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Wireless World, December 1974 

presents ... 

the new component that is a ~~must" with every fine stereo system . .. 

the new Audio Frequency Equalizer 
guaranteed to improve any stereo system and 

guaranteed to improve any listening area environment I 

ROOM EQUALIZATION, SPECIAL EFFECTS, PLAYBACK and RECORDING 

EQUALIZING FOR ROOM CHANGES: For example, here are some factors that would 
call for definite changes in your Equalizer settings: (I) Draperies open or closed. 
(2) Sliding glass door open or closed. (3) Room full of people. (4) Seating arrange· 
ments changed. (5) Major changes in furniture arrangement. (6) Relocation of 
speakers . . .. EQUALIZATION OF RECORDS: You can compensate lor old 78 record 
deficiencies (surface noise, absence of highs or lows, etc.) or favorite recordings 
that have· never sounded quite the way you felt they should sound .... COMPEN­
SATING FOR RADIO STATIONS: Some stat ions are noted for excesses in either low or 
high lrequencies. Make out a Computone Chart for each of your favorite stations 
so that you can easily achieve the ideal tonal response each time you change 
slations . .. . EQUALIZING TAPES: Compensating for pre-recorded, or home-recorded, 
tapes that are under or overemphasized in certain frequency areas . ... CHANGING 
OVERALL BALANCE: You can make up for many deficiencies in recordings to more 

accurately duplicate the sounds of the original performance, or shape each curve 
to your own listening interests to greatly enhance your enjoyment of your record· 
lngs . .. . SPECIAL EFFECTS: You can boost or cut the loudness of a specific instru­
ment or groups of instruments to obta in more pleasing instrumental ba lance or. 
to add presence to a solo .. .. IMPROVING RECORDING OF TAPES: Use the Equalizer 
for tape dubbing, to create a near-perfect tape out of one that may have serious 
deficiencies. (Make your own corrected recording of records, station programming, 
or other tapes, and no further adjustment of the Equalizer wi ll be needed for 
playback.) (See Operating Instructions) . •.. 

COMPUTONE CHARTS: Alter you have 
achieved the equalization of sound that you prefer use the Computone Charts, 
supplied with each Equalizer. to mark the settings, so that you can duplicate the 
settings easily. 

SPEC/FICA TIONS and SPECIAL FEATURES 
TOROIDAL and ferrite-core inductors, ten octave-bands per channel. 
FREQUENCY response: = V. db from 20·20, 480 Hz at zero settine. 
HARMONIC DISTORTION: Less than .1% THO @ 2 v .• Typ; .05% @ 1 v. 
IM DISTORTION: Less than .1 % @ 2 v ., Typ: .OS% @ 1 v. 
SIG NAL-TO-NOISE RATIO: Better thon 90 db @ 2v. input . 
INPUT IMPEOANCE: Ope;able from any source lOOK ohms or less -

(.any Hi-Fi Pre-amp, Receiver or Tape Recorder.) 
OUTPUT IMPEDANCE: Operable into 3K ohms or ereate r -

fa ny Hi·Fi Amp, Receiver or Tape Recorder.) 
CIRCUIT BOARDS: Military grade G-1 0 glass epoxy. 
RESISTORS: low-noise selected carbon·folm. 

RANGE: 12 db boost and 12 db cut. each octave. 
·MASTER OUTPUT LEVEL: " f requency-spectrum-revel" controls for left and 
riBht channels, continuously variable 18 db range, for unity eain 
compensation f rom min us 12 db lo pius 6 db . 
MAXIMUM OUTPUT SIGNAl: variable Master " frequency spectrum level" 
Controls allow a'djustment o f optimum outout vortage for each channel, to 
exactly match amplifier capaboloty, up to 7 v. 
SiZE: designed to coordinate with recetvers. r.omes installed in handsome 
walnut·gtained wood receiver-s;ze case. 5% .. x J 8 · '¥ 11 ··. or raclic ·mount 
WARRANTY: 2-year parts and ra bor. 

Send for FREE BOOKLET: .. Whys and Hows of Equalization·· 
Plus list of Franchised Dealers to Sole UK Distributor: 

Soundcraftsmen Dept SW12 
Gale Electronics & Design Limited 
39 Upper Brook Street London W1V 1PE 
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the new Audio Frequency Equalizer 

guaranteed to improve any stereo system and 

guaranteed to improve any listening area environment! 
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ROOM EQUALIZATION, SPECIAL EFFECTS, PLAYBACK and RECORDING 

EQUALIZING FOR ROOM CHANGES: For example, here are some factors that would 
call for definite changes in your Equalizer settings: (1) Draperies open or closed. 
(2) Sliding glass door open or closed. (3) Room full of people. (4) Seating arrange- 
ments changed. (5) Major changes in furniture arrangement. (6) Relocation of 
speakers. , EQUALIZATION OF RECORDS: You can compensate for old 78 record 
deficiencies (surface noise, absence of highs or lows, etc.) or favorite recordings 
that have never sounded quite the way you felt they should sound,,,, COMPEN- 
SATING FOR RADIO STATIONS: Some stations are noted for excesses in either low or 
high frequencies. Make out a Computone Chart for each of your favorite stations 
so that you can easily achieve the ideal tonal response each time you change 
stations EQUALIZING TAPES: Compensating for pre recorded, or home-recorded, 
tapes that are under or overemphasized in certain frequency areas. . . . CHANGING 
OVERALL BALANCE: You can make up tor many deficiencies in recordings to more 

accurately duplicate the sounds of the original performance, or shape each curve 
to your own listening interests to greatly enhance your enjoyment of your record- 
ings. . . SPECIAL EFFECTS: You can boost or cut the loudness of a specific instru- 
ment or groups of instruments to obtain more pleasing instrumental balance or 
to add presence to a solo.... IMPROVING RECORDING OF TAPES: Use the Equalizer 
for tape dubbing, to create a near-perfect tape out of one that may have serious 
deficiencies. (Make your own corrected recording of records, station programming, 
or other tapes, and no further adjustment of the Equalizer will be needed for 
playback.) (See Operating Instructions)  

COMPUTONE CHARTS; Alter you have 
achieved the equalization of sound that you prefer use the Computone Charts, 
supplied with each Equalizer, to mark the settings, so that you can duplicate the 
settings easily. 

SPECIFICATIONS and SPECIAL FEATURES 

roffO/DAL and ferrite-core inductors, ten octave-bands per channel. 
FREQUENCY response: -'/? db from 20-20. 480 Hz at zero setting 
HARMONIC DISTORTION: Less than .1% THD {® 2 v., Typ. .05% @ 1 v IM DISTORTION: Less than .1% @ 2 v., Typ: -05% (5) 1 v. 
SIGNAL-TO-NOISE RAT/0: Better than 90 db @ 2v. input. 
INPUT IMPEDANCE: Operable from any source 100K ohms or less — 

(any Hi-Fi Pre-amp, Receiver or Tape Recorder.) 
OUTPUT IMPEDANCE: Operable into 3K ohms or greater — 

fany Hi-Fi Amp, Receiver or Tape Recorder.> 
CIRCUIT BOARDS: Military grade G-JO glass epoxy. 
RESISTORS: Low-noise se/ecfed carbon-fifm. 

RANGE; 12 db boost and 12 db cut. each octave. 
MASTER OUTPUT LEVEL: "Frequency-spectrum-level" controls for left and 
right channels, continuously variable 18 db range, for unity gain 
compensation from minus 12 db to plus 6 db. 
MAXIMUM OUTPUT SIGNAL: variable Master "frequency spectrum level" Controls allow adjustment of optimum output voltage for each channel, to 
exactly match amplifier capability, up to 7 v. 
SIZE: designed to coordinate with receivers, comes instaiied in handsome 
wa'nuf-grained wood receiver-size case. 
WARRANTY: 2-year parts and labor 

5 •'/, "* J 8 x 11 • or rack-mount 

Send for FREE BOOKLET: "Why's and How's of Equalization 

Plus list of Franchised Dealers to Sole UK Distributor: 

Soundcraftsmen Dept SW12 

Gale Electronics & Design 

39 Upper Brook Street London W1Y1PE 

ww—001 FOR FURTHER DETAILS 



Wireless World, Decemf>er 1974 al 

LOW COST RC OSCILLATORS 

LEVELL 
PORTABLE INSTRUMENTS ~----------------------~ 

• 
LEVELL ELECTRONICS LTD. 
Moxon St reet, High Barnet, Herts. EN5 5SD 
Tel : 01-449 5028/440 8686 

ANALOGUE 
FREQUENCY 

ACCURACY 

SINE OUTPUT' 

3Hz to 300kHz in 5 ranges. 

±2% ±0.1 Hz up to 1OOkHz, 
increasing to ± 3% at 300kHz. 

2.5V r.m.s. down to < 200f.IV. 

DI STORTION <0.2%from 50Hz to 50kHz. 

SQUARE OUTPUT 2.5V peak down to< 200J.LV. 

SYNC. OUTPUT 

METER SCALES 

SIZE & WEIGHT 

TG1520 

Without ~46 
meter. L ' 

2.5V r.m.s. sine. 

0/2.5V &-1 0/+1 OdB on TG152DM. 

7" high x 1 0~,. wide x 5!" deep. Sibs. 

TG1520M 

With 
meter. £56 

FREQUENCY 1Hz to 1 MHz in 12 ranges. Ace.= 2% 
:=0.03Hz. 

SINE OUTPUT 7Vr.m.s. down to <200f.1Vwith Rs 
= 600fl 

DISTORTION <0.1%to5V, <0.2%at7Vfrom 10Hz 
to 1OOkHz. 

SQUARE OUTPUT 7V peak down to <200f.IV. Rise time 
<150nS. 

SYNC. OUTPUT 
SYNC. INPUT 
METER SCALES 

SIZE & WEIGHT 

> 1 V r.m.s. sine in phase with output. 
± 1% freq.lock range .per volt r.m.s. 
0/2V, 0/7V & - 14/+SdBm. on 
TG200M & DM only. 
7" high X 1 0~" X 5;;" deep. 10 lbs. 

TG200 
Sine 0/P 

TG200D 
Sine & Sq. 0/P. 

TG200M 
Sine 0/P 
+ meter. 

TG2000M 
Sine & Sq .O/P 

+met er. 

£55 

FREQUENCY 

ACCURACY 

SINE OUTPUT 
DISTORTION 

METER SCALES 
SIZE & WEIGHT 

TG66B 

£58 £65 £68 

DIGITAL 
0.2Hz to 1.22MHz on four decade 
controls. 
= 0.02Hz below 6Hz 
- 0.3% from 6Hz to 1OOkHz 
= 1%from 100kHz to 300kHz 
± 3% above 300kHz. 
5V r.m.s. down to 30!1V with Rs=600fl 
<0.15% from 15Hz to 15kHz. 
<0.5% at 1.5Hz and 150kHz. 
2 Expanded voltage & -2/ +4dBm. 
7" high X 1 0~• wide X 7* deep. 121bS. 

TG66A 

Battery £150 
model. Mains& £170 

battery model. 

Prices include batteries and U.K. delivery. VAT extra. 
Optional extras are leather cases and mains power units. 
Send for data covering our range of portable instruments. 
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LOW COST RC OSCILLATORS 

LEVELL 

PORTABLE INSTRUMENTS 
ANALOGUE 

FREQUENCY 
ACCURACY 

SINE OUTPUT ' 
DISTORTION 
SQUARE OUTPUT 
SYNC. OUTPUT 
METER SCALES 
SIZE & WEIGHT 

TG152D 
Without 
meter. £46 

SHzto SOOkHz in 5 ranges, 
±2% ±0,1 Hz up to 100kHz, 
increasing to ±3% at 300kHz. 
2.5V r.m.s. down to < 200(iV. 
< 0.2% from 50Hz to 5CkHz. 
2.5V peak down to <200(jV. 
2.5V r.m.s. sine. 
0/2.5V Ef —10/+1 OdB on TGI 52DM. 
7" high x 10J" wide x 5^" deep, 8 lbs. 

TG152DM 
With 
meter. £56 

FREQUENCY 

SINE OUTPUT 

DISTORTION 

SQUARE OUTPUT 

SYNC. OUTPUT 
SYNC, INPUT 
METER SCALES 

SIZE & WEIGHT 

1 Hz to 1 MHz in 12 ranges. Acc. ± 2% 
±0,O3Hz. 
7V r.m.s. down to <200(iVwith Rs 
- 600 0 
<0.1% to 5V, <0.2% at 7V from 10Hz 
to 100kHz. 
7V peak down to <200|jV, Rise time 
<1 50nS, 
> 1V r.m.s. sine in phase with output. 
±1%freq. lock rangepervoltr.m.s. 
0/2V, 0/7Va—14/±6dBm.on 
TG200M & DM only. 
7'highxl0s"x53"deep. lOlbs. 

TG200 
Sine O/P 

TG200D TGZOOM TG200DM 
Sine 8i Sq. O/P. Sine O/P Sine 8<Sq.O/P 

meter. + meter. 

£55 £58 £65 £68 

DIGITAL 

FREQUENCY 

ACCURACY 

SINE OUTPUT 
DISTORTION 

METER SCALES 
SIZE a WEIGHT 

TG66B 

S £150 

0,2Hz to 1.22M Hz on four decade 
controls. 
~0.02Hz below 6Hz 
—0.3% from 6Hz to 100kHz 
= 1%fram 100 kHzto300kHz 
±3% above 300 kHz, 
5V r.m.s. down to 30jiV with Rs=6000 
<0.15% from 1 SHzto 15 kHz. 
<0.5% at 1.5Hz and 150kHz. 
2 Expanded voltage a—2/+4dBm. 
7" high x 10J° wide x 7' deep. 12 lbs. 

TG66A 
Mains £t 
battery model. £170 

LEVELL ELECTRONICS LTD. 
Moxon Street, High Barnet, Herts. EN5 5SD 
Tel; 01-449 5028/440 8686 

Prices include batteries and U.K. delivery VAT extra. 
Optional extras are leather cases and mains power units. 
Send for data covering our range of portable instruments. 
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After we've introduced 
our new models, we'll let them 

speak for themselves. · 
On the"left, our new portable dual-trace 

oscilloscope, the S0-4510. On the right, our new 
function generator, the SG-1271. 

Both are in our assembled instrument catalogue, 
although soon they'll also be available in kit form. 

And, coming from Heathkit, the world's largest 
makers of electronic kits, they have a lot of advantages. 

Every component, for instance, has to be a lot 
more rugged and reliable than the components in 
nm of the mill equipment. 

S0-4510 
DC-15 MHz band""1dth. 
Dual trace 
1m VI em input sensitivity. 
All major circuitry on five removable circuit boards for easy 
servicing. 
Time base sweep to 100 ns/ em. 
Vertical delay lines provide at least 20 ns of pretrigge,-_ed 
waveform for complete signal display. 

With the result that Heathkit equipment is of 
very high quality. And being specifically desig~1ed to 
permit easy servicing, makes a very good investment. 

For full details just post the coupon and we'll 
send you your free Heathkit catalogues. Or call in at 
the London Heathkit <=entre,233 Tottenham Court 
Road, or at our showroom in Bristol Road, Gloucester. 

Meanwhile we'll just let the facts speak for 
themselves. 

Heath (Gloucester) Limited,DeptWWl24, 
Bristol Road, Gloucester, GL2 6EE. Tel: (0452) 29451. 

SG-1271 
FTet}uency range ofO.l Hz to 1MHz. 
Sine, square or triangle waveforms. 
Calibrated attenuation from 0 to 50 dB in 10 dB steps. 
Output 10 volts peak to peak. 
Frequency accuracy of± 3% offull scale on dial. 
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After we've introduced 

our new models, we'll let them 

speak for themselves. 

On the left, our new portable dual-trace 
oscilloscope, the SO-4510. On the right, our new 
function generator, the SG-1271. 

Both are in our assembled instrument catalogue, 
although soon they'll also be available in kit form. 

And, coming from Hcatlikit, the world's largest 
makers of electronic kits, they have a lot of advantages. 

Every component, for instance, has to be a lot 
more rugged and reliable than the components in 
run of the mill equipment. 

With the result that Heathkit equipment is of 
very high quality. And being specifically designed to 
permit easy servicing, makes a very good investment. 

For full details just post the coupon and we'll 
send you your free Heathkit catalogues. Or call in at 
the London Heathkit Centre,233 Tottenham Court 
Road, or at our showroom in Bristol Road, Gloucester. 

Meanwhile we'll just let the facts speak for 
themselves. 

Heath (Gloucester) Limited, DeptWW124, 
Bristol Road, Gloucester, GL2 6EE. Tel: (0452) 29451. 

m 

SO-4510 
DC-15 MHz bandwidth. 
Dual trace 
1 mV/cm input sensitivity. 
All major circuitry on five removable circuit boards for easy 
servicing. 
Time base sweep to 100 ns/cm. 
Vertical delay lines provide at least 20 ns of pretriggered 
waveform for complete signal display. 

SG-1271 
Frequency range of 0.1 Hz to 1 MHz. 
Sine, square or triangle waveforms. 
Calibrated attenuation from 0 to 50 dB in 10 dfi steps. 
Output 10 volts peak to peak. 
Frequency accuracy of ± 3% of full scale on dial. 

mm To: Heath (Gloucester) Limited, DeptWW124, Gloucester, GL26EE. i—i j 1 
Please send me my free Heathkit catalogues of assembled instruments I I kits I I 

Name. . Address. 

. Postcode Schlumbergei 
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ADDERS mEADS mETERS ... 
PRESTIGE RANGE 

• High accuracy and stability 

• Clear Sperry Display 

• Automatic zero-ing 

• High noise rejection (78 db CMR) 

• Extremely versatile 

• Competitive prices. 

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

Vulcan Moving Iron. 4 
models, 1·5H, 1 ·86

, 2·7n, 
3·7" scales. Voltmeters, 
ammeters and motor 
starting meters. 

Regai·Range 1 oo• 
flartened arc. 2 models 
2.5H and 3.2n scales. Taut 
band. DC moving coil and 
AC moving coil rectified. 

Profile 350 edgewise 
4·3n scale. 
DC moving coil and AC 
moving coil rectified. 
Horizontal or vertical 
mounting. 

Send fo1 fully illustrated catalogue 

ANDERS 

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

Recorders 60 or 120 mm. 
charts. Non-ink marking. 
DC moving coil and AC 
rect if ied. 

Stafford Long Scale 240°. 
6 models, 3·5"-11·5* 
scales. DC moving coil, 
AC moving coil rectified, 
AC moving iron. Also 98° 
scale. 

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

Lancaster Long Scale 
240°. 2 models, 4H, 5·5n 
scales. DC moving coil 
and AC moving coil 
rectified. 

ADDERS ElE[JR001[5 umiTED 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 9092. 

Manufacturers and distributors of Electrical Measuring Instruments. Sole U.K. d istributors of FRA HM Resonant R.eed Frequency 
Meters and Tachometers. Manufacturers of purpose bui lt electrical and electronic .equipment to customers' requirements. 

WW---%8 FOR FURTHER DETAILS 

Wireless World, December 1974 a3 

nnoERS mcnns mciERS 

PRESTIGE RANGE 

■ High accuracy and stability 

■ Clear Sperry Display 

■ Automatic zero-ing 

■ High noise rejection (78 db CMR) 

■ Extremely versatile 

■ Competitive prices. 
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ANDERS 

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

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

Vulcan Moving Iron. 4 
models. 1 -5", 1 -8", 2 T. 
3-7" scales. Voltmeters, 
ammeters and motor 
starting meters. 

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

->■ 

40 

20 

Profile 350 edgewise 
4-3" scale. 
DC moving coil and AC 
moving coil rectified. 
Horizontal or vertical 
mounting. 

Send for fully illustrated catalogue 

nnoERS iiEiTRonics umiiED 

Recorders 60 or 120 mm. 
charts. Non-ink marking. 
DC moving coil and AC 
rectified. 

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

uA 

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

miiUKKStS 
D C. 

Lancaster Long Scale 
240". 2 models, 4", 5-5" 
scales. DC moving coil 
and AC moving coil 
rectified. 

48/56 Bayham Place, Bayham Street, London, N.W.I. Telephone 01-387 9092. 

Manufacturers and drstributors of Electrical Measuring Instruments. Sole U.K. distributors of FRAHM Resonant R.eed Frequency 
Meters and Tachometers. Manufacturers of purpose built electrical and electronic equipment to customers' requirements. 
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British colour tv 
Mullard quality 

The standards of performance and 
reliability demanded of today's colour 
television sets mean that component 
quality- even of low cost devices 
p roduced in millions-must be of the 
highest order. An average colour set 
incorporates well over 700 individual 
electron ic devices, and if it is to 
achieve its reliability target the fa ilure 
rate of its components must be 
equivalent to only one fault in ~ix 

British colour tv 

Mullard quality 

The standards of performance and 
reliability demanded of today's colour 
television sets mean that component 
quality-even of low cost devices 
produced in millions-must be of the 
highest order. An average colour set 
incorporates well over 700 individual 
electronic devices, and it it is to 
achieve its reliability target the failure 
rate of its components must be 
equivalent to only one fault in six 



standards go on getting higher. 
helps keep up the good work ... 
million component hours. 

Unreliable products mean more 
servicing, more reolacements, more 
guarantee claims ... dissatisfied 

·customers ... so you won't save any 
money by leaving component quality 
to chance. Unknown components 
mean that your goods inward testing 
has to be much more stringent too. 

Remember that quality can't be 
'tested into' o component after it's 
been made. It's a function of every 
step from initia l design and row 

material speci'icotion right through 
each production process to the 
finished product. 

We hove developed a series of 
quality assurance criteria which ore 
applied throughout the Mulford 
organisation wherever actions or 
decisions con affect quality, however 
indirectly. 
• Quality targets ore clearly defined 

far o il components. 
• Test specifications cover all 

approved applications. 
• Procurement specifications define 

essential quality requirements for 
outside suppliers. 

