Road

Redhill

Surrey RH1 6QA

Tel: Redhill (91) 64993

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

WW-—052 FOR FURTHER DETAILS
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Purpbse-built servo and actuator

systems using standard components

Control Ampiifier

¥ Low . Typical precision gears
7" Inertia DC motor S

McLennan have considerable
experience in the solution

of actuator and servo
problems using synchronous,
stepping and D.C. motor
techniques as well as solonoid
-powered types. An important
facet of our skill lies in
purpose-designing around standard
components for speed and economy
of building.

Power Unit to
feed up to 3 Servos

The illustration shows a selection of
modules from the McLennan standard
range which are available as individual
items or can be supplied engineered to
custom-built systems.
Such a system could be complete in itself or
form part of your own design.
Typical examplesinclude :
Camera positioning : Plotting Devices:
Self-steering Systems: Sig-
nal-seeking Aerial Drives :
Professional Tape Drives:
Automated Production
Lines.
Stimulation of output
position or velocity may
be by optical, radio,
electrical, mechanical,
pneumatic or hydraulic
signals.

: Gearhead with
integral feed-back Potentiometer

McLennan Engineering Ltd

Control Systems and Components

Kings Road, Crowthorne, Berkshire. Tel: Crowthorne 5757/8.
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Audio Kits

This is our Bailey/Burrows Stereo pre-amp front end. We think it is
the best engineered kit of the best pre-amp circuit available, and
there is a back end/tone control unit of similar advanced design to
go with it which is only 13" deep so it fits almost anywhere, but of
course it's at its best in a Hart universal amplifier metalwork with
a couple of Hart Bailey 30 watt power amps to keep it company.
That's a recipe for real Hi-Fi with electronics you'll be too proud to
cover up.

Also a delight to the connoisseur are our printed circuits and
components for the Stuart tape circuits.

This is @ most useful high quality circuit with the record, replay and
bias functions on separate boards thus giving considerable versatility
of use. For instance a stereo replay channel can be builtfor £6 for single
speed use without external components or a switch may be added
for multispeed operation.

Please send 9" x 4’° SAE for full details:

HART ELECTRONICS

WE ARE SUPPLYING

Printed Circuit Boards, Components and
Kits for the

D. O'N. WADDINGTON
DIGITAL MULTIMETER

This most interesting project fulfils the
long-felt want for a Digital Multimeter
with the added bonus of counter/timer
functions, all at a price which makes it
extremely attractive to the amateur,
educational or commercial user.

Penylan Mill, Oswestry, Salop.

Personal callers are always welcome, but please note we are closed all day Saturday

WW—054 FOR FURTHER DETAILS
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THE NEW NELSON-JONES FM TUNER

PUSH-BUTTON VARICAP DIODE TUNING
PSRN YR NS g w
< e e SL}_& g~ - 1 (6 POSltlon)
; > Exclusive Designer Approved Kits

e e

For the first time the Nelson-Jones Tuner is available as a complete kit with all Metalwork, Printed and anodised
Front Panel and Teak veneered cabinet. A Six Position push-button unit is used with each pre-selector button fully
tuneable with its own scale and pointer and incorporating AFC disable for fine tuning.

Provision is also made for a Stereo LED, Stereo Decoder, Internal PSU and Fine Tuning indication (Meter or LED
type). Push-button switches are also used for Stereo Mute and Mains On/Off. All sockets, board standoffs and panel
mounting fuse are supplied.

Our attention to detail is such that even our cabinets are veneered inside and out for minimum warp and attractive
appearance.

The tuner is available in two gain versions, and our alignment service is available to customers without access to a
signal generator.

Prices for complete kits start at £23¢75 (mono) plus p.p. 45p., and of course all components are available separately.

Please send large SAE for our latest price lists which detail
all of the many options and special low prices for complete kits.
All our other products remain available e.g. The Portus and
Haywood Phase Locked Stereo Decoder Kit.

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 £28.50
plus p.p. 45p including a Teak Sleeve.

V.A.T. Please add V.A.T. at 10% to all prices for U.K. orders.

INTEGREX LIMITED, P.0. Box 45, Derby, DE1 1TW Phone Repton (028389) 3580
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Audio Connectors

Broadcast pattern jackfields, jackcords.
plugs and jacks

Quick disconnect microphone connectors
Amphenol (Tuchel) miniature connectors
with coupling nut

Hirschmann Banana plugs and test probes

sneer MeraL FOLDING MACHINES

Forms channels and angles
down to 45 degrees which
can be flattened to give safe
edge. Depth of fold accord-
ing to height of bench.

One year's guarantee. XLR compatible in-line attenuators and
Money back if not satisfied. - reversers
is: ] Lo i
m— San g. de;:'RKER £ w cost slider faders by Ruf
36" X 18 gauge capacity ... .. £35.00 carr. 75p . . i |
24" X 16 gauge capacity .....£32.00 carr. 75p o s FUture Fllm Deve“)pments Ltd'
Also the well-known vice model of EJOP:;EDI{NGGEQI?EEMS?IE(EVEVT. RKS; 90 Wardour Street,
36 X 18 gauge capacity ..... £17.00 carr. 50p | HECKMONDWIKE, YORKS.
24" X 18 gauge capacity . .. £12.00 carr. 38p '1 London W1v 3LE
18" X 16 gauge capacity .....£12.00 carr. 38p | Telephone 3997
Add 10% VAT to ttal price of machine and carriage 01 B 437 1892/3
N 1 WW—056 FOR FURTHER DETAILS WW—057 FOR FURTHER DETAILS
'

The New Loudspeaker Range...

The sound of music. from the lowest frequency to the highest is now brought to the connoisseur of quality
in sound reproduction with the new, Vitavox Power Loudspeaker Range.

The Range blends four superb units into one matchless composite, or each element as a separate unit avail
able for use with other systems. The range gives exceptional quality of sound reproduction and handles up to
100 watts of musical power. The four units are: a High Power. High Frequency Pressure Unit and a High
Power Bass Loudspeaker. each designed to give increased power handling capacity without sacrificing either
efficiency or frequency response ; a High Frequency Dispersive Horn, designed for use with the Pressure Unit -
matching accurately the Unit's output characteristics and giving superb sound dispersion: a High Power
Dividing Network for use in both high and low power systems and which ensures correct allocation of the
frequency spectrum between high and low frequency units.

Carrying the Vitavox stamp of quality. this is the Range which brings you . ..

e e~ v The Great Sound of
Vitavox

Westmoreland Road, London NW9 9RJ Tele_phone :01-204 4234

Company
Address

WW-—058 FOR FURTHER DETAILS
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New? Toa 900 amplifiers
have the widest
connections. .

In fact, the new TOA 900
series of solid-state amplifiers
can be fitted with such a wide
range of plug-in input modules that
they are suitable for almost &ll signal-
sources.

The result is versatility, flexibility
and power. And a vast range of
applications in offices, schools,
sports grounds, industry and
everywhere else where TOA’s
background of experience and skill
can make itself felt. Plug into new

TOA units —and you'll get the message

- -y
- °
very clearly indeed. GOIdrlng @

Goldring Ltd., 10 Bayford Street, Hackney,
London E8 3SE.
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-

USED THROUGHOUT THE WORLD. SANWA'S
EXPERIENCE OF 30 YEARS ENSURES ACCURACY.

RELIABILITY. VERSATILITY, UNSURPASSED TESTER .
PERFORMANCE COMES WITH EVERY SANWA L Oftice, Shop and

6 Months Guarantee Excellent Repalir Service P:LLEPAW&:J;EP:II;ELU})X? TEI;,]E-

Model P-2-B £6.35 Model AT-45 £20.50 which enables ) . ~
Veun DD E7EE MO Saote E0s) | v e ke town lowr tomiene SO Hi2ton
Model 360-YTR £10.77 Model N-101 £24.20 messages or converse without holding (1 Master and 3 Subs) for desk or
Model U-50DX £10.89 Model 460-ED £28.31 the handset. Just moisten the suetion wall mounting can solve your com-
Model A-303TRD £14.33 Model EM-800  £69.32 pad and stick it to one side of the munication problems instantly. Effec-
Model K-30THD £16.39 Model R 1000CB £71.69 telephone. A useful office aid. On/Off  tive range 300ft. Call/taik/listen from

Mode! F-80TRD £17 .84 THESE PRICES ARE SUBJECT Master to Subs and Subs to Master.
N7 switch. Volume control. Operates on iy, gelector switch, Ideally suitable
one 9v battery. Size 3in. x 4in. Ready or office, shop, home or surgery.

fe
to operate. Complete with battery. Adaptable for Mains. Complete with
P & P 26p. three 66ft. connecting wires and
accessories. On/Off switch volume

TO AN  ADDITIONAL CHARGE OF 10% FOR VAT
Cases exira. available for most meters. but not sold separately.