• Manufacturing specifications ore 
precise on all focto-s affecting 
quality. 

• Accelerated test procedures ore 
continually re-evaluated and 
stringent control is exercised on 
early life failures. 

• Regular quality cost analysis is used 
to show whether costs incurred ore 
to the best advantage of the user. 

Mulford has an unrivalled nome for 
the quality and reliability of the 
components it produces. We intend to 
keep it that way. 

Mullard 
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standards go on getting higher, 

helps keep up the good work... 

million component hours. 
Unreliable products mean more 

servicing, more reolacements, more 
guarantee claims ... dissatisfied 
customers ... so you won't save ony 
money by leaving component quality 
to chance. Unknown components 
mean that your goods inward testing 
has to be much more stringent too. 

Remember that quality can't be 
'tested info'a component after it's 
been made. It's a function of every 
step from initial design and raw 

material specification right through 
each production process to the 
finished product. 

We have developed a series of 
quality assurance criteria which are 
applied throughout the Mullard 
organisation wherever actions or 
decisions can affect quality, however 
indirectly. 
• Quality targets are clearly defined 

for all components. 
• Test soecifications cover all 

approved applications. 
• Procurement soecifications def'ne 

essential quality requirements for 
outside suppliers. 

• Manufacturing specifications are 
precise on oil facto's affecting 
quality. 

• Accelerated test procedures are 
continually re-evaluated and 
stringent control is exercised on 
early life failures. 

• Regular quality cost analysis is used 
to show whether costs incurred are 
to the best advanrcge of the user. 

Mullard has an unrivalled name far 
the quality and reliability of the 
components it produces. We intend to 
keep it that way. 

Mullard 
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Understand the latest 
developments in calculators, 
computers, watches, telephones, 
television. automotive instrumentation ••• -
Each of the 6 volumes of this self-instruction 
course measures 11 %" x 8%" and contains 60 
pages packed with information, d iagrams and 
questions designed to lead you step-by-step 
through number systems and Boolean algebra, 
to memories, counters and simple arithmetic 
ci rcuits, and on to a complete understanding of 
t he design and operation of calculators and 
computers. 

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

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

In 4 volumes: 

1. Basic Computer Logic 
2. Logical Circui t 

Elements 
3. Designing Circuits to 

Carry Out Logical 
Functions 

4. Flip flops and Registers 

Offer Order this together 
with Design of Digital 
Sy stems for the bargain 
price of £9.25. 

Design of Digital Systems contains over twice as much 
information in each volume as the simpler course. Digital 
Computer logic and Electronics. All the information in the 
simpler course is covered as part of the first volumes of 
Design of Digital Systems which, as you can see from its 
contents. also covers many more advanced topics. 

Designer 
Manager 
Enthusiast 
Scientist 
Engineer 
Student 

These courses were wr itten so that you could teach 
yourself the t heory and application of digital logic. 
Learning by self-instruction has the advantages of 
being quicker and more thorough than classroom 
learning. You work at your own speed and must 
respond by answering questions on each new piece 
of information before proceeding to the next. 

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

Design of Digital Systems 
A Salt - Instruction Course in 6 Volumes 

1 Computer Arithmetic 

2 Boolean LoQic 

3 Arithmetic Circuits 

4 Memories & Counters 

5 ·Calculator Design 

6 Computer Architecture 

£5.95 
including packing and 
surface post anywhere in 
the world (VAT zero 
rated) . Payments m ay 
be made in foreign 
currencies. Quantity 
discounts are available 
on request. Total packaged 
weight does not exceed 41b 
- please allow enough 
extra for air mail. 

r- -------------------------~ 
To: Cambridge Learning Enterprises, 
FR EEPOST. St. lves. Huntingdon. Cambs PE1 7 4 BR. 
*Please send me ..... set (s) of Design of Digital 
Systems at £5.95 each, 

*or ..... set(_s} of Digital Computer Logic and 
Electronics at £3.95 each, 

*or ..... combined set(s) at £9.25 each. 

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

Address ............................................................. . 
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New Course in Digital Design1" 

Understand the latest 

developments in calculators, 

computers, watches, telephones, 

television, automotive instrumentation  

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

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

Digital Computer 
Logic and 
Electronics 

Book ^ 

8$ 

Also available — a more 
elementary course assuming 
no prior knowledge except 
simple arithmetic. 
In 4 volumes: 
1. Basic Computer Logic 
2. Logical Circuit 

Elements 
3. Designing Circuits to 

Carry Out Logical 
Functions 

4. Flip flops and Registers 

Offer Order this together 
E with Design of Digital 
J m Ca W l,,,* Systems for the bargain 

W W p&p price of £9.25. 
Design of Digital Systems contains over twice as much 
information in each volume as the simpler course, Digital 
Computer Logic and Electronics. All the information in the 
simpler course is covered as part of the first volumes of 
Design of Digital Systems which, as you can see from its 
contents, also covers many more advanced topics. 

Designer 
Manager 
Enthusiast 
Scientist 
Engineer 
Student 

These courses were written so that you could teach 
yourself the theory and application of digital logic. 
Learning by self-instruction has the advantages of 
being quicker and more thorough than classroom 
learning. You work at your own speed and must 
respond by answering questions on each new piece 
of information before proceeding to the next. 

Guarantee-no risk to you 

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

Design of Digital Systems 

A Self-Instruction Course in 6 Volumes 

1 Computer Arithmetic 

2 Boolean Logic 

3 Arithmetic Circuits 

A Memories & Counters 

5 Calculator Design 

6 Computer Architecture 

Design of 
Digital Systems 

Book 1 
£6.95 
including packing and 
surface post anywhere in 
the world (VAT zero 
rated). Payments may 
be made in foreign 
currencies. Quantity 
discounts are available 
on request. Total packaged 
weight does not exceed 41b 
—please allow enough 
extra for air mail. 

To: Cambridge Learning Enterprises, 
FREEPOST, St. Ives. Huntingdon, Cambs PE17 4BR. 
"Please send me set(s) of Design of Digital 
Systems at £5.95 each, 

"or set(s) of Digital Computer Logic and 
Electronics at £3.95 each, 

"or combined set{s) at £9.25 each. 

Name  

Address., 

*delete as applicable. 
No need to use a stamp—just print FREEPOST on the envelope. 
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4X5-!X 2tin. 

TL60 
5X5X3in. * 60 w atts RMS 

continuous sine 
wave output * 2 A.C.A. 1 50 watt 1 5 
amp t ransist ors 

£11·50 

MANUFACTURERS OF 
ElECTRONIC & 
AMPLIFICATION 
EQUIPMENT. AlSO 
OUALilY TRANSISTOR 
EQUIPMENT. 
OPEN MO~SAT 
9.30anH>.OOpm. 

TL100 
5 X 5 X 3in. 

* 100 watts R.M.S. con­
t inuous sine wave out-

a7 

* 4 R.C.A. 150 watt 15 
amp output transistors * 125 watts AMS 
continuous sine wave 
output 

7X6tX3in. 

£17·00 * 30 w atts RMS continuous sine wave output * 2 R.C.A. 4 0 watt output transistors £13•20 * ~u~.C.A. 1SOwatt 15 amp 
tra ns1stors 

TUAC DISCOTHEQUE MIXER 
WITH AUTO FADE £26·50 

* Rugged layer wound driver transformer * Shon- Open....:and Thermal overload 
protection * Only 6 connections 

PANEL SIZE 18 X 4t in. DEPTH 3 in. 

Specification on all power modules: All output 
power ratings ± 1 d B: Output impedance 8-15 
ohms; THO at full po<Ner 2% typically 1%: Input 
sensitivity 60mV into 10k0; Frequency response 
20Hz- 20kHz ± 2dB; Hum and noise better than 
-70dB. 

HOW TO ORDER 
BY POST 

Make cheques/P.O's payable 
to TUAC (INW). OR QUOTE 
ACCESS/BARCLAY CARD 

NO. and post to 
TUAC LTD (INW) 

163 MITCHAM ROAD. 
LONDON SW17 9PG. 

We accept phone orders 
against ACCESS/Barclay 

Card Holders. 
Phone 672-3 137 . 

Specification: Deck lnputs- 50mV into 1 mO; 
Deck Tone Controls *Treble +20 - 1 OdB at 
12kHz. Basi + 22 -1 5dB at40Hz: Micinput-
200 ohms upwards . 2mV into 1 OkO: M ic Tone 
Control- Tot al Variation Treble 15dB. Total 
Variation Bass 10dB; Tape input-30mV into 
47k0; Power Aequirements-30-45 volts at 
100mA. 

Power supplies 
vacuum impreg­
nated Transformers 
with supply board 
incorporating pre-amp 
supply : 
PS 125 ± 50 volts for one TP125 
PS 100 ± 45 volts for one TL 10.0 
PS 60 ± 4 0 vol ts for one TL60 
PS 30 ± 50 volts for one TL30 
PSU 2 for supplying disco mixer 

£11·50 
£1().60 
£9·30 
£6·85 
£4-65 

3 CHANNEL 
LIGHT MODULATOR 
• R.C.A. 8 Amp Triats • 1 OOOW pes- channel 
• Each channel fully suppressed and fused 

• Master control to operate from 1 W to 1 DOW 
e Full wave control-12 easy connections 

£ 14• 9 0 Single Channel Version £6·60 

ALL PRICES INCLUDE V.A.T. 
POST & PACKING FREE 

PREAMPLIFII:RS 
All TUAC audio modules are constructed on glass fibre P.C. board. 
are ready assembled and fully tested. low noise silicon and FET 
transistors together with H.$. carbon film resistors are used 
throughout. Extensive research has gone into various wide range 
tone contrOl circuits producing superb sound quality from any 
signal. 

VAOS Vol. Treble. Mid and Bass controls. Hi. IMP. FET. 
1/P. suitable Mid. Guitar, Radio. CryStaVCeramic 

P.U. Sensitivity 4mV. Treble +35dB at 16kHz. Mid +20 - 15dB 
at1 Hz. Bass +20 - 10dB at 40Hz. £

4
.
90 

VA06 

Stockists- Callers only. 
A1 . MUSIC CENTRE. 88 Oxford St. Manchester 1. Tel. 061-236.0340. 
BRISTOl DISCO CENTRE. 86 Stoke Croft. Bristol1. Tel. Bristol41666. 
CALBARRIE AUDIO. 88 Wellington St. Luton. Beds. Tel. Luton 411733. 
SO COOl, 9 The Friars, Canterbury, Kent Tel. CanteriMiry 60948. 
WEC UGHTING. 35 Northam Road:Southampton. Tel. Southampton 28102. 
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TRANSISTOR UNIVERSAL AMPLIFICATION CO.LTD. 
163 MITCHAM RD-LONDON SW179PG 01-672 3137/9080 

MANUFACTURERS OF 
ELECTRONIC & 
AMPLIFICATION 
EQUIPMENT. ALSO 
QUALITY TRANSISTOR 
EQUIPMENT. 
OPEN MON-SAT 
9.30ani-6.00pm. 

NEWTUAC POWER MODULES 
offering more power and 
quality than ever before 

+ 4 R.C.A. 150 watt 15 
amp output transistors 
★ 125 wans RMS 
continuous sine wave 
output 

TP125 
7x6ix3in. 

£1700 

TL30 
4X5lx2|in. 

£930 

30 watts RMS continuous sine wave output 
2 R.C.A. 40 watt output transistors 

TUAC DISCOTHEQUE MIXER 

WITH AUTO FADE £26-50 

TL60 
5x5x3in. 
★ 60 watts RMS 

continuous sine 
wave output 

★ 2 R.C.A. 150 watt 15 
amp transistors 

£11-50 

£13-20 

TL100 
5x5x3in. 

100 watts R.M.S. con- 
tinuous sine wave out- 
put 
2 R.C.A. 150 watt 1 5 amp 
transistors 

* Rugged layer wound driver transformer 
* Shore—Open—and Thermal overload 
protection 
* Only 6 connections 

PANEL SIZE 18 X 4^ in. DEPTH 3 In. 

aura 

Designed for the discerning D.J. of professional 
standard. Offering a vast variety of functions. 
Controls: Mic Vol: Tone, over-ride depth; auto/ 
Manual Sw: Tape Vol: L & R Deck Faders: Deck 
Volume: Treble and Bass: H. Phon Vol Selector; 
Master Vol On/Off Sw. Max output IV RMS. 

Specification: Deck Inputs—50mV into ImO; 
Deck Tone Controls ^Treble +20 — 10dB at 
12kH2. Bass +22 -1 5dB at 40H2: Mic input— 
200 ohms upwards. 2mV into 10kQ: MicTone 
Control—Total Variation Treble 15dB. Total 
Variation Bass 10dB: Tape input—30mV into 
47k0: Power Requirements—30-45 volts at 
100mA. 

Specification on all power modules: All output 
power ratings +1dB: Output impedance 8—15 
ohms: THD at full power 2% typically 1%: Input 
sensitivity 60mV into 10kQ: Frequency response 
20H2-20kHz ±2dB: Hum and noise belter than 
—70dB. 

Power supplies 
vacuum impreg- 
nated Transformers 
with supply board 
incorporating pre-amp 
supply: 
PS 125 ± 50 volts for one TP125 
PS 100 ± 45 volts for one TL100 
PS 60 ± 40 volts for one TL60 
PS 30 ± 50 volts for one TL30 
PSU 2 for supplying disco mixer 

HOW TO ORDER 
BY POST 

Make cheques/P.O's payable 
to TUAC (WW). OR QUOTE 
ACCESS/BARCLAY CARD 

NO. and post to 
TUAC LTD (WW) 

163 MITCHAM ROAD, 
LONDON SW17 9PG. 

We accept phone orders 
against ACCESS/Barclay 

Card Holders. 
Phone 672-3137. 

NEW! 

3 CHANNEL 

LIGHT MODULATOR 

• R.CA 8 Amp Triacs • 1000W per channel 
• Each channel hilly suppressed and fused 
• Master cantroi to operate from 1Wto 10DW 
• Full wave control—12 easy connerdons 

£14-90 Single Channel Version £660 

PREAMPLIFIERS 
All TUAC audio modules are constructed on glass fibre P.C. board, 
are ready assembled and fully tested. Low noise silicon and FET 
transistors together with H.S. carbon film resistors are used 
throughout. Extensive research has gone into various wide range 
tone control circuits producing superb sound quality from any 
signal. 
\§ Mk f\Q Vol. Treble. Mid and Bass controls. Hi. IMP, FET. V/\^0 l/P. suitable Mid, Guitar, Radio, Crystal/Ceramic 
P.U. Sensitivity 4mV. Treble +35dBat 16kHz. Mid +20 15dB 

at IHz. Bass+20 — 10dB at40Hz. — - nn 
£4-90 

VA06 
Vol. Treble and Bass controls. Sensi- 
tivity 8mV. Treble-+28 -15dB at 
12kHz. Bass +.18dBat40H2. £4-15 

ALL PRICES INCLUDE V.A.T. 

POST & PACKING FREE 

Stockists—Callers only- 
Al .MUSIC CENTRE. 88 Oxford St Manchester 1. Tel. 081-238-0340. 
BRISTOL DISCO CENTRE, 86 Sioke Croft. Bristol 1. Tel. Bristol 41666. 
CALBARRIE AUDIO. 88 Wellington St. Luten. Beds. Tel. Uiten 411733. 
S0C0DI, 9 Th# Friars, Canterbury, Kent. Tel. Canterbury 60948. 
WEC LIGHTING, 35 Norlham Road, Southampton.Tel. Southampton28102. 
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50/70 watt all silicon ;unpli.fier 
~th built-in S-way mixer us ing F .E .T. 's. 

SOUND SENSE =VORTEXION 
VORTEXION Design and m an ufacture public address equipment to m eet a r ange 

of specific requirem ents f0r AIRPORTS, HOTELS, THEATRES, GOVERNMENT 
AUTHORITIES, LOCAL AUTHORITIES, SUPERMARKETS, SCHOOLS, SPORTING COMPLEXES, 

POP GROUPS AND THE LOCAL VILLAGE HALL. 

The high fidelity amplifier illustrated has bass cut controls 
on each of the three low impedance balanced line microphone 
stages and a high impedance gram stage with bass and treble 
controls, p lus the usual line or tape inp ut. All the input stages are 
p rotected against overload by back to· back low self capacity 
diodes and all use F.E.T. 's for low noise, low intermodulation 
distortion and freedom from radio breakthrough. 

A voltage stabilised supply is used for the p re-amplifiers 
making it independent of mains supply fluctuations and another 
stabilised supply for the driver s tages is arranged to cut. off whe n 
the output is overloaded or over temperature. The output is 75% 
efficient and 100 V balanced line or 8-16 ohms output are se lected 
by means of a rear panel switch which has a locking p late 
indicating the output impedance selected. 

The mixer section has an additional emitter follower output 
for driving a slave amplifier. phones or tape recorder. output 
0.3 V out on 600 ohms upwards. 

50i70 WATT ALL SILICON AMPLIFIER WITH 
BUILT-iN 4-WAY MIXER using the circuit of our reliable 100 
Watt Amplifier with its elaborate protection against short a.11d 
overload, etc. To this is allied our latest developme nt ofF.E.T. 
lVIi.xer Amplifier, again fully protected against overload and radio 
bre akthrough. The mixer is arranged for 2-30/60 Q balanced line 
microphones, 1-HiZ gram input and !-auxiliary input follo..yed by 
bass and treble controls. 100 volt balanced line output OR S-15 Q 
and 100 volt line. 

100 WATT ALL SILICON AMPLIFIER. A high q uality 
amplifier with B ohms-15 ohms or 100 volt line output for A. C. 
Mains. Protection is given for short and open circuit output ove r 
d r iving and over temperature. Input 0.4 Von 100 K ohms. 

THE 100 WATT MIXER AMPLIFIER with specification as 
above is he re combined.wi th a 4-channel F.E.T. mixer. 2-30/60 Q 
balanced microphone inputs, 1-HiZ gram input and !-auxilia ry 
input with tone controls and mounted in a standard robust stove 
enamelle d steel case. A s tabilised voltage supply feeds the tone 
controls and p re amps, compensating for a mains voltage d rop of 
over 25% and the output trans istor biasing compensates for a 
wide rang e of vo ltage and tempe rature. Also available in rack 
panel form. 

20/30 WATT MIXER AMPLIFIER. Hig h fidelity all silicon 
model with F.E.T. input stages to reduce intermodulation d istortion 
to a fraction of normal transistor input circuits. Standard model 
!-low mic. balanced input and HiZ g ram. Outputs available 
8{15 ohms OR 100 volt line. 

CPSO AMPLIFIER. A~ all silicon transistor SO watt amplifie r 
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 p rotected outputs for 8 ohms-
IS ohms and 100 volt line. Bass and tre ble controls fitted. 

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

200 WATT AMPLIFIER . Can deliver its full audio power at 
any frequency in the range of 30 c /s-20 Kcfs . Can be used to drive 
mechanical devices for which power is 120 watts 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 PPM's . Various types of mixers 
available 3, 4, 6 and 8 channel with Peak P:ogran1me Me te r. 
4, 6, 8 and 10 Way Mixers. Twin 3, 4 ar.d 5 channel Ste re o, also 
twin 4 and 5 channel Stereo with 2 PPM's. 

VORTEXION ... ~~~ 
Vortexion Ltd. , 257-263 The Bl'oadway, ~·· ..~.(;.~\! 
Wi.J:nbledon, SW19 ISF. •• e'<$" 
Telephone: 01-542 2814 and ····~ '\e~~ ;;;;; 
01-542 6242/3{4. •• '-:,.<:7>' 

Telegrams: " Vortexion ••• ,e# ./ 
London SW19" ••• ~~0. / 

••• ';:,0~ / / // 

••••-..s-o...o<.? / / // 

······~!~~<,:::e ~00.,e~~ ;/;; / ;/;; 
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50/20 watt all silicon amplifier 
with built-in 5-way mixer using F.E .TVs. 

SOUND SENSE=V0RTEXI0N 

VORTEXION Design and manufacture public address equipment to meet a range 
of specific requirements for AIRPORTS, HOTELS, THEATRES, GOVERNMENT 

AUTHORITIES, LOCAL AUTHORITIES, SUPERMARKETS, SCHOOLS, SPORTING COMPLEXES, 
POP GROUPS AND THE LOCAL VILLAGE HALL, 

The high fidelity amplifier illustrated has bass out controls 
on each of the three low impedance balanced line microphone 
stages and a high impedance gram stage with bass and treble 
controls, plus the usual line or tape input. All the input stages are 
protected against overload by back to back low self capacity 
diodes and all use F.E.T. 's for low noise, low intermodulalion 
distortion and freedom from radio breakthrough. 

A voltage stabilised supply is used for the pre-amplifiers 
making it independent of mains supply fluctuations and another 
stabilised supply tor the driver stages is arranged to cut.off when 
the output is overloaded or over temperature. The output is 75 % 
efficient and 100 V balanced line or 8-16 ohms output are selected 
by means of a rear panel switch which has a locking plate 
indicating the output impedance selected. 

The mixer section has an additional emitter follower output 
for driving a slave amplifier, phones or tape recorder, output 
0.3 V out on 600 ohms upwards. 

50/20 WATT ALL SILICON AMPLIFIER WITH 
BUILT-IN 4-WAY MIXER using the circuit of our reliable 100 
Watt Amplifier with its elaborate protection against short and 
overload, etc. To this is allied our latest development of F.E.T. 
Mixer Amplifier, again fully protected against overload and radio 
breakthrough. The mixer is arranged for 2-30/60 O balanced line 
microphones, 1-HiZ gram input and 1-auxiliary input followed by 
bass and treble controls. ICO volt balanced line output OR 3-15 0 
and 100 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 100 K ohms. 