Please write for illustrated leaflet of these and other specialised Sanwa meters
control. P. & P. 44p.

Q“Al.l" ELECTBONICS LTD. WEST LONDON DIRECT SUPPLIES

47-49HIGH STREET, KINGETOB S FONTHAMES SURREY. ICTU IR 169 KENSINGTON HIGH STREET, LONDON W8 6SN
WW-—060 FOR FURTHER DETAILS

BICC

canternoer  Helshy 3171.

Brings you instant se
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PORTABLE
MIXER

This mixer has been designed for mobile use in
conjunction with high gquality audio systems.
it has basically 15 fully equalised input
channels, plus 2 high level auxiliary input
channels. The mixer can be-used in two confi-
gurations, either 4 track full range output or 2
track output split into 3 channels each track,
each channel controlled by an electronic cross
over. The remaining 2 ftracks can be used
either as full range tracks or re-mixed into
tracks 1 & 2 as sub-mixers. The mixer also has
2 fully equansed independent monitor outputs
and drve facilities for an external echo system.
There is also an output for use with head-
phones to listen through for cusing each chennel.

GENERAL SPECIFICATION
Size 38" x27x12"
Weight 190Ib approximately
Power Consumption 80 watts approximately
input Impedence B00 ohm balanced
Output Impedence 800 ohm balanced
Input level 15 modules — B0 dbm
Input level auxiliary 2 Inputs -0dbm
Dutput level ~ 10 dbm all channels
Cue output level - 300 milliwatts
Equalisation range + 14 dbtreble
+ 20 db mid
+ 14 db bass
+ 20 db bass peak
Overall noise bettes than — 60 db below fult output

Channe! separation better than — 80 dbm

PRICE — £6,000

ELECTRONIC
CROSS-OVER

The Mavis 3 way dlectronic cross-over is intended for use primarily with music and
speech amplifying systems. It enables the bass range, mid-range and trsble range to
be separately controlled The cross-over frequency for esch range can be specified if
required but will be, in the standard unit. as follows:

Bass roll-off 45 cp.s.

Bass to mid-crossing point 800 c.p.s.

Mid to treble crossing point 5000 c.p.s.

The unit's output is batanced 800 ohm Line for each channel capable of driving six
800 ohm balance sources. The input to the cross-over is also BOO ohm balance.

GENERAL SPECIFICATION

Size 19" x 12" deep x 7" high {standard 19"
racking)

Weight 351b.

Input 0 dbm 600 ohm batance

Outout _ + 10 dbm 600 ohm balance

Power Requirements 110/230 volts 50/60 cps at 80 watts approx

Optional extra Subplate

PRICE —£500

Al enquiries to:

11a SHARPLESHALL ST., LONDON, N.W.1

INCLUDING FREIGHT CASE Tel. 01-722 7161/2/3/4 Telex: London 27655
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Radio and Line Transmission, Vol. 2—2nd Edition

George L. Danielson MScTech, BSc, CEng, MIEE and Ronald S. Walker CEng, MIERE

The second in a series of three books written to meet the needs of the technician specialising in Radiocommunication in the
City and Guilds Telecommunication Technicians” Course. The volume covers the revised syllabus of Radio and Line Transmission B,
and is suitable for third-year students on a part-time course or for second-year full-time students. Though written primarily for
students on technician courses, the work will provide a background for those engaged in more advanced studies.

304pp illustrated 0 592 00067 2 1972 (2nd Impression 1972) £1:60

Radio and Electronic Laboratory Handbook—8th Edition

M. G. Scroggie BSc, CEng, FIEE

This completely revised edition of a book which has been a standard work of reference within its field for over thirty years contains
much useful new information. There are new or extended sections on microelectronics, integrated circuits and operational amplifiers
and a fuller treatment of the use of transistors in instrumentation. S| units are now used throughout the book.

628pp illustrated 0 592 05950 2 1971 (2nd Impression 1972) £5-25

110 Integrated Circuit Projects for the Home Constructor

R. M. Marston

Integrated circuits are the most important new semiconductor devices to have been developed within the last decade. They are
compact, easy to use and less expensive than their discrete transistor-resistor equivalents. This work gives an entirely practical
introduction to these devices by describing one hundred and ten constructional projects in which they can be used. The book will
be of great value to and a fruitful source of ideas for the professional engineer, the student and the amateur constructor. Like the
author's other books, such as the successful 20 Solid State Projects for the Home and 20 Solid State Projects for the Car and
Garage, this volume is written in a clear and straightforward manner which makes this important subject accessible even to those
with little technical knowledge.

138pp illustrated 0 592 00063 X cased 1971 £1-80

Operational Amplifiers

G. B. Ciayton BSc, FinstP

This text is designed to provide an insight into the capabilities and applications of the modern operational amplifier. As it is simpler
and potentially more reliable to work with operational amplifiers than using only the traditional discrete components, the non-
specialist should find it easier to design his own measurement systems if he makes use of them, either in modular or in integrated
circuit form. Practising instrumentation engineers and research workers using electronic instrumentation techniques will all find the
insights afforded by the text of great practical help in their respective programmes.

244pp illustrated 0 408 70202 8 1971 £3-50

Available from leading booksellers o The Butterworth Group
88 Kingsway, London WC?2B B6AB. Showrooms and Trade Counter, 4-5 Bell Yard, LondonWC2

0 592 00058 3 limp £1-20
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THE HIGHEST PERFORMANCE DIGITAL FREQUENCY COUNTERS
AT THE PRICE IN THE WORLD EVERYBODY BUYS THEM

301 5 DIGIT 32 MHz
STABILITY 3 parts in 108 E
SENSITVITY 10mV

401 6 DIGIT, 32 MHz,
STABILITY 1 partin 106 E11U
SENSITIVITY 10mV

501 8 DIGIT, 32 MHz,
STABILITY 3 parts in 10®

{crystal oven) E1 6 U
SENSITIVITY 10mV
701 8 DIGIT,
50 MHz, E1 7 U
Similar to 501

; : 801A 8 DIGIT,
ST 300 MHz, E 260
oo s “ = Similarto 501

PRICES EXCLUSIVE OF VAT
ELECTRONIC START/STOP version PLUS £10
MEMORY version PLUS £25
DIRECTLY COUPLED INPUT AND SPECIALS TO ORDER
Write for illustrated leaflet.
Supplied to and acclaimed by professional engineers everywhere
who have purchased our electronic instruments for the past 10 years.
Norwegian Agent:. ELECTRO-TRADE, TRONDHEIM, NORWAY.

. e A
I RCS ELECTRONICS, NATIONAL WORKS,
| 4 “ BATH ROAD, HOUNSLOW, MIDDX. TW4 7EE
F9es Telephone: 01-572 0933/4
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Train for
television

Course commences 5th September, 1973

This is your opportunity to train as a
television and radio engineer on our full-time
Two-Year College Diploma Course specially
designed to cover the examinations of the
City and Guilds Radio, Television and
Electronics Technicians’ Certificate.

Full theoretical and practical instruction on
all types of modern receivers —including
the latest colour sets.

Minimum entrance requirements are Senior
Cambridge or ‘O’ Level, or equivalentin
Mathematics and English.

. < 3 1 3 J ] ] |
Please send free prospectus to:

Name

Address

—

THE PEMBRIDGE COLLEGEOFELECTRONICS
uDept. WW?2), 34a Hereford Rd.. London W2 5AJJ

a3l

Europe thihks
your product
stinks.

Many, many British products will shortly have to
smell right in Europe, i.e. conform to Community
standards.

It’s called “‘technical harmony™" =

Business Brief — Europe briefs tritain on EEC
decisions and opportunities. With hard news and fast
analysis. Every fortnight.

Subscription £40 a year (24 issues). Ask your
secretary to write or telephone for an order form.

IPC Business Press Ltd.
33-40 Bowling Green Lane,
Londen EC1R ONE.