THE 100 WATT MIXER AMPLIFIER with specification as 
above is here combined-with a 4-ohannel F.E.T. mixer. 2-30/60 O 
balanced microphone inputs, 1-HiZ gram input and 1-auxiliary 
input wilh tone controls and mounted in a standard robust stove 
enamelled steel case. A stabilised voltage supply feeds the tone 
controls and pre amps, compensating for a mains voltage drop of 
over 23 % and the output transistor biasing compensates for a 
wide range of voltage and temperature. Also available in rack 
panel form. 

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

CPS0 AMPLIFIER. An all silicon transistor SO 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 IQ0 volt line. Bass and treble controls fitted. 

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

200 WATT AMPLIFIER. Can deliver its full audio power at 
any frequency in the range of 30 c.'s-20 Kc;'s. Can be used to drive 
mechanical devices for which power is 120 watts on continuous 
sine wave. Input I mW 600 ohms. Output 100-120 V or 200-240 V. 
Additionai matching transformers for other impedances are 
available. 

F.E .T. MIXERS and PPM's. Various types of mixers 
available. 3, 4, 6 and 8 channel with Peak Programme Meter. 
4,6,8 and 10 Way Mixers. Twin 3, 4 and 5 channel Stereo, also 
twin 4 and 5 channel Stereo with 2 PPM's. 

VORTEXION, 
NP Vortexion Ltd., 257-263 The Broadway, ^ 

Wimbledon, SW19 1SF. < ' 
Telephone: 01-542 2814 and 
01-542 6242/3/4. ^ 
Telegrams: "Vortexion -pC'-' 
London SW19" A 

0 
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The first of a new range of high 
quality loudspeakers 
Thi~ model employs three activE? drive 
units, the total range of which eXter:1ds 
beyond tile nine audible octaves. 
By giving attention to all components and 
design detail the colouration and 
distortion is negligible and the energy 
distribution is as constant as possible. 
Five year warranty 
Because of the precision required in 
manufacturing loudspeakers to a 
cor:1sistent specified performancla, we 
can confjtiently predict that the A.:chromat 
400 will have a long and trouble-free life 
when correctly operated. 
We can therefore offer a five-year warranty 
on this loudspeaker system. 

Stand 
The Achromat 400 will give its most 
accu~':lte }eRr9duction in norm?l 
cond(tlons when spaced at a dtstance of 
1 o-20 ems above the floor. · 

The Goodmans Loudspeaker Stand CS3 
is recommended and gives the option of 
vertical or 5° tilt positioning. 

Good mans 
Achromat*400 

•from Shorter Oxford Dictionary 
Achromatic l Optics-free from colour. not showing colour 

2. Bioi.-of tissue, uncoloured (1882) ie after staining 
Achromatization-the action or process of removing colour 

Specification 
Drive units 
Bass unit 26cm dia 
long-throw. " 
Mid-rartg>e unit;44'mm dia 
viscous damped dome radiator. 
Flush mounted 
HF unit 25mm dia 
viscous damped dome radiator. 
Flush mounted 
Frequency range 40-22,000 Hz ... 5dB 
Nominal impedance 8 ohms. 
The loudspeaker is suitable for use with amplifiers 
rated at 4 or 8 ohms. 
Recommended amplifier music power rating 
25 to 75 Watts 
SensitivityJ2 Watts for 96dB at 1 metre 
Effective ehelosure volume 39.51itres 
Dividing frequencies 900 and 3,500Hz 
Weight 16.5 kg (36lbs) net 
Recommended Retail Price £79.47+VAT 

Stand £ 6.64+VAT 
For illustrated details please write to 
Goodmans Loudspeakers Limited 
Down ley Road, Havant, Hants P09 2NL 

WW-054 FOR FURllfER DETAILS 
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The first of a new range of high 
quality loudspeakers 
This model employs three active drive 
units,the total range of which extends 
beyond the nine audible octaves. 

By giving attention to all components and 
design detail the colouration and 
distortion is negligible and the energy 
distribution is as constant as possible. 

Five year warranty 
Because of the precision required in 
manufacturing loudspeakers to a 
consistent specified performance, we 
can confidently predict that the Achromat 
400 will have a long and trouble-free life 
when correctly operated. 

We can therefore offer a five-year warranty 
on this loudspeaker system. 

Stand 
The Achromat 400 will give its most 
accurate reproduction in normal 
conditions when spaced at a distance of 
10-20 cms above the floor. 

The Goodmans Loudspeaker Stand CSS 
is recommended and gives the option of 
vertical or 5° tilt positioning. 

- -- • 

- 
y *• 
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•- ' f i i 

Goodmans 

Achromat *400 

Specification 
Drive units 
Bass unit 26cm dia 
long-throw 
Mid-range unit 44mm dia 
viscous damped dome radiator. 
Flush mounted 
HFunit2bmm dia 
viscous damped dome radiator. i_2a5_| 
Flush mounted 
Frequency range 40-22,0001-12- 5dB 
Nominal impedance 8 ohms. 
The loudspeaker is suitable for use with amplifiers 
rated at 4 or 8 ohms. 
Recommended amplifier music power rating 
25 to 75 Watts 
Sensitivity 12 Watts for 96dB at i metre 
Effective enclosure volume 39.5 litres 
Dividing frequencies 900 and 3,500Hz 
Weight 16.5 kg (36 lbs) net 
Recommended Retail Price £79.47+VAT 

Stand £ 6.64+VAT 

For illustrated details please write to , 
Goodmans Loudspeakers Limited ^ 
Downley Road, Havant, Hants P09 2NL 

•from Shorter Oxford Dictionary 
Achromatic 1. Optics-free from colour, not showing colour 

2, Biol.-of tissue, uncoloured (1882) ie after staining 
Achromatization-the action or process of removing colour 
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Sound reasoning. 
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It's not only technicians who can see the 
finer points of Eagle multi-meters. 

Every handyman notices them too. 
They're easy to read. 
They're tough. 
Their construction comes up to labora­

tory standards. 
Even our inexpensive pocket sized 

models have features you'd usually only find 
on professional equipment. 

Take a look through our catalogue. 
You'll see over twenty models. 
Specifications that would impress the 

most experienced technician. 
And a price range that takes in amateurs 

as well as professiona Is. 
'Ne guarantee every one for two years. 
With parts to service them in no time. 
So you can confidently find fault in 

anything. 

The name on Britain's widest range of 
electronic equipment . 

r-;~ ~~the Eagleelectroni;---1 I catalogue containing the complete range I 
I 

of test equipment. I 
Name ______________________ _ 

I Addres I 
I I 
I I 
I Eagle international Precision Centre Heather Park Or:

4 

Jl L __ w~~o~~~o~3~---

alO Wireless World, December 1974 

If you're looking 

for trouble 

you needn't look 

any further. 

m 

It's not only technicians who can see the 
f i ner poi nts of Eagle mu Iti-meters. 

Every handyman notices them too. 
They're easy to read. 
They're tough. 
Their construction comes up to labora- 

tory standards. 
Even our inexpensive pocket sized 

models have features you'd usually only find 
on professional equipment. 

Take a look through our catalogue. 
You'll see over twenty models. 
Specifications that would impress the 

most experienced technician. 
And a price range that takes in amateurs 

as wel I as professionals. 
VJe guarantee every one for two years. 
With parts to service them in no time. 
So you can confidently find fault in 

anything. 
® 

r 

The name on Britain's widest range of 
electronic equipment. 

Please send me the Eagle electronics 
catalogue containing the complete range 
of test equipment. 
Name  

Address_ 

WW4 
LEaglelnlernational Precision Centre Heather Park Drive 

Wembley HAO1SU Telephone 01-903 0144 
J 
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New automatic digital bridge 
from Wayne Kerr 

Wayne Kerr's new 8900 is one of the best 
value-for-money bridges in the world. 

It is universal, has a wide range, and gives 
immediate digital readout of resistive and reactive 
terms-simultaneously. 

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

Direct measurements of Q, dissipation and de volts. 
2, 3, & 4-terminal. Automatic lead compensation. 
4- Qu;idrant: + ve or - ve C, l.1/C, G and R. 
Overall coverage: 

10p.n - 200Mn 1nH - 20_kH 
0.001pF - 20,000p.F 10pU - 200U 

Accuracy:0.1%(10n-200Mn),0.3%(10mn-10n) 
in all quadrants. Frequency: 1kHz Outputs: Analog and TTL. 

For more information phone Bognor (02433) 25811. 
or fill in the coupon. 

all 

r----------------, 

WAYNE KERR 
A member of the Wilmot Breeden group. 

1 Please send me details of the 8900. 

I 
I 
I 

FortheattentionofMr ____________ _ 

Company name andaddre...._ ___ _______ _ 

WW--®0 FOR FURTHER DETAILS 
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New automatic digital bridge 

from WayneKerr 

Wayne Kerr's new B900 is one of the best 
value-for-money bridges in the world. 

It is universal, has a wide range, and gives 
immediate digital readout of resistive and reactive 
terms-simuttaneously. 

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

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

10/rn - 200Mn InH - 20 kH 
0.001 pF - 20,000^F 10pu - 200U 

Accuracy: 0.1% (10f2 -200M O), 0.3% (10mO-100) 
in all quadrants. Frequency: 1kFlz Outputs: Analog and TTL. 

For more information phone Bognor (02433) 25811, 
or fill in the coupon. 

WAYNE KERR 
A member of the Wilmot Breeden group. 

Please send me details of the 0900. 

For the attention of Mr  

Company name and address- 

^ Post to Wayne Kerr, Durban Road. Bognor Regis, Sussex P022 9RL 
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SHEER SIMPLICITY! 
Tuner ----<).,. 
Gram -o : 
Tape -o 

Tape o.p BASS 

y 
I Stereo.Mono swi tch 

BALANCE 

Ov 
PSU50 

L 
N 

E 

Mono electrical circuit diagram with interconnections for stereo shown 

The HY5 is a complete mono hybrid 
preamplifier. i(leally suited lor both 
mono an<:l stereo applications. Internally 
the device consists or two high quality 
amplifiers-the forst contains lreouency 
equalisatoon and gain correction, while 
t he second caters for tone control and 
ba lan ce. 
TECH N ICAL SPECIFICATION 
I npu t s 

Magnet ic Pick·up 
Ceramic Pick·UP 
Microphone 
T u ner 

. Auxiliary 
I nput impedance 

Outputs 

3mV .R IAA 
30mV 
lO m V 
lOOmV 
3·!00mv 
4 7k0 at 1kHz. 

Tape !OOmV 
M ain output Odb (0.7 75 volts RMS) 

Active Tone Controls 
Treble t 12db at 10kHz 
Bass il2db at 100Hz 

D istort ion 0.05% at 1kHz 
S ignal/Noise Ratio 68<:1b 
overload Capability 40db o n most 

sensiUve input 
Suppl y Voltage ~ 16- 25 volts. 
PR ICE £4.50 + 0.36 V.A.T. P & P free. 

The HY50 is a complete solo<:l st~te hybrid 
Hi -Fi amplifier ancorporating its own high 
con<:luctivity heatslnk hermetically sealed 
in black epoxy reson. Only five connt!C· 
lions are prov ided: Input, output, power 
lines an d eartl'l. 

T EC H N ICAL SPECIFICATION 
Outpu t Power 25 watt s RM S in to SU 
Load Impedance 4-16.!1 
Input Sensitivity Odb (0. 775 vol ts RMS) 
Input Impedance 47k0 
Distortion Less than 0.1% at 25 watts 

typically 0.05% 
Signal/Noise Ratio Better than 75<:1b 
Frequency Response 10Hz - 501<Hzt3db 
Supp ly Voltage • 25 vo lts 
Size 105 x 50 x 25 mm. 

PRICE £5,98 + 0.48 V.A.T. P & P free. 

The·PSU50 can b e used fo r e i tt>er m ono 
or st ereo systems. 

TECHNICAL SPECIFICAT IONS 

Output voltage 25 volts 

Input voltage 210- 240 volts 

Size L.70,0.90,H. 60mon. 

PRICE £5.00 + 0.40 V.A.T. P & P free. 

TWO YEARS GUARANTEE ON ALL OUR PRODUCTS 

I.LP. Electronics Ltd, 
Crossland House, 
Nackington, Canterbury, 
Kent CT4 7AD 
Tel (0227) 63218 

Please Supply _ _ _______ _ ___ ______ _ _ _ 
Total Purchase Price ______ _ _ ___ _______ __ _ 
I Enclose Cheque 0 Postal Orders 0 Money Order 0 
Please debit my Access account 0 Barclay card account 0 
Account number _ _____ _____ _ _______ ____ _ 
Name & Address, ___________ _________ _ _ 

Signature _____ ____ ___ _ _ 

WW--()86 FOR FURTIIER DETAILS 
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IP) l-L-P■ C Electronics) Ltd 

SHEER SIMPLICITY! 

Tape o.p BASS 
Tuner 

3 
Gram 
Tape 

0"vi 
Fuse 

Half HY5 Half HY5 HY50 

L.S 

-O-7-O 
-o ■r 

TREBLE -O 
BALANCE 

VOLUME 

Stereo.Mono switch 

PSU50 
Ov 

Mono electrical circuit diagram with interconnections for stereo shown 

The HY5 is a complete mono hybrid 
preamplifier, ideally suited for both 
mono and stereo applications. Internally 
the device consists of two high quality 
amplifiers—the first contains frequency 
equalisation and gain correction, while 
the second caters for tone control and 
balance. 
TECHNICAL SPECIFICATION 
Inputs 

Magnetic Pick-up 3mV.RIAA 
Ceramic Pick-up 30mV 
Microphone lOmV 
Tuner lOOmV 

• Auxiliary 3-100mV 
Input impedance 47k0 3flkHz. 

Outputs 
Tape lOOmv 
Main output Odb (0.775 volts RMS) 

Active Tone Controls 
Treble +12dbatl0kHz 
Bass i I2db at 100Hz 

Distortion 
Signal/Noise Ratio 
Overload Capability 
Supply Voltage 

0.05% at 1 kHz 
68db 40 db on most 

sensitive input 
i 16 —25 volts. 

The HY50 is a complete solid state hybrid 
Hi-Fi amplifier incorporating its own high 
conductivity heatsrnk hermetically sealed 
in black epoxy resin. Only five connec- 
tions are provided: Input, output, power 
lines and earth, 
TECHNICAL SPECIFICATION 
Output Power 25 watts RMS into 
Load Impedance 4—16n 
Input Sensitivity Odb (0.775 volts RMS) 
Input Impedance 47k0 
Distortion Less than 0.1% at 25 watts 

typically 0.05% 
Signal/Noise Ratio Better than 75db 
Frequency Response 10Hz—SOkHz ± 3dD 
Supply Voltage - 25 volts 
Size 105 x 50 x 25 mm. 
PRICE C5.98 + 0.48 V.A.T. P & P free. 

The PSU50 can be used for either mono 
or stereo systems. 
TECHNICAL SPECIFICATIONS 
Output voltage 25 volts 
Input voltage 210- 240 volts 
Size L. 70, D.90, H.60 mm. 
PRICE E5.00 + 0.40 V.A.T. P & P free. 

PRICE £4.50 4- 0.36 V.A.T. P & P free. 
TWO YEARS GUARANTEE ON ALL OUR PRODUCTS 

I.L.P. Electronics Ltd, 
Crossiand House, 
Nackington, Canterbury, 
Kent CT4 7AD 
Tel (0227) 63218 

Please Supply  
Total Purchase Price  
I Enclose Cheque □ Postal Orders □ Money Order □ 
Please debit my Access account □ 
Account number  
Name & Address  

Barclay card account □ 

Signature. 
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Bestseiling voltage regulators now in plastic 

Following the sweeping 
success of SGS-ATES' 
integrated fixed voltage 
regulators in TO-3 metal can, 
these circuits are now also 
available, ex stock, in SOT 32 
plastic package. 
Designated L129, L130 and 
L131, they are suitable for low 
cost applications in 
professional, industrial and 
consumer equipment requiring 
compact components with 
low/medium output current, 
such as 
- desk calculators 
- video displays 

- computer peripherals 
- touch tuning and remote 

control for TV sets 
- TV subsystems, such as 

video IF, sound IF, sync and 
chroma stages 

A particularly interesting area 
of application is in local 
regulation systems. The main 
advantages of this circuit 
technique over traditional 
single point regulation are the 
reduction in common ground 
and inter-circuit coupling, high 
noise immunity and the 
elimination of problems due 
to line voltage drops. 

Special features of the 
circuits include 
- tight tolerance on the output 

voltage 
- load regulation less than 1% 
- ripple rejection 60 dB typical 
- internal overload protection 
- short circuit protection 
The L129, L130 and L131 are 
designed to operate in the 
-20 0C to + 85 0C temperature 
range. For the standard 
operating temperature range, 
0oC to +700C, these plastic 
voltage regulators are 
available with type numbers 
TDA1405, 1412 and 1415. 

-20° to +85 "C Vo lo reg. typical 0° to -i 70 "C 

L 129 5V 850 mA TDA 1405 

L 130 12V 720 mA TDA 1412 

L 131 15V 600 mA TDA 1415 
i 

lUnilefl Kingdom) Lid. 
OislribLilors in me UK: Disironic Lid., Harlow. 02796-3294 7 - electronic Component Supplies Ltd 
Windsor 07535-68101 - Hawnt Electronics Ltd.. Biriningham. 021-359430' - ITT Electronic 
Services, Harlow. 02796-26777 - REL Equipment & Components Ltd . Hilchen, 0462-50551 - 
Quarndon Electronics Lid,. Derby. 32651 
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ERIE ERIE 

ELECTRONICS 

LIMITED 

~ NEWSFLASH! 
New! Straight-lead 
metallised Polyester 
Film Capacitors 
* small package 
* prompt delivery 
* low inductance 
These latest additions to the 
Series 51016 range come in 
four working voltages 
(160 Vdc-630 Vdc), have a 
capacitance range ofO.Ol ~-'-F 
to 10 tJ.F and have a flame­
retardent and solvent­
resistant coating. Kinked 
lead versions for p.c. board 
stand-:off also available. 

Axial lead requirements 
can also be met from Series 
61013 and 51012 ranges. 

Redcap 

TranscaR Miniature 
Ceramic Disc Capacitors 
*high capacitance-to-size ratio *low cost 
*early delivery *10,000 pF-0.22 p.F. 
Primarily for decoupling applications, these 
Transcaps, together with the .standard 
temperature-compensating, Hi-K and High 
Voltage devices otTer complete disc ceramic 
capability. 

'MonobloCMonolithic 
Ceramic Capacitors 
*high capacitance 
*good delivery *premium quality 
Designed for professional applications 
where size and stability of performance are 
paramount. 

Available in BS 9000 approved moul­
ded finish as well as dipped ('Redcap') and 
chip configurations. Ideally suited for 
coupling and decoupling of integrated 

L----------------J circuits. 

WW~80 FOR FURTHER DETAll.S 

Improved Ratings on 
Aluminium Electrolytic 
Capacitors 
*early delivery 
*high ripple current capability 
*high temperature rat.ings 
* high capacitance-to--size ratio 

Tubular Polarised (types 201 and 211) 
manufactured to BS 9078-NOO I and 
to D IN 41332 Ripple rating standards 
with temperature ratings up to 85°C. 

General Purpose Polarised . 
(types 311, 312 Dual Section and 321), 
first introduced in 1973 as a concise 
yet wider range to conventional sizes. 
Now being stocked in much larger 
quantities to meet growing demand. 

. Eight working voltages (6.3 Vdc-
160 Vdc) at 85°C with improved ripple 
current capability. 

IMMEDIATE SMALL 
ORDER SUPPLIES 
For quantities of up to 1000 Trans­
caps, Monoblocs and Aluminium 
Electrolytic Capacitors ex stock and, 
in due course, for the new Straight 
Lead Polyester Film Capacitors con­
tact our Supplies Division. 

FOR FULL DETAILS ON 
ALL COMPONENTS RING 
TECHNICAL SALES TODAY 
ON GREAT YARMOUTH 
(0493) 56122 

Erie Electronics Limited, 
South Denes, Great Yarmouth, 
Norfolk. Telex: 97421. 
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ERIE 

ELECTRONICS 

LIMITED 

# 

ERIE 

NEWSFLASH! 

New! Straight-lead 

metallised Polyester 

Film Capacitors 

* small package 
* prompt delivery 
* low inductance 
These latest additions to the 
Series 51016 range come in 
four working voltages 
(160 Vdc-630 Ydc), have a 
capacitance range of 0.01 ij.F 
to 10 txF and have a flame- 
retardent and solvent- 
resistant coating. Kinked 
lead versions for p.c. board 
stand-off also available. 

Axial lead requirements 
can also be met from Series 
61013 and 51012 ranges. 

Redcap 

■Soldered 
Termination 

-—71 

Solder Coated 
Wire ^ 

Polymeric Resin 
Dip Coaling 

Silver Terminated 
Monobloc Chip Capacitor 

Transcap Miniature 
Ceramic Disc Capacitors 
♦ high capacitance-to-size ratio ♦low cost 
♦ early delivery ♦ 10,000 pF-0.22 nF. 
Primarily for decoupling applications, these 
Transcaps, together with the standard 
temperature-compensating, Hi-K and High 
Voltage devices offer complete disc ceramic 
capability. 

Monobloc Monolithic 

Ceramic Capacitors 
* high capacitance 
* good delivery ♦ premium quality 
Designed for professional applications 
where size and stability of performance are 
paramount. 

Available in BS 9000 approved moul- 
ded finish as well as dipped ('Redcap') and 
chip configurations. Ideally suited for 
coupling and decoupling of integrated 
circuits. 

Improved Ratings on 

Aluminium Electrolytic 

Capacitors 

♦ early delivery 
♦ high ripple current capability 
♦ high temperature ratings 
♦ high capacitancc-to-size ratio 

Tubular Polarised (types 201 and 211) 
manufactured to BS 9078-NOO1 and 
to DIN 41332 Ripple rating standards 
with temperature ratings up to 85°C. 