H 116 business papers in the U.K. and 7 \ S
lpc 127 associate publications in Europe. , 4 o
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BIG REDUGTIONS

WITH JACKSON

CATALOGUE NO. 5870

The Jackson Friction Ball Drive Reduction Unit
is unique. Simply because it's the only one of it's
type and size available in the United Kingdom. It
has sealed lubrication, with a hardened steel
shaft and bearings to give it extra long life. And
it's low in price. The unit has a 10:1 reduction ratio,
with an output torque of 8 0z. ins. minimum.

Our skilled personnel can produce custom made
components to suit your individual needs. And
with 45 years of experience your guarantee is our
reliability.

Write for fully illustrated catalogue:

JACKSON BROTHERS
(LONDON) LIMITED

KINGSWAY, WADDON, CROYDON, CR9 4DG.

258 BROADWAY, NEW YORK, N.Y. 10007
TELEX NO. 946849

7 4 TEL:01-681 2754/7U.S.OFFICE:M.SWEDGAL,
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The M2B based on our well tried M2A has been completely
redesigned mechanically with a vertical construction that takes
only 5”x 5" of bench space. The carrying handle sits neatly on
top of the instrument or may be used as a rest when operated in
a sloping position. The A.C. frequency range is now 10 Hz to
1 MHz with amplifier output having a maximum gain of 600
times. A feedback circuit linearises the scales and readings start
at 60 microvolts. Input impedance on A.C. and D.C. is 10
Megohms.

12AC.RANGES
10Hz to1MHz
1.2mV FSD to 400V
“710dBm to+54dBm.
SDC.RANGES
120mV FSD to 400V,

FOR

(+ V.AT.
where applicable).

Further details about the new Linstead voltmeter available

upon request.
Lrrsiead

means a good deal
in electronics

Linstead Electronics, Roslyn Works, Roslyn Road,
London N15 5)B ‘lelephone: 01-802 5144
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This month’s cover picture, showing the
centre suspension of a Philips loudspeaker,
symbolizes the reproduction and artificial
production of sound — the subjects of
articles on amplifier design and sound

" synthesis in this issue.
(Photographer Paul Brierley)

In our next issue
(publication date August 20)

Homodyne receiver. Wide bandwidth, low
distortion tuner for a.m. sound broadcasts,
based on an integrated circuit synchronous
demodulator.

Total communications. Survey of “interactive”
two-way television developed from cable dis-
tribution, and its combination with telephone
systems.

ibpa
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Managing Director: George Fowkes
Administration Director: George H. Mansell
Publisher: Gordon Henderson
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400 H.F. Predictions

401 Electronic Dice by G. J. Naaijer
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408 Flat Display Tube in Colour
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414 Real and Imaginary by ‘‘Vector’
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Still the best
valuve for money
The D67 Dual-Trace 25|MHZ OSCITIOSOOpe

[1DC-25 MHz at 10mV /div At only £295* the D67 continues to offer the
low-cos:/high-performance value expected of
! g e . Telequipment. This all solid-state, dual-trace
O Vertical SIQnal delay portable instrumert features so many charms it has
z to be uszad to be believed. For example, the
] Delaymg sSweep dual-trace vertical system displays either channel
separately, adds channels algebraically, alternates
0 . . between channels or chops between channels.
[13% enspRgaccuracy The dasign includes regulated power supplies and
FET input circuits which provide minimum drift
[J TV frame or line triggering and fast stabilisation time —and that means accuracy!
You must egrae w-th the thousands of present
| Large, bright 8 x 10cm users that the D67 is the ideal choice and not just
mesh CRT another 25MH z oscilloscope ?

: Be first ir the queue! Write or telephone now for full
[ ] Weight 251b specificaticn and cemonstration.

Tektronix U.K. Ltd., Beaverton House,

- . P.0. Box 69, Harpenden, Herts.

oy : | Tel: Harpenden 61251
- - Telex: 25559
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Wireless World

Cost-effective instruments

It is a natural human trait to want the fastest, biggest (or smallest), widest, brightest
or, simply, most. Waste is another, less attractive characteristic of the human animal
and the two are inextricably involved.

In the field of electronics it is possible, by the relinquishment of large sums of
money, to obtain equipment which is able to perform feats which, if one pauses to
think, are little short of miraculous. For example, consider the timebase of an
oscilloscope; a sweep speed of 10ns per centimetre (which is often available) will
move the spot over one centimetre of screen in the time it takes for a beam of light
to travel about ten feet, or at a speed of about two and a quarter million miles per
hour. Or take a digital frequency meter with a crystal accuracy of 1 part in 10'°.
That is about one second in 300 years. These figures mean very little in practice,
of course, but they do illustrate the sort of thing that goes on without our giving it
a second thought.

The point of all this is that it seems likely that some of this staggering performance
is being bought and sold unnecessarily. Time was when an AVO 8 was all the voltage
and current measuring equipment considered necessary in the average, workaday,
laboratory and 98% was the nearest one wanted to get to the answer. Nowadays,
digital voltmeters offering quite incredible accuracies (at quite incredible prices)
can sometimes be seen looking at the output of a logic gate to determine whether
it is up or down. Digital frequency meters with errors of quite negligible orders
are used to plot the frequency/amplitude characteristics of audio amplifiers and we
all know of a company who possess a bright, shiny computer which rattles off a
payroll in thirty minutes flat and spends the rest of the week gazing into space.

There is some recent evidence that manufacturers of instruments are beginning
to realize that not everybody needs the type of equipment which can do eight things
at once when not even switched on. One or two oscilloscopes, for instance, have
been introduced. designed to perform the majority of work these instruments are
required to do and no more, with a very worthwhile saving in cost. One can see
the manufacturer’s problem; it is common to all makers of “status” equipment —
cars being the prime example. How can they produce instruments with reduced
specifications when their whole organization is geared to produce the most advanced
equipment that it is possible to make?

There is much to be said, however, for the concept of “fitness for the job™, and we
feel that if some of the bigger companies were to produce instruments at greatly
reduced prices, and at reduced specifications, while still possessing the workmanship
that made these companies’ reputations, they may be surprised by the response.
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Electronic Sound Synthesizer

First of three articles describing the operation and construction of
a modular system with manual or electronic voltage control of

synthesized waveforms

by T. Orr* tB.Sc. and D. W. Thomast Pl.D., M.I.E.R.E.

The electronic sound synthesizer is an
instrument that can generate a variety of
complex outputs, the parameters of which
are variable and are controlled by the
device itself. In its most common form, the
synthesizer is used as an electronic
musical instrument, wusually being a
monophonic keyboard device. It is also to
be found in more fixed purpose
applications, such as animal “alarm call”
generators.

Basically, the synthesizer is capable of
generating and processing signals, and by
employing such techniques as frequency
and amplitude modulation, filtering and
mixing, it is usually possible to produce a
desirable output. The feature that makes
the synthesizer unique from other
instruments, such as organs or electric
pianos, is iis voltage control capability.
This enables parameters such as
frequency, amplitude, modulation, attack
and reverberation, to be not only manually
controlled, but also electronically
controlled. Couple this voltage control
capability to a flexible programming unit
and the result is an instrument with an
enormous range of possible tone colours.
The versatility of the synthesizer can be
further extended by the inclusion of more
and more functional units, but this
approach is over-sophisticated. It is better
to try to analyse just what is required and
how best to achieve it. For instance, what
particular types of sounds should the
synthesizer generate; is it for instance,
going to be used as a piece of educational
equipment or for quantitatively synthesiz-
ing known waveforms, for example bird
calls, engine noises, spoken words etc?
This is the “deep end” of synthesizer
technology where a great deal of effort has
been expended for few returns. Where
reasonable returns have been achieved it
has been, generally, with computer back

up.

Sound synthesis

As a musical instrument the synthesizer is
well cast. The world of qualitative
descriptions is an ideal environment for a
machine that continually defies a
quantitative approach. The synthesizer is
often used to generate special effects and

+ University of Southampton.
* Now with Electronic Music Studios Ltd.

Manual control of the synthesizer’s
Jfunctions is provided by a control panel,
Jjoy-stick and keyboards. The patch panel
provides a means, together with voltage
summing networks, of linking the
internal functions.