General Purpose Polarised, 
(types 311,312 Dual Section and 321), 
first introduced in 1973 as a concise 
yet wider range to conventional sizes. 
Now being stocked in much larger 
quantities to meet growing demand. 
Eight working voltages (6.3 Vdc- 
160 Vdc) at B50C with improved ripple 
current capability. 

aSiili 
liili 

m 

IMMEDIATE SMALL 

ORDER SUPPLIES 

For quantities of up to 1000 Trans- 
caps, Monoblocs and Aluminium 
Electrolytic Capacitors ex stock and, 
in due course, for the new Straight 
Lead Polyester Film Capacitors con- 
tact our Supplies Division. 

FOR FULL DETAILS ON 
ALL COMPONENTS RING 
TECHNICAL SALES TODAY 
ON GREAT YARMOUTH 
(0493)56122 

Erie Electronics Limited, 
South Denes, Great Yarmouth, 
Norfolk. Telex: 97421. 
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TheMullard 
rangeofTTL 
integrated circuits 
approved and provisionally 
approved to the stringent Post 
Office Specification D3000 now 
comprises 22 types. They are being 
supplied to Post Office contractors 
and are to be offered to other 
equipment manufacturers who are 
concerned with very high standards 
of reliability. 

All types in the D3000 range are 
functionally equivalent to types in 
the well-known GFB7400D series. 
Encapsulation is ceramic 14- and 
16-lead dual-in-line. 

The specification includes 
important overstress and endurance 
tests with exacting internal 
inspection requirements. It assures 
an extremely high standard of 
reliability and long life performance, 
and users can expect a component 
life of forty years with cumulative 
failures not greater than 2 per cent. 
Foraleafletsummarisingtherange 
use reader enquiry service no. 
WW069. 

The highly successful uhl. 
amplifier modules manufactured 
by Mullard are to be followed up 
by two v.h.f. types. These are 
type numbers 437BGY and 
438BGY covering the frequency 
ranges 148- 17 4MHz and 
68-SSMHz respectively. 

Apart from their frequency range, 
both the v.h.f. modules provide the 
same performance: minimum 
output power 18W for an input of 
150m W with a typical efficiency of 
45%. Input and output impedances 
are 50fl, and the nominal 
supply voltage is 12 · 5V. 

Among the opera­
tional features are the 
ability to withstand 
severe load mismatch 
and the provision for 
control of the output 
power by variation of the 
supply voltage. The 
operating temperature 
range is from - 400 to 
+900C. 

By basing equipment 
on the modules, manu­
facturers can cut design 
time and also reduce 

the number of assembly operations. 
Furthermore, as the modules are 
untuned, no adjustment is needed 
in the tes~ room. For provisional 
data please use reader enquiry 
service no. WW070. 

Mullard Communications Contact 

C0MMUMCAT10NS 

Wide 

range of TTL 

to Post Office 

Spec 

The Mullard 
range of TTL 
integrated circuits 
approved and provisionally 
approved to the stringent Post 
Office Specification D3000 now 
comprises 22 types. They are being 
supplied to Post Office contractors 
and are to be offered to other 
equipment manufacturers who are 
concerned with very high standards 
of reliability. 

All types in the D3000 range are 
functionally equivalent to types in 
the well-known GFB7400D series. 
Encapsulation is ceramic 14- and 
16-lead dual-in-line. 

The specification includes 
important overstress and endurance 
tests with exacting internal 
inspection requirements. It assures 
an extremely high standard of 
reliability and long life performance, 
and users can expect a component 
life of forty years with cumulative 
failures not greater than 2 per cent. 
For a leaflet summarising the range 
use reader enquiry service no. 
WW069. 

of news from Mullard 

NEW MODULES 

FOR MOBILES 

The highly successful u.h.f. 
amplifier modules manufactured 
by Mullard are to be followed up 
by two v.h.f. types. These are 
type numbers 437BGY and 
438BGY covering the frequency 
ranges 148-174MHz and 
68-88MHz respectively. 

Apart from their frequency range, 
both the v.h.f. modules provide the 
same performance: minimum 
output power 18W for an input of 
150mW with a typical efficiency of 
45%. Input and output impedances 
are 50n, and the nominal 
supply voltage is 12-5V. 

Among the opera- 
tional features are the 
ability to withstand 
severe load mismatch 
and the provision for 
control of the output 
power by variation of the 
supply voltage. The 
operating temperature 
range is from -40° to 
+900C. 

By basing equipment 
on the modules, manu- 
facturers can cut design 
time and also reduce 

the number of assembly operations. 
Furthermore, as the modules are 
untuned, no adjustment is needed 
in the test room. For provisional 
data please use reader enquiry 
service no. WW070. 

Photograph by kind permission of New Scotland Yard. 



Space-saving circulators 
Significant savings. in space and 
weight can be xp.ade in com­
munications and radar equip­
ment by using Mullard miniature 
circulators. Despite their small 
size, they feature the same low­
loss characteristics and wide 
bandwiths as their full-size 
counterparts. 

There are eight ferrite 3-port 
types capable of handling up to 

IOOW and 300W families. Band­
widths fall within the spectrum 4 70 
to lOOOMHz, and isolation is 
typically 25dB. Connectors are 
N-type with the option of 
HF 7/16 DIN 47223 connectors for 
the high power circulators, 

The four microwave circulators 
are broadband types providing 

300W in the u.h.f. region, and four ~ 

microwave types rated at 50W. ~ 

The u.h.f. types are divided into 

Which 
Ferrite~ 
Core? 
A useful aid to 
fmding the right type 
of ferrite inductor or transformer 
core for any particular application 
is provided by a new wallchart from 
Mullard. All preferred design types 
in their various shapes, sizes and 
materials are clearly summarised. 
For a copy please use reader 
enquiry service no. WW071. 

coverage through the S, C and X 
bands, and isolator versions are 
available of each type. Isolation 
depends on the band and is typically 
between 23 and 27 dB. Connectors 
are SMA coaxial. 

For further information please 
use reader enquiry service no. 
WW072. 

Space-saving circulators 

Significant savings in space and 
weight can be rjiade in com- 
munications and radar equip- 
ment by using Mullard miniature 
circulators. Despite their small 
size, they feature the same low- 
loss characteristics and wide 
bandwiths as their full-size 
counterparts. 

100W and 300W families. Band- 
widths fall within the spectrum 470 
to 1000MHz, and isolation is 
typically 25dB. Connectors are 
N-type with the option of 
HF 7/16 DIN 47223 connectors for 
the high power circulators. 

The four microwave circulators 
are broadband types providing 

coverage through the S, C and X 
bands, and isolator versions are 
available of each type. Isolation 
depends on the band and is typically 
between 23 and 27dB. Connectors 
are SMA coaxial. 

For further information please 
use reader enquiry service no. 
WW072. 

There are eight ferrite 3-port 
types capable of handling up to 
300W in the u.h.f. region, and four 
microwave types rated at SOW. 

The u.h.f. types are divided into 

Which 

© 

o 

A useful aid to 
finding the right type 
of ferrite inductor or transformer 
core for any particular application 
is provided by a new wallchart from 
Mullard, All preferred design types 
in their various shapes, sizes and 
materials are clearly summarised. 
For a copy please use reader 
enquiry service no. WW071. 



NEW CORES SPECIFICALLY 
FOR SWITCHED MODE POWER 
Designers of switched mode 
power supplies no longer have to 
use transformer cores of a 
material and shape which are 
meant for quite different 
applications. A new range of 
ferrite cores being introduced by 
Mullard, the FX3700 series, is 
intended specifically 
forthejob. 

Insulation and 
safety, the special 
stresses of switched 
mode operation, 
winding economics, 
modes of circuit failure, 
mechanical specifications 
and BSI requirements have 
all been carefully considered in the 
design. 

The cores may be used in units 
where the input is derived from 
rectified mains or from batteries, 

and are suitable for designs 
covering a wide range of outputs. 
When used in 25kHz push-pull 
circuits at the unfavourable end of 
the application spectrum (supplying 
low voltage, 5V, output) de. output 
powers from SOW to 500W can be 
obtained. Higher outputs can be 

obtained in more favourable 
applications, and the cores 

can, of course, also be 
used in single-ended 

circuits. 
An application note 

is available which not 
only simplifies trans­

former design but helps to 
save time, money and trouble 

elsewhere in the circuit. For a free 
copy and data on the cores please 
write to Dept. C.l.H., Ref: CPS/C23, 
Mullard Ltd., New Road, Mitcham, 
Surrey CR4 4XY. 

Linear 
~ower . 
fors.s~B. 

Three highly linear r.f. power 
transistors for single-sideband 
applications from manpacks to 
ship-to-shore transmitters are 
available from Mullard. 

In all three the intermodulation 
products are typically more than 
30dB down on full rated output. 
Under some conditions this figure 
is even better than 40dB. 
Furthermore, all three are 
electrically rugged and can 
withstand severe load misniatch. 

The most powerful member of 
the family is the BLX15. Operating 
from supplies of up to 50V in the 
range 1· 6 to 28MHz, it can supply 
150W p.e.p. singly or 300W p.e.p. in 
push-pull. Also, the full power 
rating is maintained up to 108MHz 
in the c.w. mode. 

The two companion types, the - - ---- - -------------------l BLX13 and BLX14, operating from 

Please U$t reader enquiry service no. WW073 for data on all of the above types. 

24/28V supplies over the range 1·6 
to 28MHz can supply p.e.p. outputs 
of 25W and 50W respectively. 

All three transistors are in 
plastic 'capstan' packages. For full 
data please use reader enquiry 
service no. WW074. 

Key to colour 
camera tv 
reliability 
Millions of burning hours are being 
registered by Plumbicon* colour 
camera tubes in television 
broadcasting in the U.K Some 

• programme companies are 
reporting lives of over 7,000 hours. 
In telecine equipment, lives of over 
10,000 hours are not uncommon. 

If you are 'tubing up for colour~ 
Plumbicon tubes from Mullard are 
a wise choice. There are 36 types to 
choose from. Use reader enquiry 
service no. WW075 for a wallchart. 

•Registered trademark {or telec;i~ion camera tubes. 

NEW CORES SPECIFICALLY 

FOR SWITCHED MODE POWER 

Designers of switched mode 
power supplies no longer have to 
use transformer cores of a 
material and shape which are 
meant for quite different 
applications. A new range of 
ferrite cores being introduced by 
Mullard, the FX3700 series, is 
intended specifically 
for the job. 

Insulation and 
safety, the special 
stresses of switched 
mode operation, 
winding economics, 
modes of circuit failure, 
mechanical specifications 
and BSI requirements have , 
all been carefully considered in the 
design. 

The cores may be used in units 
where the input is derived from 
rectified mains or from batteries, 

and are suitable for designs 
covering a wide range of outputs. 
When used in 25kHz push-pull 
circuits at the unfavourable end of 
the application spectrum (supplying 
low voltage, 5V, output) dc. output 
powers from SOW to 500W can be 
obtained. Higher outputs can be 

obtained in more favourable 
applications, and the cores 

can, of course, also be 
used in single-ended 

circuits. 
An application note 

is available which not 
only simplifies trans- 

former design but helps to 
save time, money and trouble 

elsewhere in the circuit. For a free 
copy and data on the cores please 
write to Dept. C.I.H., Ref: CPS/C23, 
Mullard Ltd., New Road, Mitcham, 
Surrey CR4 4XY. 

Linear 

power 

forS.S.B. 

i 
piastic e 

vV 

Please um reader entjuiry service no. WWD73 for dola on all o( Hie above types. 

Three highly linear r.f. power 
transistors for single-sideband 
applications from manpacks to 
ship-to-shore transmitters are 
available from Mullard. 

In all three the intemiodulation 
products are typically more than 
30dB down on full rated output. 
Under some conditions this figure 
is even better than 40dB. 
Furthermore, all three are 
electrically rugged and can 
withstand severe load mismatch. 

The most powerful member of 
the family is the BLX15. Operating 
from supplies of up to 50V in the 
range 1-6 to 28MHz, it can supply 
150W p.e.p. singly or 300W p.e.p. in 
push-pull. Also, the full power 
rating is maintained up to 108MHz 
in the c.w. mode. 

The two companion types, the 
BLX13 and BLX14, operating from 
24/28V supplies over the range 1-6 
to 28MHz can supply p.e.p. outputs 
of 25W and 50W respectively. 

All three transistors are in 
plastic 'capstan' packages. For full 
data please use reader enquiry 
service no. WW074. 

Key to colour 

camera tv 

reliability 

Millions of burning hours are being 
registered by Plumbicon* colour 
camera tubes in television 
broadcasting in the U.K Some 
programme companies are 
reporting lives of over 7,000 hours. 
In telecine equipment, lives of over 
10,000 hours are not uncommon. 

If you are 'tubing up for colour', 
Plumbicon tubes from Mullard are 
a wise choice. There are 36 types to 
choose from. Use reader enquiry 
service no. WW075 for a wallchart. 

'Registered trademark for television camera tubes. 



SINGLE-CHIP 
ERROR DETECTOR 
What is virtually· a complete 
sophisticated error detection 
system is contained in one 
18-lead DIL integrated circuit 
recently announced by Mullard. 
Designated type GZF1202, it is a 
LOCMOS (local oxidised silicon 
complementary MOS) device, 
and consequently has a low 
power consumption and can be 
used with TIL components. 

In operation, a GZF1202 at the 
transmitter and another at the 
receiver divide the message by 
a polynomial expression and 
the remainders are 
compared. If they are 
different, an error has 
occurred. The 
message is trans­
mitted in its 
original form 
with there­
mainder added 
to the end. 

The GZF1202 provides for the 
use of six standard polynomials, and 
is thus suited for use in a variety of 
applications from modem interfaces 
to peripheral equipment such as 
disc stores. Samples of the IC are 
available for evaluation and data 
can be obtained 
by using 
reader 
enquiry 
service 
no. WW076. 

SECOND 
GENERATION 
BROADBAND 
TRANSISTORS 
The Mullard company is no 
newcomer to the supply of 
components for TV distribution 
systems and similar applications. 
For nearly a decade it has made 
available broadband transistors, 
and types such as the BFY90, 
BFW30 and BFW16A are now well 
established. 

With demands for lower and 
lower cross-modulation distortion 
and more and more channel 
capacity, a second generation of 
Mullard broadband transistors has 
appeared.PTonrinentamongthem 
is the BFR94. This has an fr of 
3GHz which is maintained at 
currents up to the unusually high 
region of 125mA. In this transistor, 
low cross-modulation, inter­
modulation and second-order 
distortion are combined with 
excellent broadband and low-noise 
performance. 

Moreover, the low cross­
modulation behaviour is straightfor­

----------------------------------------------------~ wardanddoesnotdependon 

A HUNDRED-THOUSAND 
TIMES BRIGHTER 
Image intensifiers which enable you 
to see on an overcast moonl~ss 
night, by amplifying light by as 
much as 100,000 times, are fully­
engineered items in regular 
production at Mullard. 

The intensifiers rrumufactured 
include single- and multi-stage 
electrostatically focused types and 
electrostatically focused 
microchannel inverter types. For 
information on the range and its-

special features use reader enquiry 
service no. WW077. 

operation at critically favourable 
collector currents and output 
voltages. A shift- due to a change in 
temperature, say- does not 
therefore result in a rapid rise in 
cross-modulation distortion. 

Another second-generation 
broadband device, the BFR96, can 
be used to drive the BFR94. It 
covers the range 40 to 860MHz, 
power gain is typically 8dB and 
typical output voltage is 600m V. 
Other types of transistor of similar 
interest are the BFR90 to BFR93. 
Data on all types mentioned can be 
obtained through the reader en-
quiry service no. WW078. by 'Electron' 

SINGLE-CHIP 

ERROR DETECTOR 

What is virtually a complete 
sophisticated error detection 
system is contained in one 
18-lead DIL integrated circuit 
recently announced by Milliard. 
Designated type GZF1202, it is a 
LOCMOS (local oxidised silicon 
complementary MOS) device, 
and consequently has a low 
power consumption and can be 
used with TTL components. 

In operation, a GZF1202 at the 
transmitter and another at the 
receiver divide the message by 
a polynomial expression and 
the remainders are 
compared. If they are 
different, an error has 
occurred. The 
message is trans- 
mitted in its 
original form 
with the re- 
mainder added 
to the end. 

The GZF1202 provides for the 
use of six standard polynomials, and 
is thus suited for use in a variety of 
applications from modem interfaces 
to peripheral equipment such as 
disc stores. Samples of the IC are 
available for evaluation and data 
can be obtained 
by using 
reader 
enquiry 
service 
no. WW076. W 

A HUNDRED-THOUSAND 

TIMES BRIGHTER 

Image intensifiers which enable you 
to see on an overcast moonless 
night, by amplifying light by as 
much as 100,000 times, are fully- 
engineered items in regular 
production at Mullard. 

The intensifiers manufactured 
include single- and multi-stage 
electrostatically focused types and 
electrostatically focused 
microchannel inverter types. For 
information on the range and its 

special features use reader enquiry 
service no. WW077. 

SECOND 

GENERATION 

BROADBAND 

TRANSISTORS 

The Mullard company is no 
newcomer to the supply of 
components for TV distribution 
systems and similar applications. 
For nearly a decade it has made 
available broadband transistors, 
and types such as the BFY90, 
BFW30 and BFW16A are now well 
estabhshed. 

With demands for lower and 
lower cross-modulation distortion 
and more and more channel 
capacity, a second generation of 
Mullard broadband transistors has 
appeared. Prominent among them 
is the BFR94. This has an fr of 
3GHz which is maintained at 
currents up to the unusually high 
region of 125mA. In this transistor, 
low cross-modulation, inter- 
modulation and second-order 
distortion are combined with 
excellent broadband and low-noise 
performance. 

Moreover, the low cross- 
modulation behaviour is straightfor- 
ward and does not depend on 
operation at critically favourable 
collector currents and output 
voltages. A shift-due to a change in 
temperature, say-does not 
therefore result in a rapid rise in 
cross-modulation distortion. 

Another second-generation 
broadband device, the BFR96, can 
be used to drive the BFR94. It 
covers the range 40 to 860MHz, 
power gain is typically 8dB and 
typical output voltage is 600mV. 
Other types of transistor of similar 
interest are the BFR90 to BFR93. 
Data on all types mentioned can be 
obtained through the reader en- 
quiry service no. WW078. by 'Electron' 

Mullard U 

Components for communications —broadcasting, telecommunications, radar, navaids, 
Mullard Limited Mullard House Torrington Place London WC1E7HD Telephone: 01-580 6633 

military 
M.cn o 

Mullard Communications Contact 
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British ... 
Wherever there is appreciation of fine sound 

reproduction, insistence is upon British 
loudspeaker systems.~ ~ 

a ~Renowned among the 
discerning for their outstanding quality, the products of 

S\ Mordaunt·Short Ltd. are specified by ca professionals and by enthusiasts the world over. 
Choose them for your home - where the finest I 

most concerns you. 

. .. at its best. 

Name 

~ 
Mardaunt-Short Ltd 

Designers and Manufacturers of Quality Loudspeaker Systems 
To receive immediately full information and the name and address of the 

Stockists nearest to you, please complete this coupon and return it to us direct. 

Address 

Mordaunt·Short Ud. The Causeway, Petersfield. Hampshire. GU31 4JT. Tel: Petersfield (STD 0730) 4631·5 
WW-062 FOR FURTHER DETAILS 

nombre:x: The symbol of 
souna quality. 

Hi-Fi Speakers 

W 10 

:~· ::~44~;.;....,.,.-: 

' The KR range consists off ive 
outstanding speaker designs with 
power ratings from 18 watts (music 
power) to 90 watts 
(music power). 

~ NEW 
MODEL45 

DIRECf READING FREQUENCY METER 

PRICE £4.2 .50 + VAT 

• MEASURES FREQUENCY FROM 10Hz TO 100kHz. 
• MEASUREMENT INDEPENDENT OF SIGNAL WAVE FORM. 
e ACCEPTS INPUT LEVELS FROM 10mV TO 5V. 
• FOUR DECADE SWITCH RANGES. 
• SENSITIVITY CONTROL. 
e CALIBRATION CONTROL. 
e POWERED BY 9 VOLT BATTERY. 

Trade 11n<i Export enquiries welcome. 
Send for full technicsl feeflets. 
Post and Packing 50p extra. 

NOMBREX (1969) LTD., EXMOUTH, DEVON 
Tel: 03-952 3615 

WW-065 FOR FURTHER DETAILS 

Made from selected high· 
density Swedish chipboard, 
the cabinets are hand­
made, hand-finished and 
matched in identically 
grained pairs . 
To ensure consistentsound 
quality, all speakers are 
individually tested before 
leaving our factory. 
Ask for a K.F. demonstration 
and hear for yourself. 
KRIO. A two way, two unit system, typical of K.f. quality and design. 

for further information and address of your local stockist write to: 
K.F. Products ltd., Ashton Road, Bredbury, Stockport, Cheshire. 

WW-031 FOR FURTHER DETAILS 
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Wherever there is appreciation of fine sound 

reproduction, insistence is upon British 

loudspeaker systems, gig 

iaKl Renowned among the 

discerning for their outstanding quality, the products of 

Mordaunt-Short Ltd. are specified by 

professionals and by enthusiasts the world over. 

Choose them for your home - where the finest 

most concerns you. 

...at its best. 

m 

Mordaunt-Short Ltd 
 Designers and Manufacturers of Quality Loudspeaker Systems 

To receive immediately full information and the name and address of the 
Stockists nearest to you, please complete this coupon and return it to us direct. 

Address 
Mardaunt-Short Ltd. The Causeway, Petersfield, Hampshire,GU31 4JT. Tel: PeletsfieW(STD073014631-5 

WW—062 FOR FURTHER DETAILS 

NEW 
MODEL45 

DIRECT READING FREQUENCY METER 
PRICE £42.SO + VAT 

• MEASURES FREaUENCY FROM ID Hz TO 100 kHz. 
• MEASUREMENT INDEPENDENT OF SIGNAL WAVE FORM. 
• ACCEPTS INPUT LEVELS FROM lOmVTD 5V. 
• FOUR DECADE SWITCH RANGES. 
• SENSITIVITY CONTROL. 
• CALIBRATION CONTROL 
• POWERED BY 9 VOLT BATTERY. 

Trade and Export enquiries welcome. 
Send for full technical leal/els. 
Post and Packing 50p extra, 

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

WW—065 FOR FURTHER DETAILS 

The symbol of 

sound quality. 

•v 

Hi-Fi Speakers 
The KR range consists of five 
outstanding speaker designs with 
power ratings from 18 watts (music 
power) to 90 watts 
(music power). 

Made from selected high- 
density Swedish chipboard, 
the cabinets are hand- 
made, hand-finished and 
matched in identically 
grained pairs. 
To ensure consistentsound 
quality, all speakers are 
individually tested before 
leaving our factory. 
Ask for a K.F. demonstration 
and hear for yourself. 
KR10. A two way. two unit system, typical ot K.F. quality and design. 
For further information and address of your local stockist write to: 
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire. 

WW—031 FOR FURTHER DETAILS 
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FoureasystepstoinRprove 
your instructional video systenR. 
I 2 

First purchase a good monitor. The lTC PM 171T 
for example, is perfect. It guarantees clarity, 
brilliance and definition; even if the picture comes 
straight from the moon. And our price is strictly 
earthbound, just £140. With the special video effects 
we have in mind, you'll need the lTC PM 171T monitor. 

Now add the VP 315 video pointer. This 
advanced unit superimposes an arrow indication 
on your video system picture. The joy-stick control 
panel makes arrow positioning simple. And the 
arrow can be shown in black or white in a steady 
or flashing model either horizontal or vertical, in any 
size you want.'Ne bring it to you at only £285. 

Next purchase the VfG-33F time and date 
generator. It gives legible reading from lOOth of a 
second, through seconds, minutes, hour, day, month~ 
Perfect for any countdown. The precise timing is 
provided by the electronic crystal controlled 
IC circuit!)( Th1s generator is compatible with any 
new or existtng television system, colour or black 
and white. And costs just £?80. 

(Prices subject to VAT) 

4r------ - - -, Lastly, step into Dixons Technical. That's 

I where you can buy all the above hardware. I 
White you're in, look over all the other space-

1 age equipment we have for improving your 1 
video system. We'll give you a personal 

I demonstration, help you choose the 1 
equipment you need, then 1nstall it 

-I Please send full details for the I 
I lTC PM 171T Monitor D I 
I 

The VfG·33F Video Display Generator D I 
The VP 315 Video Pointer D 

I Name I 
I Address \ - I 

1

1 

~o~~~~su!:~nical, DiXO~SII 
London Wl. "RK:hnncaa 

Lei:Ol-4378811 OF$0-0~ cf 
· WW/35/12 ---, _. ~ -------..Iiili I -

'Also ••••lable showing seconds. monules. hou•. day, ononth, yea<Thos mcdel os 
very suotable for lome laMe vodco recording. 
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Four easy steps to improve 

your instructional video system. 

r i iiii—r 2 

First purchase a good monitor The ITC PM1711 
for example, is perfect.lt guarantees clarity, 
brilliance and definition; even if the picture comes 
straight from the moon. And our price is strictly 
earthbound,just £140. With the special video effects 
we have in mind, you'll need the ITC PM 171T monitor. 

'■K 

5tT—  —. S'AB! HOlO 
MO« OAtS N8S MtN S8C 1 wSfcC , V1I7J HVh MATT 

Next purchase the VTG-33F time and date 
generator It gives legible reading from 100th of a 
second,through seconds, minutes, hour, day, month! 
Perfect for any countdown.The precise timing is 
provided by the electronic crystal controlled 
IC circuitry This generator is compatible with any 
new or existing television system,colour or black 
and white. And costs just £280. 

(Prices subject to VAT) 

Now add the VP 315 video pointer. This 
advanced unit superimposes an arrow indication 
on your video system picture. The joy-stick control 
panel makes arrow positioning simple. And the 
arrow can be shown in black or white in a steady 
or flashing model either horizontal or vertical, in any 
size you want. We bring it to you at only £285. 

Lastly,step into Dixons Technical.That's 
where you can buy all the above hardware. 
While you're in, look over all the other space- 
age equipment we have for improving your 
video system.We'll give you a personal 
demonstration,help you choose the 
equipment you need,then install it. 

Please send full details for the 

ITC PM 171T Monitor □ 
The VTG-33F Video Display Generator □ 
The VP 315 Video Pointer □ 
Name  

Address- 

To: Dixons Technical, 
3 Soho Square, 
London Wl. 
Tel: 01-4378811 

Dixons 
l^eHnicaiiUd OFSCHDSOJAHE | '  

'Also available showing seconds, minutes, hou'. day monih, year This mocel :s 
very suitable for time lapse video recording. 



Time and again we are asked for reprints 
ofWireless World constructional 

projects: tape, disc, radio, amplifiers, 
speakers, headphones. Demand 

continues long after copies are out of 
print. To meet the situation we have 

collected fifteen of the most sought after 
designs and put them in one inexpensive 
book. And we've updated specifications 

where necessary to include new 
components which have become 

available. A complete range of 
instruments is presented, from the 

Stuart tape recorder and Nelson-Jones 
f.m. tuner, through the Bailey, Blomley 

and Linsley Hood amplifiers, to the 
Bailey and Baxandallloudspeakers 

-some of which have been accepted as 
standard in the industry. 

high fid~lity 
des1gns 

£I from newsagents and bookshops 
or £1.35 (inclusive) by post from the publishers. 

A book from 

Wireless World 

Wireless World, December 1974 

~---------------~-----To: General Sales Department, Room 1 1, Dorset Houst:, 
Stamford Street, London, SEt 9LU 

Please send me . .. -·······-··-···copyfcopies of High F idelity Designs 

at£ 1.35 inclusive. I enclose remittance value£ .... ............... . 
(cheques payable to IPC Business Press Ltd.). 

:-.;AME ..... . 
(please print ) 

ADDRESS... .... . 

Company rcgiSiered in lingland No. 6771>8 
Regd. office; Dorset House, Stamford Street, London SEz 9LU I 

______________________ _, ______________________ _. 
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Nbu've asked 

for it! i 

Time and again we are asked for reprints 

of Wireless World constructional 
projects: tape, disc, radio, amplifiers, 

speakers, headphones. Demand 

continues long after copies are out of 
print. To meet the situation we have 

collected fifteen of the most sought after 

designs and put them in one inexpensive 

book. And we've updated specifications 

where necessary to include new 

components which have become 

available. A complete range of 

instruments is presented, from the 

Stuart tape recorder and Nelson-Jones 
f.m. tuner, through the Bailey, Blomley 

and Linsley Hood amplifiers, to the 

Bailey and Baxandall loudspeakers 

- some of which have been accepted as 

standard in the industry. 

high fidelity 

designs 

£i from newsagents and bookshops 
or £i-3S (inclusive) by post from the publishers. 

A book from 

Wireless World 

. -ill 
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To: General Sales Department, Room 11, Dorset House, 
Stamford Street, London, SEt 9LU 

Please send me copy/copies of High Fidelity Designs 

£ 1 - 35 inclusive. I enclose remittance value £  
(cheques payable to IPG Business Press Ltd.). 

NAME  Cplcasc prim) 
ADDRESS.. 

Company registered in England No. 677128 
Hcgd. office; Dorset House, Stamford Street, London SEt 9LU 
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POWER~TS ~ 
NOW AVAILABLE WITH 3 I 
VARIABLE OUTPUTS 

~ 

The symbol of 
souna quality. 

Unit Audio 

a23 

TypeVRU/30/25-£166.75 + 8%VAT 

Superbly made speaker 
enclosures containing high quality 
units designed to improve your 
listening pleasure. 

Input 20(}....250V. 50Hz 
or 10(}....120V. 60Hz to order 

Output 1 :(}....30V. 25A. D.C. 
Output 2:(}....70V. 10A. A.C. 

Output 3:(}....250V. 4A. A. C. 

Other units are also avai 
with outputs of: 

(}....60V 12A. 
(}....120V 6A. 

(}....240V 3A. 

WW-020 FOR FURTHER DEIAn.S 

DIGITAl ClOCKS 
BYWOOD DIGITRONIC m 

' 

The DIGITRONIC Ill is the latest addition to the range of digital 
clocks and kits available from BYWOOD. The solid-state heart of 
the clock is the CAL·TEX CT7001 with the Be.ckman (Sperry) 
orange neon seven segment display for the readout. The clock has 
time, date and alarm functions with a snooze alarm disable feature 
for use on cold, wet mornings. 

The recommended retail price of the clock is £46.50 plus VAT 
but the special offer price is only £30.00 including VAT, a saving of 
over £20, a Christmas present from us to you. 

BUT I The offers do not end there. Each coupon also counts as an 
entry to our competition, the winners will be given the choice of 
another DIGITRONIC Ill or the return of their £30. The five lucky 
winners will be picked at random from all the correct entries on 
19th December 1974 and we hope will receive their clock or cheque 
in time for Christmas. 

Competition is only open to customers purchasing on the special 
offer. offer and competition open until 5pm 18th December. coupon 
must accompany all orders-if somebody has already used the 
coupon phone us, we may be able to help. You don't have to answer 
the competition to get the special offer. 

The competition is based on the fact that leap years are the only 
things that upset the DIGITRONIC Ill as they do not take Feb. 
29th into account. To help envisage how often this happens we 
would like you to tell us how many leap years there have been in 
England between Jan. 1st 1474 and Dec. 31st 1974, i.e. in the past 
500 years. 

For further details on our products please send SAE to-

Ask for demonstrations of the 
KR6, PF6, PF8, MP6, MP138. 

Power ratings 
from 8 watts 
(music power) 
to 20 watts 
(music power). 

Illustrated here is 
thenewMP6. 

For further information and address of your local stockist write to: 
K.F. Products Ltd .. Ashton Road, Bredbury, Stockport. Cheshire. 

WW-032FOR 

SPECIAL OFFER 
COMPETITION 

DETAILS 

.11'5 23 sst 
.... . 

0'.41TA'Qit1C1!j 

...£46.69 I 'VA I 
OFFER PRICE £30.00 

r SP~AL ~FE~OU;;N 
To: Bywood Electronics. 

181 Ebbems Road. 
Hamel Hempstead. 
HP3 9ROW. 

FROM-

I oncloso choque;cash/P.O./M.O. to the value of 
£30.00, please send me a DIG IT RONIC Ill clock. 

BYWOOD ELECTRONICS My competition answer Is that there have been 
...... ·. leap years In the past 500 years. 

Br'UJDDlJ 181 Ebberns Road, 
Hemet Hempstead, 
Hertfordsh ire. 
Tel. 0442-62757. 

Offer and competition closing date ls 5 pm 
18th December, 1974. 

Clocks will be despatched In tlme for Christmas. 
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POWER UNITS 

NOW AVAILABLE WITH 3 
VARIABLE OUTPUTS 

Type VRU/30/25-f 166.75 4 

Input 200—250V. 50Hz 
or 100-120V. 6OH2 to order 

Output 1:0-30V. 25A, D.C. 
Output 2;0-70V. 10A. A.C. 

Output 3:0-250V. 4A. A.C. 

VAT 

Other units are also available 
with outputs of: 

0-60V 12A. 
0-120V 6A. 

0-240V 3A. 

ALL CONTINUOUSLY 
VARIABLE 

SEND FOR FURTHER DETAILS 
OF THESE VERSATILE UNITS TO 

\/ol*acltO LIMITED. BROWELLS LANE. 
FELTHAM, TW13 7EN, MIDDLESEX. 

TELEPHONE 01-890 4242 

WW—020 FOR FURTHER DETAILS 

The symbol of 

sound quality. 

Unit Audio 
Superbly made speaker 
enclosures containing high quality 
units designed to improve your 
listening pleasure. 
Ask for demonstrations of the 
KR6, PF6, PF8, MP6, MP138. 

Power ratings 
from 8 watts 
(music power) 
to 20 watts 
(music power). 

Illustrated here is 
the new MP6. 

For further information and address of your local stockist write to; 
K.F. Products Ltd., flshton Road, Bredbury, StocKport, Cheshire. 

WW—032 FOR FURTHER DETAILS 

DIGITAL CLOCKS 

BYWOOD DIGITRONIG III 

The DIGITRONIC III is the latest addition to the range of digital 
clocks and kits available from BYWOOD. The solid-state heart of 
the clock is the CAL-TEX CT7001 with the Beckman (Sperry) 
orange neon seven segment display for the readout. The clock has 
time, date and alarm functions with a snooze alarm disable feature 
for use on cold, wet mornings. 

The recommended retail price of the clock is £46.50 plus VAT 
but the special offer price is only £30.00 including VAT, a saving of 
over £20. a Christmas present from us to you. 

BUTI The offers do not end there. Each coupon also counts as an 
entry to our competition, the winners will be given the choice of 
another DIGITRONIC III or the return of their £30. The five lucky 
winners will be picked at random from all the correct entries on 
19th December 1974 and we hope will receive their clock or cheque 
in time for Christmas. 

Competition is only open to customers purchasing on the special 
offer, offer and competition open until 5pm 18th December, coupon 
must accompany all orders—if somebody has already used the 
coupon phone us, we may be able to help. You don't have to answer 
the competition to get the special offer. 

The competition is based on the fact that leap years are the only 
things that upset the DIGITRONIC III as they do not take Feb. 
29th into account. To help envisage how often this happens we 
would like you to tell us how many leap years there have been in 
England between Jan. 1st 1474 and Dec. 31st 1974, i.e. in the past 
500 years. 

For further details on our products please send SAE to — 

BVUDDD 

BYWOOD ELECTRONICS 
181 Ebbatns Road, 
Hemel Hempstead, 
Hertfordshire. 
Tel. 0442-62757. 

SPECIAL OFFER 

COMPETITION 

.ia&ee-fWT" 

OFFER PRICE £30.00 

SPECIAL OFFER COUPON 
To: Bywood Electronics. 

181 Ebbems Road. 
Hemel Hempstead, 
HP39RDW. 

FROM 

1 enclose chegue/cash/P.O./M.O. to the value of 
£30.00, please send me a DIGITRONIC III clock. 
My competition answer is that there have been 
 leap years in the past 500 years. 
Offer and competition closing date Is 5 pm 
18th December, 1974. 
Clocks will be despatched in time for Christmas. 
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Lit1stead 
lWi11 St«tl1ilised 
Po,ver· SUJ1J11ie~ 

Eaeh comprising: 
Two powerful bench supplies. 

Continuously variable. 
lmlependently operable, or in series, or parallel. 

Fully protected against overload and short circuit •. 
In one compact robust case. 

Sl
2xO t o 20VOto0.5A 

:.~::onty 1 volt st- and flna £& 
7 9 0 Voltage s.et by contro-fs. 

8 Cvnent- continuously monitored, 
o to 100mA. o to o .6A. plus VAT 
Current Umiting protection. 

Sr; 2 X 0 t o 30V.O to 1A. 

S et by swi~ches and flne controt. £7 9 90 
Meters swttchable f or vottt. 
0 to 100mA and 0 to 1A. • 
Re,entrant protection. Pilot 
indication of overload. plus VAT 

An.s/ead 
the best for less 

BRITISH HADI! BY LI NSTEAD 
Linstead Electronics, Roslyn Works, Roslyn Road 

London N15 5JB. Telephone 01-802 5144 
lr•land, Lennox: La.borator'Y Supplies Ltd •• l w4 South Leinst•r Str .. t 

P.O. Box lilA-. Dublin 1 
D•nmark, Scanfyaik, l l-15 Hjorrinal'ade, Dk 1100, Copenhacen 
Swaden, I!!:MI Svenska A / B. Tritonvaaen t1, Fack, 171 It SoJn& 1 

Norway, EMI Nortk A/S, Poatboka 41 Ko r1voll, Oslo 8 
M a laytfa, Laboratory Equipment Sdn, Bhd., P.O. Box 60, 8atv Pahat 

Be nelux. A.S.E. Ltd •• Nationalettreet l t. 8 ·1000 Antwetp 
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new muLTI-PEn 
REEDRDERS 

with even 
greater 
performance. 
100}JVf.s. 
0.3 sec. f.s. 

MULTICORDER 
• M ulli·channel. 2 - 6 w ith fu ll range 

zero se1. 

• M ulto· pen felt tipped. 6 colours 

• 16swotched chart speeds. 2.5 mm/hr 
to 1200 mm/min. 

•cho•ce of Z lold or roll chart 

° Five plug-on preamplifoers 
swo tched ranges 100 uv- 500 V f.s. 
sensitivi ty . Also 100 mV for OEM . 

OEM version ENVIRONMENTAL EQUIPMENTS 
LTD. 
Easthea th Avenue. Wokingh~m. Berkshire 
RG1 1 2PP. Tel: W okingham 784922. 

WW-()09 FOR FURTHER DETAILS 

Countless uses in industry and offices 
*QUICK AND EASY TO APPlY -

EVEN IN AWKWARD PLACES 
* SAVES DAMAGE TO WOOD AND PAINTWORK 
*STICKS OH INSTANTLY: HOLDS WIRE FIRMLY 
You'll save enormous time and trouble with the 
new Brandauer adhesive staple. Just peel off the 
backing strip and press staple into place. Then 
bend clips over to hold wire firmly in position. 
No messing with pins, tacks, soldering or 
drilling. No damage to woodwork, e.g. skirting 
boards. Use the Brandauer Staple for any wall, 
frame or cabinet wiring jobs - it's wonderfully 
easy for fitting in those awkward corne rs. 

Send now for details to: 

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

WW-646 FOR FURTHER DETAlLS 
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Liiistcad 

Twin Stabilised 

Power Suppl ies 

Each comprising: 
Two powerful bench supplies. 

Continuously variable. 
Independently operable, or in series, or parallel. 

Fully protected against overload and short circuit. 
In one compact robust case. 

vs- i-r 

-m 

2x0 to 20V 0 to 0.5A 
with twenty 1 volt steps and fine 
control. 
Voltage set by controls. 
Current continuously monitored. 
0 to 100mA. 0 to 0.5A. 
Currant limiting protection. 

£67.90 
plus VAT 

■as 

0 

2x0 to 30V 0 to 1 A. 
Set by switches and fine control. 
Meters switchable for volts. 
0 to 100mA and 0 to 1A. 
Re-entrant protection. Pilot 
indication of overload. 

£79.90 
plus VAT 

the best for less 
BRITISH MADE BY LINSTEAO 

Linstead Electronics, Roslyn Works, Roslyn Road 
London N15'SJB. Telephone 01-802 5144 

Ireland, Lennox Laboratory Supplies Ltd.. 3-4 South Leinster Street P.O. Box 2I2A, Dublin 2 
Denmark, Scanfysik, 13-15 Hiorringsade, DK 2100, Copenhagen 
Sweden, EMI Svcnska A/B, Tritonvagen 17, Fack. 171 19 Solna I 

Norway, EMI Norsk A>'S, Postboks 42 Korsvoil, Oslo 8 
Malaysia, Laboratory Equipment Sdn. Bhd., P.O. Box 60, Batu Pahat 

Benelux, A.S.E. Ltd., Nationalestreet 38, B-2000 Antwerp 

WW—057 FOR FURTHER DETAILS 

neui muiii-PEn 

RECORDERS 

with even 
greater 
performance. 
lOOjuVf.s. 
0.3 sec.f.s. 

MODEL 
MC641 

'J. 

MULTICORDER 

OEM version 

* Multi-channel, 2-6 with full range 
zero set. 

"Multi-pen felt lipped. 6colours 
" 1 6 switched chart speeds. 2.5 mm/hr 
to 1 200 mm/min. 

'Choice Of Z fold or roll chart 
:::Five plug-in preamplifiers 
switched ranges 1 00 uv - 500 V f.s. 
sensitivity. Also 100 mVfor OEM. 

ENVIRONMENTAL EQUIPMENTS 
LTD. 
Easthealh Avenue. Wokingham. Berkshire 
RG11 2PP. Tei: Wokingham 784922 

WW—009 FOR FURTHER DETAILS 

Make light work - „ 

of wiring ^^0* 

with the NfW^ 

ifeg 

^ SELF ADHESIVE 

^ WIRE STAPLES 

Countless uses in industry and offices 

^QUIGKAND EASY TO APPLY- 
EVEN IN AWKWARD PLAGES 

^SAVES DAMAGE TO WOOD AND PAINTWORK 
^STICKS ON INSTANTLY: HOLDS WIRE FIRMLY 
You'll save enormous time and trouble with the 

Die. Just peel off the 
e into place. Then 
irmly in position. 

new Brandauer adhesive sta 
backing strip and press stap 
bend clips over to hold wire 
No messing with pins, tacks, soldering or 
drilling. No damage to woodwork, e.g. skirting 
boards. Use the Brandauer Staple for any wall, 
frame or cabinet wiring jobs — it's wonderfully 
easy for fitting in those awkward corners. 

Send now for details to: 

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

WW—046 FOR FURTHER DETAILS 
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REED TYPE FREQUENCY METERS* 
For 220-250V Mains 

Measuring range 4,5 to 55Hz with 
resolution of 0 .5Hz 

Accuracy: 
at50Hz ±0.25Hz 
on other readings ± 1 % 

Flush mounted square 

Flange 85mm 

Barrel 80mm dia. 

Depth from the panel 
(incl. terminals) 71 .5mm 

current consumption 1Om a max. 