(Below) Internal view of the synthesizer,
showing the modular construction. Each
board is a complete unit — the number of
units can be added to or reduced according
to the constructor’s needs.
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Fig. 1. Block schematic of the lotal system. J
can also be used to produce instance, brush drums), the pitch effects), envelope followers (that try to
pseudo-instrumental -~ sounds vie a information is low. This group of mimic instruments and voices), electronic

keyboard control, or by modifying real
instrument sounds. To synthesize implies
the process of generating a result by the
summation of many parts, and a musical
synthesizer should produce a musical
output by the summing of a group of
semi-musical elements. Musical instru-
ments produce sounds that have a
discernible harmonic structure, the
perceived sounds being the result of
exciting a resonant structure by
percussion, bowing, plucking or blowing.
The envelope of the signal is modified by
various sorts of damping and excitation,
and the pitch of the fundamental is either
pre-selectable or in some cases continu-
ously variable. To make an electronic
synthesis of a “pseudo-instrument”, a
‘'selection of resonators (oscillators) is re-
quired. These resonators should have a
variable multi-pitch  control  (voltage
controllable) with a large dynamic range
(about 2 x 10,) and possibly a selection
of different harmonic structures (sinewave,
square, ramp, etc which have different
harmonics; pure tones only have a limited
use). Three or four of these resonators
can be considered as 4 basic minimum
for any sort of modest synthesizer arrange-
ment. The signal amplitude from the
resonators must be controllable and so a
means of control (a voltage controlled
amplifier, the gain varying with respect to
a control voltage) and a source of control
(voltage control sources such as other
oscillators, joystick, keyboards, potentio-
meters, waveform generators etc) must be
provided. Also, a means is necessary of
bringing these units together so that they
interact (the patch panel and the voltage
summing networks).

When a rapid series of randomly
distributed percussions is initiated (for

“pitchless” sounds is characterized by the
lack of a significant harmonic structure
and can be synthesized by modifying the
amplitude and spectrum of a noise source.
When a musical instrument is played an
amount of reverberation is always
introduced, thus a means of adding a
controlled amount of reverberation is
provided.

The synthesizer is operated to its best
advantage using a set of keyboards.
However, no dynamic function — i.e. a
means of generating a louder note the
harder the key is pressed — has been
provided as in some other synthesizers. To
simulate a percussion envelope, a
waveform generator having a variable
exponential attack and decay has been
included. Other circuit functions are
included (described later) and these
combine with those wunits already
mentioned to produce a system that is
capable of generating a very large range of
special effects.

The total collection of units was chosen
after monitoring the format of
commercially available synthesizers. Such
items as oscillators, voltage controlled
amplifiers, noise sources, mixer, reverbera-
tion, patch panel, keyboard, voltage
controlled filter, and waveform generator
are common to most devices but unusual
items included are a joystick, summer/
inverter, exponential transfer function,
and a very low frequency noise source.
These units extend the range of special
effects that can be generated. Items that
appear in other synthesizers, but which
had to be left out due to time, space
and money limitations are: the internal
amplifier, loudspeaker, an input
preamplifier for microphone and pickups
(these provide some excellent electronic

two-way switches and a programmable
memory.

Faced with all the possible
combinations of units, the newcomer to
sound synthesis will probably be
somewhat at a loss to make any decisions
as to what units are needed to meet his
requirements. Firstly, the system is going
to need a power supply. If the synthesizer
is likely to be built in modules, which are
added when time and money permit, it is
advisable to allow a more than sufficient
power supply capability to enable an
unhindered growth. A current-limited
supply would be an improvement over the
one given later in this series. The amplifier
loudspeaker combination and the patch
panel are also essential. The heart of
the synthesizer is its oscillators; they
generate nearly all of the sound that is
produced.

The next most important are the
voltage-controlled amplifiers. These are
reasonable quality devices, but a cheap
f.e.t. modulator could be used if money is
tight. Such parameters as linearity and
harmonic distortion will suffer from this
particular economy. It now becomes more
difficult to decide which particular units
are most important, so they have been
grouped together; the audio mixer, noise
sources (coloured), voltage controlled
filter, reverberation, waveform generator
and keyboards. Lastly, probably the low
priority units are the joystick, sample and
hold, exponential transfer function,
summer /inverter, white and very low
frequency noise sources. Even though
these last units have the lowest priority,
they add considerably to the synthesizer’s
versatility. As a guide to cost, the
synthesizer described in this article was

produced for approximately £100. The
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performance of the machine, as with other
synthesizers, is not sufficient for it to be a
main instrument for live ‘performances,
due mainly to speed considerations in
setting up patches and pots. The only way
to obtain a versatile performance entirely
from the synthesizer is to use multi-track
recording techniques.