Price £7.50 plus VAT 

AC CLAMP 
VOLT AMMETER 

U91 * 
Current ranges: 

10-25-100-250-
500 amps 

Voltage ranges 300-600V 

Accuracy 

Scale length 

4% 

60mm 

M ax diameter of conductor 
60mm 

Price, complete wit h imita ­
t ion leather carrying case . 

leads and spare fuse 

£13.50 plus VAT 

* Made in USSR 

AVAILABLE FROM STOCK FROM 

Z & I AERO SERVI·CES LTD 
44A WESTBOURNE GROVE, LONDON W2 

- -

Telephone 01-727 5641 

TAKE A CLOSE LOOK 

at a professional recorder that offers high performance. 
excellent reliability and is very easy to maintain. Ask 

yourself why so many commercial radio stations and 

recording studios are doing their best to wear them out, 
and not having much success. Decide if you need mono 
or stereo. console transportable or rack mounting versions 
and then inquire about prices. 
We are sure you will be very pleasantly surprised. 

Telex 261306 

The symbol of 
souna quality. 

Indoor Column 
Speakers 
Ideal for Clubs, Cinemas, 
Concert Halls, Churches etc. ; 
particularly suitable where 
acoustic difficulties are 
ex pe rien ced ·especially 
feedback. 
Alternative finishes 
available are Black Vynide 
or Teak. 

a25 

BIAS ELECTRONICS LTD. 01-540 8808 

Power ratings from 10 watts 
RMS to 30 watts RMS. 

W410: One of a range of 4 columns available. 
15 ohms impedance, or l OOvline. 

572 KINGSTON ROAD, LONDON SW20 SDR For further information and address of JOUr local stockist write-to: 
K.F. Products Ltd.. Ashton Road, Bred bury, Stockport, Cheshire. 

WW-QZS FOR FURTHER DETAILS WW-u:33 FOR FURTHER DETAILS 
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REED TYPE FREQUENCY METERS* 
For 220-250V Mains 

Measuring range 4,5 to 55Hz with 
resolution of 0.5Hz 

Accuracy: 
at 50Hz ± 0.25Hz 
on other readings ±1% 

Flush mounted square 

Flange 85mm 

Barrel 80mm dia. 

Depth from the panel 
(incl. terminals) 71.5mm 

Hz 

current consumption 10ma max. 

Price £7.50 plus VAT 

AC CLAMP 

VOLTAMMETER 

U91* 
Current ranges: 

10-25-100-250- 
500 amps 

Voltage ranges 300-600V 

Accuracy 4% 

Scale length 60mm 

Max diameter of conductor 
60mm 

Price, complete with imita- 
tion leather carrying case, 

leads and spare fuse 
£13.50 plus VAT 

*Made in USSR 

A VAILABLE FROM STOCK FROM 

Z & I AERO SERVICES LTD 

44A WESTBOURNE GROVE, LONDON W2 

Telephone Of-727 5641 Telex 261306 

TAKE A CLOSE LOOK 

at a professional recorder that offers high performance, 
excellent reliability and is very easy to maintain. Ask 
yourself why so many commercial radio stations and 
recording studios are doing their best to wear them out, 
and not having much success. Decide if you need mono 
or stereo, console transportable or rack mounting versions 
and then inquire ebout prices. 
We are sure you will be very pleasantly surprised. 

BIAS ELECTRONICS LTD. 01-540 8808 
572 KINGSTON ROAD. LONDON SW20 SDR 

The symbol erf 

sound quality. 

Indoor Column 
Speakers 
Ideal for Clubs, Cinemas, 
Concert Halls, Churches etc.; 
particularly suitable where 
acoustic difficulties are 
experienced-especially 
feedback. 
Alternative finishes 
available are Black Vynide 
or Teak. 
Power ratings from 10 watts V(4io;oneolaraneeof4columns available 
RMS tO 30 WattS RMS. 15 ohms impedance, oilOOvline. 
For further information and address of your local stockist write to; 
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire. 

WW—028 FOR FURTHER DETAILS WW—033 FOR FURTHER DETAILS 



a26 
Wireless World, December 1974 

Barr & Stroud~s new EF3 Electronic Filter System already available, provide filtering with variable cut-offs means no more compromises when you buy variable between 0.01 Hz and 1 O.OkHz, stop-band attenuation filters. Now you can get the filter you need today, of 48dB/ oct. (96dB/ oct. in cascade). and pass-band 
and additional plug - in units tomorrow. Today-the response from de to 500kHz. Get full details of ' basic main frame and your choice of two modules to EF3; the big breakthrough in electronic filtering from 
operate in low-pass, high-pass, band- pass, band-stop, BARR & STROUD LIMITED 

/ IBA.R~ AN~ 
fj i ;Jell). 

band-separate, band-combine or cascade modes. 1 Pall Mall East, london SW1 Y 5AU 
Tomorrow- other interchangeable modules to meet Tel: 01 -930 1541 
your newest requirements. The first two modules. Telex: 261877 Glasgow and London 

;• 

WW-015 FOR FURTHER DETAILS 

type PL100 
Professionally designed to cater for a w ide spectrum of low· 
frequency measurem·ent and display needs, this British plotter 
features high-grade, versatile performance at a realistic price. 

ALL SOLID STATE ELECTRONICS 

TRANSDUCER POWER AND INPUT FACILITIES 
PLUG-IN FRONT END FLEXIBILITY 

High gain - 1 mV and 1 !J.A/cm 
Differential - 50 fJ.Vfcm 
Linear Level - 500 fJ.V/cm 
Logarithmic - 2 and 5 voltage decades 
Time Base - 1 1 sweep speeds-5 sec 500 mins 

Linearity - 0.1% 
Repeatability - ± 0.1% 
Writing Speed - 200 mm/sec 

BASIC PLOTTER 

£253 
Contact us lot brochure and demonstration. Prices subject to VAT. 

~-014 FOR FURTIIER DETAILS 
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Barr & Stroud's new EF3 Electronic Filter System 
means no more compromises when you buy variable 
filters. Now you can get the filter you need today, 
and additional plug-in units tomorrow. Today —the 
basic main frame and your choice of two modules to 
operate in low-pass, high-pass, band-pass, band-stop, 
band-separate, band-combine or cascade modes. 
Tomorrow — other interchangeable modules to meet 
your newest requirements. The first two modules, 

ww— 

p High Pass/High Pass ^ , 

- 

nnlw f Hct c*£irfl npppil 
■ ■ • .. 

already available, provide filtering with variable cut-offs 
between 0.01 Hz and 10.0kHz, stop-band attenuation 
of 48dB/oct. (96dB/oct. in cascade), and pass-band 
response from dc to 500kHz. Get full details of 
EF3, the big breakthrough in electronic filtering from 
BARR & STROUD LIMITED    
1 Pall Mall East, London SW1Y 5AU / ^^ ainii 
Tel; 01-9301541 ^EZZIZsZIZ 
Telex: 261877 Glasgow and London 

015 FOR FURTHER DETAILS 

XV/t plotter 

fi, 

W. m 
m 
m 

m 

□Odl 
rOSTRUMEMTS 

type PL100 
Professionally designed to cater for a wide spectrum of low- 
frequency measurement and display needs, this British plotter 
features high-grade, versatile performance at a realistic price. 

ALL SOLID STATE ELECTRONICS 
TRANSDUCER POWER AND INPUT FACILITIES 

PLUG-IN FRONT END FLEXIBILITY 
High gain — 1 mV and 1 uA/cm 
Differential — 50 (iV/cm 
Linear Level — 500 pV/cm 
Logarithmic — 2 and 5 voltage decades 
Time Base — 11 sweep speeds-5 sec 500 mins 

Linearity 
Repeatability 
Writing Speed 

-0.1% 
- --to.i% 
— 200 mm/sec 

BASIC PLOTTER 

Contact us /or brochwe and demonstration. Prices subject to VAT. 

J. J. Lloyd Imlruments Limitecfl 

Brook Avenue. Warsash,Southampton S036HP. TeLLocks Heath 4221 

Telex No: 477042 - JAY JAY-SOTON 

WW—014 FOR FURTHER DETAILS 
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[ -r I RADFORD] 

AUDIO MEASURING INSTRUMENTS 

LOW DISTORTION OSCILLATOR SERIES 3 

A continuously variable frequency laboratory oscillator 
with a range 1OHz-1OOkHz. havingvirtuallyzerodistortion 
over t~e audio frequency band with a fast settling time. 

Specification: 
Frequency range: 
Output voltage: 
Output source resistance: 

Output attenuation: 

1OHz-1OOkHz (4 bands) 
10 volts r.m.s. max. 
1 50 ohms unbalanced 
(optional 150 ohms unbalanced. 
plus 150/600 ohms balanced/floating) 
0-1 OOd B (eight, 1 OdB steps plus 
0-20dB variable) 

Output attenuation accuracy: , 1 % 
Sine wave distortion: Less than 0.002% 1OHz- 10kHz 

(typically below noise of measuring 
instrument) 

Square wave rise and fall 
time: 

Monitor output meter: 
Mains input: 
Size: 

40/60 n.secs. 
Scaled 0-3.0-10, and dBV. 
110V/130V, 220V/240V 
17" (43cm) X 7" (18cm) high X 
St" (22cm) deep 

Price: 150 ohms unbalanced output: £250 
150/600 unbalanced/balanced floating output: £300 

DISTORTION MEASURING SET, SERIES 3 
(illustrated above) 

A sensitive instrument with high input impedance for the 
measurement of total harmonic distortion. Designed for 
speedy and accurate use. Capable of measuring distortion 
products down to 0.001%. Direct reading from calibrated 
meter scale. 
Specification : 
Frequency range: 
Distortion range (f.s.d.): 
Input voltage measurement 

range: 
Input resistance: 
High pass filter: 
Power requirement: 
Size: 

Price: 

5Hz-50kHz (4 bands) 
0.01%-100%(9 ranges) 

50mv--60V (3 ranges) 
47K·ohms on all ranges 
12dB/octave below 500Hz 
2 X PP9, included. 
17" (43cm) X 7" (18cm) high X Sf" 
(22cml deep 
£200 

Now available in reasonable delivery time 

RADFORD LABORATORY 
INSTRUMENTS LIMITED 

Bristol BS3 2HZ 
Telephone 0272 662301 

WW-049 FOR FURTHER DETAILS 
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magnetic shields 
magnetic alloys 

and cores 

We manufacture a wide range of Mumetal 
shielding cans and boxes and fabricate 
shields for CRT's, t.ransformers etc., 
to customers· own designs. These are 
made to the highest standards and 
have optimum properties (as sole 
UK/Europoan manufacturers of Mumetal 
we have years of experience}. For 
large quanti ties we recommend the 
'Tolform' process which provides 
maximum uniformrty. extra close 
tolerance and ma.ximum performance. 
For R & 0 and prototype work- try 
'T elshield', do•rt yourself, wrap· 
around foil. Supplied in handy 
packs costing around £5.00- it's 
simple and quick to use. 

M u imvl"l St!UIIItoiO-t\ llltm.tn~ .. Bre.n. C::~u:ivi:y Hvu•'••l• C:w''-
l>eltN!Ibillv P\'t"NI&bi!Otv I.IUC ,rom wtwr•hon He. lOo»ttftutf)Oint 

(Cie ..,,. 

ssooo 240000 
.. 000 300000 

127000 350000 

.. ooo 240000 
0000 30000 

11000 100000 
3000 2<)000 

3!>00 60000 
70000 

100ci0o 
1000 7000 

70000 
zoo zooo 

01\d.X:IJOI\ 
stnte) 

u .. ,. .. , (A!ii\)(J/Mlfc¥elt) c C) 

0.71 0.37 1.0 ... 3GO 
0.71 0.71 ... ..• ... 
o.n 0.4 o.ss 0.0 ..., 
0.1 0.7 ... '·· .... 
14_6 ___ 0.7 2.0 IZ ..., 
1 .• ... 
1.2 
1.4 
1.0 .... 
2.30 
2.tl!l 
2.3> ... 

1.0 s.o .. ... 
1.1 3 .2 zo .,. ... 1&.0 ,. .,. 
1,0 ... 
1.35 8.0 . .. 10 
1.5 135 
Z.05 , ... 
1.05 950 
1.0 zoooo 

We manufacture a wide 
range of strip wound. high 
permeabil ity cores in the 
Mumetal, Radiometaf. Permendur 
and H C R groups of alloys. 
These cover a wide range of 
appljcations including: current, 
pulse, telecommunication. earth 
leakage transformers, relays, 

magnetic amplifiers. synchros, 
high speed generators, and 

transducers. All Tefcon producls 
are made to the highest standards 

and undergo stringent testing 
before despatch. 

mTELCON 
.-Nilllll Telcon Metals ltd. Manor Royal. 
~ Crawley, Sussex, Crawley: 28800 

WW~I8 FOR FURTHER DETAILS 

Wireless World, December 1974 3.21 

|*| RAP FORD 

AUDIO MEASURING INSTRUMENTS 

LOW DISTORTION OSCILLATOR SERIES 3 

A continuously variable frequency laboratory oscillator 
with a range lOHz—l 00kHz. having virtually zerodistortion 
over the audio frequency band with a fast settling time. 

Specification: 
Frequency range: 
Output voltage: 
Output source resistance: 

Output attenuation; 

Output attenuation accuracy: 
Sine wave distortion: 

10Hz—lOOkHz (4 bands) 
10 volts r.m.s. max. 
150 ohms unbalanced 
(optional 150 ohms unbalanced, 
plus 150/600 ohms balanced/floating) 
0—1 OOdB (eight, 10dB steps plus 
O-20dB variable) 
1% 
Less than 0.002% lOHz-IOkHz 
(typically below noise of measuring 
instrument) 

Square wave rise and fall 
time: 

Monitor output meter; 
Mains input: 
Size: 

40/60 n.secs. 
Scaled 0-3. 0-10, and dBV, 
110V/130V, 220V/240V 
17" (43cm) x 7" (18cm) high X 
8-i" (22cm) deep 

Price: 150 ohms unbalanced output: £250 
150/600 unbalanced/balanced floating output: £300 

DISTORTION MEASURING SET, SERIES 3 
(illustrated above) 

A sensitive instrument with high input impedance for the 
measurement of total harmonic distortion. Designed for 
speedy and accurate use. Capable of measuring distortion 
products down to 0.001%. Direct reading from calibrated 
meter scale. 
Specification: 
Frequency range: 
Distortion range (f.s.d.l; 
Input voltage measurement 

range: 
Input resistance: 
High pass filter: 
Power requirement: 
Size: 

Price: 

5Hz-50kHz (4 bands) 
0.01 %-100% (9 ranges) 

50mv—60V (3 ranges) 
47 K ohms on all ranges 
12dB/octave below 500Hz 
2 x PP9, included. 
17" (43cm) X 7" (18cm) high X Bi" 
(22cml deep 
£200 

Now available in reasonable delivery time 

RADFORD LABORATORY 

INSTRUMENTS LIMITED 

Bristol BS3 2HZ 
Telephone 0272 662301 

TELCON 

magnetic shields 

soft Hi magnetic alloys 

and cores 

SHIELDS We manufacture a wide range of Mumetal 
shielding cans and boxes and fabricate 
shields for CRTs, transformers etc.. 
to customers' own designs. These are 
made to the highest standards and 
have optimum properties (as sole 

^ UK/European manufacturers of Mumetal 
| we have years of experience). For 

large quantities we recommend the 
Telform" process which provides 

maximum uniformity, extra close 
tolerance and maximum performance. 
For R&D and prototype work - try 
Telshield', do-it yourself, wrap- 
around foil. Supplied in handy 
packs costing around £5.00- it's 
simple and quick to use. 

ALLOYS Typical maBnel'C Imlnl Maximum Smu'Dlkzh eabil.lv peimxabilily 'Sine Oc ps> inducUon 
'f>, COticivi'.y HyUeielii Cui* nuioiion He LossaiBmpoin llesto) TO ITesla) 

Mumetal 55 00C 240 OCO 0.77 0.37 1.0 3.2 350 
C3 000 300 000 0.77 0.37 0.8 1.3 3bC 

Supcrmu metal 127 000 350 000 0.77 0.4 0.55 0.9 350 
0.8 0.7 2.4 7.5 3bU 

Salmumctol 65 0CC 240 COO V.O 0.7 2.0 12 550 
6 000 30 COO 1.6 1.0 $.0 40 525 

1! CCO 100 OCO 1.6 1.1 3.2 20 526 
Radlomeial 36 3 COO 20 000 -.2 0.6 16.0 76 275 
Hyibo Hafliomeial 3 600 60 OOC 1.4 1.0 8.0 4b 526 
Hyiem RaCiDmcIa! 70 OOC 1.6 1.35 8.0 50 525 
HCR Allov TOO COO 1.54 1.0 10 6b 625 
Permendur 1 ooc 7 CCC 2.30 1.5 135 1 270 975 
Pormandui 24 250 2 COO 1.66 950 925 

20000 IZxiC 

CORES 
We manufacture a wide 
range of strip wound, high 
permeability cores in the 
Mumetal, Radiometal, Permendur | 
and HCR groups of alloys. 
These cover a wide range of 
applications including: current, 
pulse, telecommunication, earth 
leakage transformers, relays, 

magnetic amplifiers, synchros, 
high speed generators, and 

transducers. All Telcon products 
are made to the highest standards 

and undergo stringent testing 
before despatch. 

WW—049 FOR FURTHER DETAILS 

niELCON 
KlVIfl Telcon Metals Ltd. Manor Royal, 

Crawley, Sussex, Crawley; 28800 
WW—018 FOR FURTHER DETAILS 
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Now suitable for 
U.K., European 
and American 

voltages ... 
Minimod, the versatile British made range. of 

encapsulated power supplies first introduced in 1973, 
has now been extended to cover European and North 
American mains voltages (and is interchangeable with 
most American types). Normally available ex-stock, 
all units are fully stabilised with fold back current 

limiting- the 5V models have over voltage crowbar tool 

STANDARD MODELS 

Type Output 
Number Voltage 

Output 
Current 
Amp$ 

Short Circuit 
Current mA 
(Typical) 

% Regulation 
Line and Load 
(Typical) 

PU01 
PU02 
PU03 
PU04 
PU05 
PU06 

5±0.1 0.5 370 0.3 
5 ±0.1 1.0 770 0.5 
15- 0-15 ± 0.2 0.10 37 0.1 
15- 0-15±0.2 0.20 84 0.1 
12-0-12±0.2 0.12 45 0.1 
12-0-12±0.~ 0.24 120 0.2 

Input voltage ranges 103- 126V, 200- 240V. 
210- 250V. Frequency 50- 400 Hz all types. 

Comprehensive specification given in brochure GT 29b 
which is available on request . 

.-----*SPECIAL DESIGN SERVICE ------, 
Custom built units for applications requiring different 

specifications are produced as part of our 
standard service. Try us first. 

Specialists in Electronic Transformers & Power Supplies. 

GARDNERS 
TRANSFORMERS LIMITED 

Gardners Transformers limited. Christchurch. Dorset. BH23 3PN 
Tel. Christchurch 2284 (STD 0201 5 2284) Telex. 41276 GARDNERS XCH 

WW--056 FOR FURTHER DETAILS 
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STARWET 
Spectrum Analyser 
Module ST858 

SPECIFICATION: Frequency range 10 MHz to 850 MHz in two 
calibrated ranges Sensitivity Better than 50 mv for 0.5V per em 
Resolution Better than 25 KHz. Dispersion From less than 1 MHz 
to 400 MHz variable Input Via 50 ohm BNC connector on front panel 
Output 1 Coax cable for connection to Y input on scope Output 2 
Coax cable for connection to sync. input on scope Power ritquil'e­
ments 240 volts AC 50 Hz 10 watts. (Other voltages and frequencies 
available as required) Size Width 11in (2&m.) Height 4.375in. 
(1 1.2cm.) Depth 8.5in. (21 .6cm.) Nett weight 7.51bs (3.4 Kg) Gross 
weight 1 Olbs (4. 5 Kg.) 

For further details contact the sole distributors of 
STAR WET equipment: 

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

WW--084 FOR FURTHER DETAJLS 

WW-ill7 FOR FURTHER DETAJLS 

a28 Wireless World, December 1974 

SUFP^ 
pEtSULATEDu osi w_4ooH. 

mooel z00 no w' — ...olir 

Now suitable for 

UK., European 

and American 

voltages., 

Minimod, the versatile British made range of 
encapsulated power supplies first introduced in 1973, 
has now been extended to cover European and North 
American mains voltages (and is interchangeable with 
most American types). Normally available ex-stock, 
all units are fully stabilised with fold back current 

limiting — the 5V models have over voltage crowbar too! 

STANDARD MODELS 

Output Short Circuit % Regulation 
Type Output Current Current mA Line and Load 
Number Voltage Amps (Typical) (Typical) 

PU01 5±0.1 0.5 , 370 0.3 
PU02 5 ±0.1 1.0 770 0.6 
PU03 15-0-15 ±0.2 0.10 37 0.1 
PU04 15-0-15 ±0.2 0.20 84 0.1 
PU05 12-0-12 ±0.2 0.12 45 0.1 
PU06 12-0-12 ±0.2 0.24 120 0.2 

Input voltage ranges 103 - 126V, 200 • 240V. ^ 
210 - 250V. Frequency 50 - 400 Hz all types. 

Comprehensive specification given in brochure GT 29b 
which is available on request. 

 ★SPECIAL DESIGN SERVICE  
Custom built units for applications requiring different 

specifications are produced as part of our 
standard service. Try us first. 

(G&rdrvers) 

Specialists in Electronic Transformers & Power Supplies. 

GARDNERS 
TRANSFORMERS LIMITED 

Gardners Transformers Limited, Christchurch, Dorset, BH23 3PN 
Tel. Christchurch 2284 (STD 0201 5 22841 Telex. 41276 GARDNERS XCH 

WW—056 FOR FURTHER DETAILS 

STAR WET 

Spectrum Analyser 

Module ST858 

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

For further details contact the sole distributors of 
STARWET equipment: 

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

WW—084 FOR FURTHER DETAILS 

Acclaimed as the World's leading 
telescopic tiltover tower m the 
field of radio communication 

Models from 2b' to 170' 

& 
1 ook tor the name 

STHUIVIECH 
Strumech Lngineenng Co Ltd 

Coppice Side. Biownlnlls, Walsall. Staffs 
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\he complete capacitor range 

The electronics industry's standard radial lead 
metallised polyester capacitor. Designed for all 
general purpose applications. 
63 V.d.c. 0.22 to lOmfd. 
100 V.d.c. 0.01 to 6.8 mfd. 
250 V.d.c. 0.01 to 2.2 mfd. 
400 V.d.c. 0.01 to 1 mfd. 
630 V.d.c. 0.01 to 0.47 mfd. 
1000 V.d.c. 0.01 to 0.22 mfd. 
Very good delivery. 

pacilors are inanufactur ed by Wilhelrfi Wejs 

rrVfTW/y m LIMITED 

Wokingham Road, 
Bracknell. Berks RG12 1ND 
Tel: Bracknell 22751 Telex: 848402 
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Transducer and Recorder 

amplifiers and systems 

reliable high performance & practical controls 
individually powered modules-mains or de 
option single cases and up to 17 modules 

in standard 19" crates small size-low weight 
- realist ic prices. 

[p)?'[b[QJ[§ 
Fylde Electronic Laboratories Limited ..._ 
49/51 Fvlde Road. Preston PR 1 2XQ 

Telephone: PRESTON 67560 

WW-621 FOR FURTHER DETAILS 

ENGINEERS 

rom 
YOURSELF FOR A 

BETTER dOB WITH MORE PAY! 
Do l ou want promotion, a better job. hi&ber This helpfal ~de to success should be read 
pay . ·'New Oppommities~ shows you how to by every ambitious engineer, 
get them througbalow-costhomcstudyeourse. SCnd for this helpful 76-pagc FREE book now. 
There are no books to buy and you can pay-as- No obligation and nobody will call on you. It 
~'OU learn. eould be the best thing you ever did. 

·-·CUT OUT THIS COUPON·---, 

C~!k~~f~t~u~!~~!~t~PI!t f.~~~!~f~~~f I 1' 
I Computer Programming 0 I 

Build· As-You-Learn General Radio and TV 

I PRACTICAL RADIO AND E ngineering 0 I 
ELECTRONICS (with kit) 0 Radio Servicing, Maintenance 

I Electrical Engineering 0 and Repairs 0 I 
Electrical Installations and Wu-ing 0 Transistor Technology 0 

I Electrical Draughtsmanship 0 C.&. G. Installations and Wiring 0 I 
Electrical Mathematics 0 C.&. G. Electrical Technicians 0 I Electronic Engineering 0 C. & G. Telecommunications 0 I 

1 
Computer Electronics 0 Radio Amateurs' Exam. etc., etc. 0 

I ALDERMASTON COLLEGE I 
Dept BWW95. Reading RG7 4PF OK I sww9s I I =~:~~~;ckCapitaiiPieue) ... .. ····· · ·· . ..... ..... · I 

I Other aubjects Aa• . I 
Accred;red by C.A.C. C. M8mb8r of A. B.C. C. 

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
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( Transducer and Recorder 

1 amplifiers and systems I 

reliable high performance & practical controls 
individually powered modules—mains or dc 
option single cases and up to 17 modules 

in standard 19" crates small size—low weight 
—realistic prices. 

PV[L[a 
Fylde Electronic Laboratories Limited 

49/51 Fylde Road, Preston PR1 2XQ 
 Telephone: PRESTON 57560 

WW—021 FOR FURTHER DETAILS 

ENGINEERS 

» 

This 76 page 
FREE book, 
shows how! 

YOURSELF FOR A 

BETTER JOB - MORE PAY! 
Do you want promotion, a belter job. higher This helpful ^uide to success should be read 
pay? ''New Opportunities" shows you how to by every ambitious engineer, get them through a low-cost home study course. Send for this helpful 76-pagc FREE book now. 
There arc no books to buy and you can pay-as- No obligation and nobody will call on you. It 
you learn. could be the best thing you ever did. 

I ■cut out this coupon ■ hi h 
CHOOSE A BRAND NEW FUTURE HERE I 

Tick or state subiect of interest. Post to the address below. 
PQ 

NO# 

Build-As-You-Leam 
PRACTICAL RADIO AND 

ELECTRONICS (with kit) □ 
Electrical Engineering □ 
Electrical Installations and Wiring □ 
Electrical Draughtsmanship □ 
Electrical Mathematics D 
Electronic Engineering □ 
Computer Electronics □ 

Computer Programming 
General Radio and TV 

Engineering 
Radio Servicing, Maintenance 

and Repairs 
Transistor Technology 
C. & G. Installations and Wiring 
C. & G. Electrical Technicians 
C. & G. Telecommunications 
Radio Amateurs' Exam, etc., etc. 

ALDERMASTON COLLEGE 
Dept BWW95, Reading RG7 4PF 

NAME (Block Capitali PI«im>     
ADDRESS.  
Other subjects 
Accredited by C.A. C C 

Ago, 
Member of A.B.CC. 

"I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 



The quality of the sound you 
hear from your lll-fi depends on the 
quality of transcription from the 
record-so you won't want to skimp on 
quality. When you choose your 
turntable deck, you'll probably choose 
Garrard. 

Fifty-five years of Garrard 
experience and know-how in producing 
top-quality record playing equipment is 
concentrated in the range of record 
playing units now available. There are 
three modules complete with attractive 
bases and lift-off covers, ready-wired 
for instant installation. 

The SP25 Mk IV is the most 
popular budgfJt unit on the market. It 
features the famous Garrard four-pole 
synchronous motor to ensure smooth, 
constant speeds, the finely engineered 
pickup arm with resiliently mounted 
counterbalanc;e weight, calibrated bias 
compensation and damped cueing. 

Th e 86SB represents just about 
the best buy in hi-fi today.lt 
incorporates belt drive, the famous 
Garrard four-pole synchronous motor, 
high inertia turntable, contoured mat, 
precision pickup arm with fine stylus 
force adjustment and bias compensation 
calibrated for elliptical and conic;:al styli. 

T he Zero lOOSB has every 
quality feature you could expect to fmd 
on a record deck. What makes it truly 
unique is the tangential tracking pickup 
arm virtually eliminating tracking 
error and consequent harmonic 
distortion. Other features include 
adjustable, resiliently-mounted, 
counterbalance weight, fme stylus force 

adjustment, magnetic bias 
compensation calibrated for elliptical 
and conical styli, high inertia turntable 
with contoured mat, a record counter 
and the famous Garrard four-pole 
synchronous motor. 

Use the coupon to obtain 
your free copy of the full­
colour brochure on the 
complete range of Garrard 
record playing units. 

The quality of the Sound you 
hear from your hi-fi depends on the 
quality of transcription from the 
record-so you won't want to skimp on 
quality. When you choose your 
turntable deck, you'll probably choose 
Garrard. 

Fifty-five years of Garrard 
experience and know-how in producing 
top-quality record playing equipment is 
concentrated in the range of record 
playing units now available. There are 
three modules complete with attractive 
bases and lift-off covers, ready-wired 
for instant installation. 

The SP25 Mk IV is the most 
popular budget unit on the market. It 
features the famous Garrard four-pole 
synchronous motor to ensure smooth, 
constant speeds, the finely engineered 
pickup arm with resiliently mounted 
counterbalance weight, calibrated bias 
compensation and damped cueing, 

The 86SB represents just about 
the best buy in hi-fi today. It 
incorporates belt drive, the famous 
Garrard four-pole synchronous motor, 
high inertia turntable, contoured mat, 
precision pickup arm with fine stylus 
force adjustment and bias compensation 
calibrated for elliptical and conical styli. 

The Zero 100SB has every 
quality feature you could expect to find 
on a record deck. What makes it truly 
unique is the tangential tracking pickup 
arm virtually eliminating tracking 
error and consequent harmonic 
distortion. Other features include 
adjustable, resiliently-mounted, 
counterbalance weight, fine stylus force 

A PLESSEV QUALITY PRODUCT 

Garrard, Newcastle Street, Swindon, Wiltshire. 

adjustment, magnetic bias 
compensation calibrated for elliptical 
and conical styli, high inertia turntable 
with contoured mat, a record counter 
and the famous Garrard four-pole 
synchronous motor. 

Use the coupon to obtain 
your free copy of the full- 
colour brochure on the 
complete range of Garrard 
record playing units. / 
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TELEFI 
At last you can enjoy TV entertain­
ment with the added pleasure of true 
Hi-Fi sound. Telefi is a unique electronic invention w hich 
picks up VHF from the TV and relays this through your own 
Hi-Fi equipment. Telefi ensures crisp, full -range, clistortion­
free reproduction of music and speech providing an improve­
ment over ordinary TV sound which will amaze you. Tele-fi 
is safe and requires no permanent connection to the TV set. 
Telefi is indispensable to the TV viewer who requires 
Hi-Fi TV sound. ~\ 
'"A• ••tnt.,. fe r Tk .Ou lp C:._.lr-e. '"-4•*• c:a iiE~~-~;; 

LOUDSPEAKERS 
Celestion Loudspeakers are 
engineered to the highest 
standard and provide super­
lative sound reproduction. 
The cut-away illustration 
shows the high, mid and 
bass speakers used in the 
Ditton 44 Monitor, one of 
the most popular loud­
speakers available to the 
discerning listener. 
A range of models is avail ­
able to suit your personal 
requirements, Celest ion 
Hi-Fi Loudspeakers carry a 
five-year guarantee. 

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

Celestion 
Loudspeakers for the Perfectionist 
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 BJP. 

WW-059 FOR FURTHER DETAILS 

A Uow R&OO to hoetup 
For ebout lW9 minutes 

Wireless World, December 1974 

froril 
Af¥:0LA 
fi.i ue 
flfghly 
Successful 
·Electric 
De·soldering 
Instrument 

500 

~- . 

f To eject Old SOlder 
~depress b,.. lb 

TEN GOOD REASONS FOR ITS SUCCESS 
1 The efficient way of & Easy to use 

removing unwanted solder 7 Overall design gives 
2 Purpose designed not an clear vision of work 

adaption to a soldering iron 8 Well balanced 
3 No air or vacuum lines 

9 
1i bl f . rou e ree 

4 One hand operat1on lO All 1 .1 bl . . vo tages ava1 a e 5 Robust constructiOn 
tlut 'rw ~ tVtiTitJ Han an RSOO? 

r ------------------, ADCOLA PRODUCTS lTO. AOCOlA HOUSE. DEl' WW.IiAUOEN RD. ClAPHAM SW4 &UI, I R£G.No. 442762 VAt No. 235-6153-72 I 
Please send immed iate ly an R500 De-soldering instrument 0 I c heque en closed for £8 ·09 p lus 1PZV.AT. (postage paid U.K. only) O I I Please send further details (tick appropriate box J I 

I NAME I 
I ADDRESS I 
I I 

L------------------~ 
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Eliminate 

TV receiver 

distortion with 

Celestion TELEF! 

TELEF! 

At last you can enjoy TV entertain- 
ment with the added pleasure of true 
Hi-Fi sound. Telefi is a unique electronic invention which 
picks up VHF from the TV and relays this through your own 
Hi-Fi equipment. Telefi ensures crisp, full-range, distortion- 
free reproduction of music and speech providing an improve- 
ment over ordinary TV sound which will amaze you. Tele-fi 
is safe and requires no permanent connection to the TV set. 
Telefi is indispensable to the TV viewer who requires 
Hi-Fi TV sound. £\ 
"A* ■•lactad for The Oedgn Cemrc. Loodon", '.  

LOUDSPEAKERS 

Celestion Loudspeakers are 
engineered to the highest 
standard and provide super- 
lative sound reproduction. 
The cut-away illustration 
shows the high, mid and 
bass speakers used in the 
Ditton 44 Monitor, one of 
the most popular loud- 
speakers available to the 
discerning listener, 
A range of models is avail- 
able to suit your personal 
requirements, Celestion 
Hi-Fi Loudspeakers carry a 
five-year guarantee. 

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

Celestion 

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

F 

SIMPLE TO USE 

Successful 

Electric 

De-soldering 

Instrument 

500 

Allow R500 to heot up For about two minutes 

As aokJer becomes 
molten release bulb 

To eject olo sokkr arwpFy deprees bulb 

TEN GOOD REASONS FOR ITS SUCCESS 

3 

4 

5 

The efficient way of 
removing unwanted solder 
Purpose designed not an 
adaption to a soldering iron 

No air or vacuum lines 

One hand operation 

Robust construction 

6 Easy to use 

7 Overall design gives 
clear vision of work 

8 Well balanced 
9 Trouble free 

10 All voltages available 

Ow tfOi/ a^forc/A/orfo /tave R500? 

ADCOIA PRODUCTS LTD. ADCOLA HOUSE. DEI1 WW CAUDEN RD. CLAPHAM SVM GLH. 
REG. No. 442762 VAT No. 235-6153-72 
Please send immediately an R500 De-soldering instrument 
cheque enclosed for £8 09 plus 10^ VAX (postage paid U.K.only) [=j 
Please send further details (tick appropriate box) 1 I 

ADOR£SS_ 



To obtain further details of any 
of the coded items mentioned 
in the Editorial or Advertise­
ment pages of this issue, please 
complete one or more of the 
attached cards entering the 
reference number(s). Your 
enquiries will be passed on to 
the manufacturers concerned 
and you can expect to hear 
from them direct in due course. 
Cards posted from a broad 
require a stamp. These Service 
Cards are valid for six months 
from the date of publication. 

Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one year's 
subscription, place a tick in the 
box on one of the postage-free 
cards opposite and fill in your 
name and address. 

• 
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I 

Postage will 
be paid by 
Licensee 

Do not affix Postage Stamps if posted in 
Gt. Britain, Channel Islands or N. Ireland 
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WIRELESS WORLD, 
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SOUTH CROYDON, 

SURREY 
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To obtain further details of any 

of the coded items mentioned 

in the Editorial or Advertise- 
ment pages of this issue, please 

complete one or more of the 

attached cards entering the 

reference number(s). Your 

enquiries will be passed on to 

the manufacturers concerned 

and you can expect to hear 

from them direct in due course. 

Cards posted from abroad 

require a stamp. These Service 
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from the date of publication. 

Please Use Capital Letters 
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If you are way down on the 

circulation list, you may not be 

getting the information you 

require from the journal as 

soon as you should. Why not 

have your own copy? 

To start a one year's 

subscription, place a tick in the 

box on one of the postage-free 

cards opposite and fill in your 

name and address. 
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Enquiry Service for Professional 
Readers 
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As the largest stockists of 
Cinch, Dot & FT products 
we shall be happy to deliver 
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have your next enquiry. Enquiry Service for Professional 
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space provided . 
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Address .. . . .. . . .... , . .... _ . •. . . . . ..... _ . .... . .... ... . .. . 
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1 wish to subscribe to Wireless World 0 I 

VALID FOR SIX MONTHS ONLY I 

Make United-Carr Supplies 
your SINGLE SOURCE for 

CINCH 

Catalogues and samples 
available to Companies 
specifying t heir probable 
requirements. 

United-Carr Supplies Ltd, 
11 2 Station Road, 
llkeston, Derbyshire, DF7 5LF. 
Tel: 1/keston 78711 STD 06072 78711 
Telex: 377117 
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No. of employees at this establishment  

I wish to subscribe to Wireless World □ 
VALID FOR SIX MONTHS ONLY 

Postage will 
be paid by 
Licensee 

Do not affix Postage Stamps if posted in 
Gt. Britain, Channel Islands or N. Ireland 

BUSINESS REPLY SERVICE 
Licence No. 12045 

WIRELESS WORLD, 

READER ENQUIRY SERVICE, 

429 BRIGHTON ROAD, 

SOUTH CROYDON, 

SURREY 

CR2 9PS 
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Readers 

Wireless World, December 1974 
WIRELESS WORLD 

WW... mi... ww  
WW... mi... ww  
WW  WW... ww  
WW  WW... ww  
WW  mi... ww  
WW  WW... ww  
WW  vm... ww.... 
mi.... WW... ww  
WW  WW... ww  
WW  mi... WW  
WW  WW... ww  
WW  WW... ww  
WW  WW.. . ww  
WW  WW... ww  
WW  mi... ww  
WW  ww... ww  

Please arrange for me to receive further details of the products listed, 
the appropriate reference numbers of which have been entered in the 
space provided. 
Name    

Name of Company , 

Address . 

Telephone Number . 

PUBLISHERS 
USE ONLY a/e 

Position in Company      

Nature of Company/Business  

No', of employees at this establishment    

I wish to subscribe to Wireless World □ 
VALID FOR SIX MONTHS ONLY 

single 

source 

makes 

sense 

IF you buy 

electronic 

or electrical 

components, 

i industrial or 

consumer m 

fastenings... 

As the largest stockists of 
Cinch, Dot & FT products 
we shall be happy to deliver 
small or assorted quantities 
of anything you need. Let us 
have your next enquiry. 

Make United-Carr Supplies 

your SINGLE SOURCE for 

n c 
Catalogues and samples 
available to Companies 
specifying their probable 
requirements. 
United-Carr Supplies Ltd, 
112 Station Road, 
llkeston, Derbyshire, DF7 5LF. 
Tel: llkeston 78711 STD 06072 78711 
Telex: 377117 
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®®®®® 
TRANSISTOR ® 
DATA? .® 

THE SEMICON 
INTERNATIONAL TRANSISTOR 

DATA MANUAL 
lists over 20.000 transistors of inter­
national origin enabling you to identify, 
test and select the characteristics of a 
very wide range of discrete devices. 

EXTENSIVE SUBSTITUTION GUIDE 

CV NUMBERED DEVICES 

OUTLINE DR.AWINGS 
ALTERNATIVE 

MANUFACTURERS 
AND AGENTS ADDRESSES 

PLUS - A FREE UPDATING SERVICE 

ORDER NOW £8.80 includes postage 
I TO COUNTRI ES OUTSI DE UK ADD 60p POSTAGE I 
FULL REFUND IF NOT COMPLETELY SATISFIED 

PUBLISHED BY 

SEMICON INDEXES L TO., 
2, DENMARK ST, WOKINGHAM, Beri<s. RG11 288 

Tel : WOKINGHAM (STD 0734) 786161 

METER PROBLEMS? 

·4 •6 

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

Full Information from: 

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

WW-093 FOR FURTHER DETAILS 
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~ .D.IJilflEil P 
-not with the 

llEDIJN­
IlALIJ 
33Ll(J 

I 

A unique drafting aid for the 
electronics engineer enabling 
him to prepal8 in minutes a 
perfect PCB. 
A fine-tipped marker charged 
with a free-flowing etch-resist 
ink. Simply draw the 
desired circuit onto copper 
laminated board-etch­
clean. 

The circuit is ready to use. 

I 

NO MESS- NO MASKING 
A perfect circuit every time I 

£1.00 for one-off, £4.00 for six. £B.oo for twelve plus VAT 
post included. Available now in every country in Europe. 

--------------------
Please send me further details on the 33PC: 

Name -· .. --.. ·---.. ·-.. -------·--------

Address --· .. --.. ·---...... - .......................... _ .... - ... --------·-

Post to: DECON LABORATORIES LTD. 
FREEPOST 
PORTSLADE, BRIGHTON, ENG LAND 

W>N12 (No Stamp Needed) Phone 0273 414371 

------~------------
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TRANSISTOR 

DATA? 

THE SEMICON 
INTERNATIONAL TRANSISTOR 

DATA MANUAL 
lists over 20,000 transistors of inter- 
national origin enabling you to identify, 
test and select the characteristics of a 
very wide range of discrete devices. 

EXTENSIVE SUBSTITUTION GUIDE 

CV NUMBERED DEVICES 

OUTLINE DRAWINGS 
ALTERNATIVE 

MANUFACTURERS 
AND AGENTS ADDRESSES 

PLUS - A FREE UPDATING SERVICE 

ORDER NOW £8.80 includes postage 
(TO COUNTRIES OUTSIDE UK ADD 60p POSTAGE) 
FULL REFUND IF NOT COMPLETELY SATISFIED 

PUBLISHED BY 
SEMICON INDEXES LTD., 

2, DENMARK ST, WOKINGHAM, Berks. RG11 288 
Tel: WOKINGHAM (STD 0734) 786161 

P.Q.G0FEI1 ? 

— not with the 

METER PROBLEMS? 

mA 

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.I Phono: 01/837/7937 

mm 

JALO 

33PQ 

A unique drafting aid for the 
electronics engineer enabling 
him to prepare in minutes a 
perfect PCB. 
A fine-tipped marker charged 
with a free-flowing etch-resist 
ink. Simply draw the 
desired circuit onto copper 
laminated board—etch— 
clean. 

The circuit is ready to use. 

ft 

frv 

1 

NO MESS— NO MASKING 

A perfect circuit every time! 

£1-00 for one-off, £4-00 for six, £8 00 for twelve plus VA T 
post included. A vailable now in e very country in E urope. 

Please send me further details on the 33PC: 

Name   

Address 

Post to; DECON LABORATORIES LTD- 
FREEPOST 
PORTSLADE,BRIGHTON,ENGLAND 

wwi2 (No Stamp Needed) Phone 0273 414371 

WW—093 FOR FURTHER DETAILS 
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Economy! Simplicity! Reliability! 
1830 Series C.W, M.C.W, A.M, S.S.B 

Illustrated brochure f rom: 

Eddystone Radio Limited 
Alvechurch Road, Birmingham 831 3PP. Tel: 021 -475 2231. Telex 337081. 
A member of M arconi Communication Systems Ltd 

WW-017 FOR FURTifER DETAILS 

CONVERTERS 
VOLTAGE TO FREQUENCY 
FREQUENCY TO VOLTAGE 
* All ANCOM converters have built-in reference sources 

* Linearity and stability, factory specified 

* Negative or Positive input types 

* Floating output 

* Applications, A-D conversion 
Precision Integrators 
Telemetry of analogue signals 
Shaft rotation etc. 