The system

The synthesizer may be considered as a
series of separate units, each with their
own respective sub-groupings (see Fig. 1).
Voltage controlled units

This 1s probably the most important set of
units, for it is these devices that have their

parameters  controlled by  external
electrical signals.
Voltage controlled oscillators. FEach

oscillator’s fundamental frequency is
controlled by the sum of the input control
voltages and a bias voltage, there being a
fixed relationship between the voltage and
frequency. From three oscillators,
several waveforms are simultaneously
available, these being sinusoidal, square,
triangular, sawtooth, variable mark /space
ratio, pulse and a sequential signal. The
operating ranges extend down to
frequencies of a fraction of 1Hz and to
frequencies above the audio range. These
oscillators perform all the frequency
modulation functions of the synthesizer.
Voltage controlled amplifiers. The gain of
the unit is linearly controlled by the sum
of the input control voltages and a bias
voltage. There are two v.c.as and these
provide all of the amplitude modulation
capacity.

Voltage controlled filter. This unit is a
bandpass filter, the value of the resonant
frequency being linearly proportional to
the sum of the input control voltages and a
bias voltage. The Q factor is manually
adjustable and increases linearly with
frequency.

Signal processors

The voltage controlled units require input
control signals and produce either control
or audio signals at their outputs. Note that
the distinction between control and audio
signals is not absolutc, but as a
generalization, control signals exist from
d.c. up to the low frequency end of the
audio spectrum. There is no physical
reason against control signals extending to
high frequencies, except that the effect is
rarely a pleasant one! By processing audio
and control signals, the range of outputs is
considerably enlarged.

Audio mixer and reverberation unit. These
two processors are only compatible with
audio signals as they are both a.c.
coupled. The mixer has three channels,
each channel having its own attenuator,
and there is also a master gain control.
The reverberation unit also has a gain
control and provides a source of
reverberation up to approximately 4kHz.
Summer /inverter and exponential transfer
function. These devices were designed
essentially for control signals, but audio
signals may also be used. Two of each are
used in the synthesizer. The summer /in-
verter has three inputs, two with a gain of
— 1, one with a gain of — 10.
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Fig. 3. Oscillator VCO  in block diagram form.

Sample and hold. This is the only form of
analogue memory provided. Sampling is
initiated by a positive input pulse that
causes the unit to sample the analogue
signal for a preset time. This signal is then
held for an unspecified period.

Noise sources

Three different outputs are simultaneously
available. The noise may be used as a
control signal or as an audio signal.

White noise. The noise source provides on
average a continuous flat spectrum (within
certain limits and tolerances).

Coloured noise source. The output noise
spectrum is arbitrarily variable and is
controlled by a conventional tone control
network.

Very low frequency noise source. One of
two v.Lf. outputs may be selected, the
signal’s function being a random control
voltage.

Control voltage sources

The units of this group generate control
voltages. and provide the main active link
between the operator and the synthesizer.
Joy stick control. Two bias voltages are
produced, one associated with each degree
of freedom of the device. By physically

moving the joystick, the bias voltages
change, the modified signals being linearly
proportional to the stick’s position.
Waveform generator. A “rectangular”
waveform with an exponential attack and
decay is generated, the process being
initiated by a manual or electronic signal.
The attack and decay time constant, and
the duration are all arbitrarily variable.
Key boards. A standard four-octave key-
board 1s used to generate a d.c. control
voltage, which is linearly proportional
to the key position. As the synthesizer
is essentially a monophonic instrument,
then only one key may be pressed at
a time. If two or more are pressed
simultaneously, the highest note is
automatically selected. Also a pulse is
produced at the start of each new note.
Three other units must be introduced
to complete the total system. The first
is the patch panel which enables the
rapid interconnection of units into any
desired configuration. Secondly, an
external amplifier and loudspeaker is
required. The third requirement is an
external feedback system with pattern
recognition facilities and a versatile comp-
lement of servo systems — an operator.
The selection of units may be varied
to suit one’s particular requirements.