* Auxiliary modules 
Telemetry amplifiers 
Clock modules 

BRITISH MADE 
QUICK DELIVERY 

DEVONSHIRE STREET 
CHELTENHAM, ENGLAND 
~ 0242 53861 or 24690 

WW-091 FOR FURTHER DETAILS 

Crystal controlled 

Transistorized HF/ MF 
general purpose receiver 

120kHz- 30 MHz in 9 ranges 

Rack mounting as standard 

Cabinet optional extra 

AC or battery operation 

British MPT approved as 
ships reserve receiver 

LTO/ EOIOS 
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[Eddvstone 

Economy! Simplicity! Reliability! 

1830 Series C.W, M.C.W, A.M, S.S.B 

f'f i:.,;;' 
m 

Crystal controlled 

Transistorized HF/MF 
general purpose receiver 

120 kHz - 30 MHz in 9 ranges 

Rack mounting as standard 

Cabinet optional extra 

AC or battery operation 

British MPT approved as 
ships reserve receiver 

Illustrated brochure from: 

Eddystone Radio Limited 

Alvechurch Road, Birmingham B31 3PP. Tel: 021-475 2231. Telex 337081. 
A member of Marconi Communication Systems Ltd LT0/ED105 

W\V—017 FOR FURTHER DETAILS 

VOLTAGE TO FREQUENCY 

FREQUENCY TO VOLTAGE 

* All AIMCOM converters have built-in reference sources 

* Linearity and stability, factory specified 

* Negative or Positive input types 

* Floating output 

* Applications, A-D conversion 
Precision integrators 
Telemetry of analogue signals 
Shaft rotation etc. 

* Auxiliary modules 
Telemetry amplifiers 
Clock modules 

BRITISH MADE 
QUICK DELIVERY 

DEVONSHIRE STREET 
CHELTENHAM, ENGLAND 
X 0242 53861 or 24690 

ww—091 FOR FURTHER DETAILS 
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This new frequency multi ­
plier produces an output 
frequency which is either 
60X or 1 OOX the input 
frequency. Thus LF e.g., 
low audio. can be resolved 
without counting for ages. 
60X range converts Hz to 
RPM with any 1 sec. gate 
counter. NO WAITING 

NO RE;CIPROCALS 

FREQUENCY 
MUlTIPliER 

FX-1 
RESOLVE 0.01 Hz IN ONLY FOUR 
SECONDS OR READ RPM 
DIRECTLY. 

WORKS WITH ANY FREQUENCY 
METER. 

ONL V £29.50 ~\~~P 5ht=l!bn INSTRUMENTS LTD., 24 Copenhagen Street, LONDON N1. Tel: 01-278 6273 

The ideal 
machine for 

WW-053 FOR FURlHER DETAJLS 

REVOX A700 Series 

logging applications. 
Available in speeds from tg ips. 3-speeds. Full deck logic. Four inputs. 
5KHz band-width. Other configurations also Crystal servo control. Tape footage counter. 
available for immediate delivery. Servo tape tension. 

Write for full information. Scotch 207--!owest UK price.- IMMEQIATE DELIVERY-ALL MODELS 

THE 
13\ ULTIMATE 
V INTONE 

CONTROL 

WW~92 FOR FURTHER DEI'AJLS 

Teknik· 11 + 11 S Dual Graphic £qualiser 

WW--%7 FOR FURlHER DETAILS 

HIRE SERVICE AVAILABLE 

Kl&rk Toknik, Summerfield, Kiddermi nster DV1 1 7 A E 
Tolophone: Kidderminster 64027 
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This new frequency multi- 
plier produces an output 
frequency which is either 
60X or 100X the input 
frequency. Thus LF e.g., 
low audio, can be resolved 
without counting for ages. 
60X range converts Hz to 
RPM with any 1 sec. gate 
counter. NO WAITING 

NO RECIPROCALS 

EHelrnn 

FREQUENCY 

MULTIPLIER 

FX-1 

RESOLVE 0.01Hz IN ONLY FOUR 
SECONDS OR READ RPM 
DIRECTLY. 
WORKS WITH ANY FREQUENCY 
METER. 

ONLY £29.SO eTva^ 

INSTRUMENTS LTD., 24 Copenhagen Street, LONDON N1. Tel: 01-278 6273 

WW—053 FOR FURTHER DETAILS 

RE VOX A77 Series 

REVOX 

RE VOX A700 Series 

m 

•I 

The ideal 
machine for 
logging applications. 
Available in speeds from ips. 
5KHz band-width. Other configurations also 
available for immediate delivery. 
Write for full information. Scotch 207— 

HA 

3-speeds. Full deck logic. Four inputs. 
Crystal servo control. Tape footage counter. 
Servo tape tension, 

lowest UK price. IMMEDIATE DELIVERY—ALL MODELS 

NOTE NEW ADDRESS- H,RE SERVICE AVA,,ABLE 

Industrial Tape Applications 

5 Pratt Street, London NW1 OA E.Tel: 01-485 6162 Telex: 21879 

WW—092 FOR FURTHER DETAILS 

Teknik-l 1 + 11S Dual Graphic Equalise 

.®. 

1 i f M 

mTT 

[X>]i I :(>] -y 

Klark Toknik. Summerfielcl. Kidderminstar DY11 7RE 
Telephone: Kidderminster 64027 

WW—067 FOR FURTHER DETAILS 
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A NEW STANDARD FOR SOUND REPRODUCTION 
H D250 High Definition Stereo Control Amplifier 

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

The HD250 amplifier establishes a new standard in amplifiers for sound reproduction in the home. 
Improvements have been made in respect of performance. engineering design and quality of construction. 
We believe that no other amplifier in the world can match the overall specificat ion of the H 0250-Look 
at extracts from the specification below. 

Power output. 
Rated: 

Maximum: 

Distortion. 
Pre-amplifier: 

Power amplifier. 
at rated output: 
at 25w output: 

50 watts average continuous power per 
channel. into any impedance from 4 to 8 
ohms. both channels driven. 
90 watts average power per channel into 
5 ohms load. 

Virtually zero. (Typically below noise 
of measuring instrument.) 

Less than 0.02% (typically0.01% at 1kHz). 
Typically 0.006%. 

Overload margin. 
Disc input 40d8 min. 

Hum and noise output. 
Disc: - 83dBV Measured flat with noise band-

. width of 23kHz. 
-88dBV Measured with 'A' weighted 

characteristic. 
line: - 85dBV Measured flat. 

- 88dBV ·A' weighted. 
Size: 17 inches X 4t inches X 11 inches deep 

overall. 
Weight: 21 lb. 

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

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

WW-o60 FOR FURTHER DETAILS 

ARISTON - Olympic 
'ARISTON' was a word used sparingly by the ancient Greeks. in 

their eternal search for the best in al l things. Following 
classic example . the name Ariston Aud io is 

associated exclusively w ith the finest in 
sound reproduction. We take pride in 

presenting the latest resu Its 
'••····· .,;:o..._ of our own search. 

CLASSIC 
PERFORMANCE 

-The Ariston 
ROll 

Transcription 
Deck 

PERFECT 
PARTNER­

(shown here I 
The Ariston 

AT1007 
Tone Arm 

ARISTOCRATIC 
COMPANY­

TheAriston 
HSl 00 Headset 

send me your 
FREE illustrated 

brochure, including 
specifications and 

prices for the outstand­
ing Ariston Audio range 

To: ARISTON AUDIO ltd. 
(Dept. WW) 

P.O. BOX13, 
IRVINE KA12 8JL 

SCOT LAN 
Tel: 0294 75211 
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A NEW STANDARD FOR SOUND REPRODUCTION 

HD250 High Definition Stereo Control Amplifier 

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

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

**. 

Power output. 
Rated: 

Maximum: 

Distortion. 
Pre-amplifier: 

Power amplifier, 
at rated output: 
at 25w output: 

50 watts average continuous power per 
channel, into any impedance from 4 to 8 
ohms, both channels driven. 
90 watts average power per channel into 
5 ohms load. 

Virtually zero. (Typically below noise 
of measuring instrument.) 

Less than 0.02% (typically 0.01% at 1kHz). 
Typically 0.006%. 

Overload margin. 
Disc input 40 dB min. 

Hum and noise output. 
Disc: 

Line: 

Size: 

Weight: 

—83dBV Measured flat with noise band- 
width of 23kHz. 

—88dBV Measured with 'A' weighted 
characteristic. 

—85dBV Measured flat. 
—88dBV 'A' weighted. 
17 inches X 4J inches X 11 inches deep 
overall. 
21 lb. 

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

RADFORD AUDIO LIMITED. BRISTOL, BS3 2HZ Telephone: 0272 662301 
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ARISTON - Olympic performance 

ARIST0N' was a word used sparingly by the ancient Greeks, in 
their eternal search for the best in all things. Following 

lassie example, the name Ariston Audio is 
associated exclusively with the finest in 

sound reproduction. We take pride in 
presenting the latest results 

of our own search. 

i 
f 

P ease 

A 

AUDIO 

CLASSIC 
PERFORMANCE 

—The Ariston 
rdh 

Transcription 
Deck 

PERFECT 
PARTNER- 

(shown here) 
The Ariston 

ATI 007 
Tone Arm 

ARISTOCRATIC 
COMPANY— 

The Ariston 
HS100 Headset 

send me your 
FREE illustrated 

brochure, including 
specifications and 

prices for the outstand- 
ing Ariston Audio range 

To: ARISTON AUDIO Ltd. 
(Dept. WW) 

P.O. BOX 13, 
IRVINE KA128JL 

SCOTLAND 
Tel: 0294 75211 Telex: 779103 
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MAPLIN ELECTRONIC SUPPLIES *SAME 
DAY 

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

VAT Please add 8% to the final total. Post and Packing 
FREE in U.K. (1 5p handling charge on orders under£ 1) 

First-class post pre-paid envelope supplied free with every order. 

CATALOGU.E 
Send just 2Sp NOW! for our superb SO.page CATALOGUE. It's packed with photographs, illustrations, 
and pages and pages of detailed data on our complete range oftransis<ors, diodes, I.C.s etc., etc. 
Seeing exactly what you're buyin& makes ordering so easy! 

bEAF'lET MES 24: Describes a reverberation module with a choice of two different spring units. (Just send 
s. a. e. pleas~ for le4/let.) 

LEAFLET MES Sl: Describes a complete electronic organ which can be constructed using our higl> 
quality component pans. These are designed so that they may be used later as the basis of a series of larger 
and more rophisticated designs. (Please send 1 5pfor Leqflet MES 51 .) 

ORGAN BUILDERS 
~ES. o.nnounoe t.hc very latest development in organ 
CirCuitry. 

THE DM02 
J 3 M!ister FreQuencies on ONB tiny circuit board. 
LOOK AT THESE AMAZING ADVANTAGES * 13 frequencies from C8 tO C9. * Each frequency 
digitally derived from a SINGLE h.r. me.sttt oscillator. 

tiMlri~1 A~~t~rtfer-iP.< *w~~t!;~. ~~?.~N~e~~f 
DRIFTS! * External conuol aUOY..I instMI tune--up 

~~th~r ~i~rA~"~nc~d~~tpih: s~J rr:.ctlx df~~ r;:~ 
output can also be used as a direct tone source. * Va.ri­
ablc OEPTH AND RATB cremuJant optional extra. 
* Goldi>lalcd ~lul·in cdi• oonn<J<on. * Comple"' 
fibr<sla" board ch><lin& tmnulant if rcq•~) ONLY 
3.7itl. X 4.SiD. * ery low pov.·erconsumprion. 

STOP PRESS/ 
Two revolutionary new lines from MES 

ANEW 
COAXIAL PLUG 

Exceptionally hich qualhy. 
small and CQmpact. For u~ 
with 750 low.JOS$ Uble.. 
Ridiculously s£mple auembty 
makes them rar qukJcer (0 usc. 
No thr-eads to jam. No wider· 
ing requited. Unique design. 
Extremely ecoflomical. 

ORDER AS 
Pack or""' 75p SUM GRIP 10 
Pack or hundred U.75 SUMGRJP 100 

A BCD OUTPUT 10-DIGIT SWITCH 

LINEAR I.C.s 

CA3046 14-pin OIL •.••.•. 69p 
LH0042C TOS .•••••••• £4.25 
LM380N 14·pin DlL .. . .. £1.32 
MC I303L 14·piJ1 OIL ...• £1.39 
MCI310P 14-pin OIL • . •• !3.15 
MI'C 8010 •.• .. •.• . . •• £1.20 
MFC 9020 .•.•.•. . . . . . !1 -19 
MVR S. 12 or ISV T03 . . . £1.60 
NES61 B 16-pln OIL •..•• £4.48 

SG I49SO 14.-pin OIL . . .. . £2.70 
SG3402N 14-pin DlL . • .•. £1.69 
pA 741C 14-pin DlL , • , •• , • 4Sp 
)JA74 7C 14-pm DIL . .. .. 11.05 
pA748 C 8 -pin DIL • .. • . .•. 39p 
p A 7815 T0 3 , • , • , , • , • , !2.30 
t•A 796 (MC 1496} T0 5 , • , , • 95p 
ZN4 14 T O I8 ... . .• . . .. £1.20 

PRICE. * Rtady bua~ tested for run k:dlnical 
* EXTREMELY ECONOMICAL I * S.a.c. please Marks the cod of the old.fa.shiooed thumb-wheel -switch. Tbe:se ..... ------------------------1 

precisMJ.n $1ide~peratc:d switches CMble an)' nwnber &om 0 

~~~~'fw;~~ultzlt) ONLY detail$. 
114.25. Trod• mquiri<s 
OM02(withouttKmulant)LIZ.l5. W<tcom•. 

to 9 to be sdectcd in one swift 
action. B~ (7 X II mm)easily ~ 
readable 7-l l)-pe Dutil• 
bcr ~ boUI in. Pin$ 

SVNTHESISERS 

SAJ 110 7-state l'r<qU<ney dMdert ia one 14-pm OIL 

t!~if;.~~;r C::C~ ::;~ =..~i:~'t 
~~~! ~~ycnbe9~nyre:, :~ .. ~~=~&c:tr~~addi~ 
or_ a rtw COmpOnmts. SAJIIO: 12.63 ea<h OR opccial 
pnoe for pack or 12: !25.00. s~. pltue ror daca Sho:c. 

Loog-lif'e gold-plated beryllium - atsundatd DJ.L.spacings. •••• 

~~uO\c:=~~~~; ~ . . 

We stock all the parts fo; the "EEectronics Today International" 
synthesiser including all the P.C.B.s required and all the metalwork 
includin& a clrillcd and printed front panel for a truly professional finish. 
Some of the circuits in this brilliant design are entirely original 
Independent authoritative opinions agree, the E.T.I. lnternatioral 
Synthcsiser is technically superior to practically all synthesiscrs available 
today. S.a.c. please for our detailed price lists. 12X IOmm. Pricdt.38..a . "' 

TYPICAL FRO!'IT PANEL 

WW---030 FOR FURTHER DETAILS 

NEW· LOW COST 
INSTRUMENTS 

643 
FUNCTION 

GENERATOR 
~! £75 + £ 1.50p.&p. 

+ VAT 
Accurate Digital Frequency Setting .01 Hz- 1 MHz 

Wide Range External Control of Frequency 
Triangle, Squarewave and Low Distortion Sinewave Outputs 

500 + Simultaneous Outputs 

744 
COUNTER 

TIMER­
£65 + £ 1 .50 p.&p. 

+ VAT 

M easures Frequency, Period and Time 
30MHz Frequency Range 

Sensit ive. Protected FET Input 

O.M.B. ELECTRONICS 
RIVERSIDE, EYNSFORD, KENT 

Tel FARNINGHAM (0322) 863567 

WW-o19 FOR FURTHER DETAJLS 

GATWICK HOUSE, HOR L EY, SURR EY, ENGLAND 
Tel: Horley (02934) 5353 · 
Telex: 87116 (Aerocon Hor · Cables: Aero co n Telex Hortey 

WW-026 FOR FURTHER DET A1LS 

DIOTESTOR IN-CIRCUIT TRANSISTOR TESTER 

BRITEC LIMITED, 17 Devonshire Road. london SE23 3EN 
Te l: 0 1-699 8844 Telex: 896161 

WW-023 FOR FUR1liER DETAILS 
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MAPLIN ELECTRONIC SUPPLIES 

P.O. Box 3, Rayleigh, Essex. Tel: Southend-on-Sea (0702) 44101 
\ / A Please add 8% to the final total. Post and Packing 
V/a I FREE in U.K. (15p handling charge on orders under £1) 

First-class post pre-paid envelope supplied free with every order. 

★ SAME 
DAY 

SERVICE 

CATALOGUE 
Send just 25p NOW? for our superb 80-page CATALOGUE, It's packed with photographs, illusirauons, 
and pages and pages of detailed data on our complete range of transistors, diodes. I.C.s etc., etc. 
Seeing exactly what you're buying makes ordering so easy! 

LEAFLET MES 24: Describes a reverberation module with a choice of two ditTcrenl spring units. (Just send 
s. a.e. please for leajlet.) 
LEAFLET MES 51: Describes a complete electronic organ which car. be constructed using our high 
quality component parts. These are designed so that they may be used later as the basis of a series of larger 
and more sophisticated designs. (Please send J5p for Leaflet MES 51.) 

ORGAN BUILDERS MES announce the very iuiest development in organ circuitry. 
THE DM02 13 Master Frequencies on ONE tiny circuit board. 

LOOK AT THESE AMAZING ADVANTAGES * 13 frequencies from C8 to C9. * Each frequency digitallv derived from a SINGLE h.f. ir.afilcr oscillator. * Initial tuning for the WHOLE ORGAN: ONE SIMPLE ADJUSTMENT. * Relative tuning NEVER DRIFTS! * External control allows instant mnc-up to other musicians. * Outputs will directiy drive most types of dividers including the SAJ110. * And each output can also be used as a direct tone source. * Vari- able DEPTH AND RATE tremulant optional extra. * Gold-plated plug-in edge connexion. * Complete fibrcglass board (including tremulant if required) ONLY 3.7in, X 4.5in. *• Very low power consumption. 
* EXTREMELY ECONOMICAL PRICE. * Ready built, tested and fully guaranteed. DM02T (with tremulant) ONLY £14.25. DM02 (without tremulant) £12.25. 
SAJI10 7-siage frequency dividers in one i4.p;n DIL Sjckagc. Sine or square wave input allows operation om almost any type of master oscillator including the DM02 (when '97 notes arc available). Suuare wave outputs may be modified to saw-tooth by tnc addition of a few components. SAJI10: £2.63 each OR special price for pack of 12: £25.00. S.a.€, please for data sheet. 

* S.a.c. please for full technical details. 
Trade enquiries welcome. 

STOP PRESS.' 
Two revolutionary new lines from MES 

A NEW 
COAXIAL PLUG 

.f'—'TT, :la Exceptionally high qualily. 
small and compact. For use 
with 750 low-loss cable. 
Ridiculously simple assembly 
makes them far quicker to use. 
No threads to jam. No solder- 
ing required. Unique design. 
Extremely economical. 

ORDER AS 
75p SLIMGRIP 10 

£6.75 SLIMGRIP 100 
A BCD OUTPUT 10-DIGIT SWITCH Marks the end of the okJ-fashioncd thumb-wheel switch. These 
precision slidc-opcratcd switches enable any number from 0 
to 9 to be selected in one swift 
action. Big (7 X II mm) easily 
readable 7-scgmcni type num- 
ber indicator built in. Pins 
are at standard D.I.L,spacings. 
Long-life gold-plated beryllium 
bronze contacts rated 0.5A at 
50V. Overall size only 45 X 
I2xi0mm. Pricc£138cach 

Pack of ten 
Pack of hundred 

TYPICAL FRONT PANEL 

LINEAR I.C.s 

NE 555V 
B-pin DIL UFC4000B 

38p . 
MFC 6040 
86n , 69p 

CA3046 14-pin DIL ... . . . 69p SGI495D 14-pin DIL .. . . £2.70 
LH0042C TOS   . . £4.25 SG3402N 14-pin DIL . . , . £1.69 
LM3B0N !4-pin DIL . . . . . £1.32 pA 74IC 14-pin DIL ... . . .45p 
MCI303L 14-pin DIL . . . . £139 pA747C 14 pin DIL . . . . £1.05 
MC1310P 14-pin DIL .. . . £3.15 uA748C 8-pin DIL .... . . . 39p 
MFC 8010  . - £1.20 pA?815 T03   , . £2.30 
MFC 9020   . . £139 pA796 <MCI496)T05 . . . , 95p 
MVR5.12or I5VT03 . , £1.60 ZN4I4T018   . . £1.20 
NE56 IB 16-pin DIL ... , . 14.48 

ljA74tC 
8-pin DIL 

36p 

MA723C 
TflB or 14-pin Oil 

75p 

LM 30IA 
8-pin DIL 

39p 

SYNTHESISERS 
We slock all the parts for the "'Electronics Today Internationa!" 
synthesiser including all the P.C.B.s required and all the metalwork 
including a drilled and printed from panel for a truly professional finish. 
Some of the circuits in this brilliant design are entirely original 
Independent authoritative opinions agree, the E.T.I. International 
Synthesiser is technically superior to practically all synthesisers available 
today. S.a.c. please for our detailed price lists. 

VVW—030 FOR FURTHER DETAILS 

NEW 

LOW COST 

INSTRUMENTS 

643 

FUNCTION 

GENERATOR 

£75 + £1.50 p.&p. 
+ VAT 

Accurate Digital Frequency Setting .01 Hz-1 MHz 
Wide Range External Control of Frequency 

Triangle, Squarewave and Low Distortion Sinewave Outputs 
50Q + Simultaneous Outputs 

744 

COUNTER 

TIMER 

£65 + £1.50 p.&p. 
+ VAT 

Measures Frequency, Period and Time 
30MHz Frequency Range 

Sensitive, Protected PET input 

O.M.B. ELECTRONICS 
RIVERSIDE, EYNSFORD, KENT 

Tel EARNING HAM (0322) 863567 

WW—019 FOR FURTHER DETAILS 

qumi 

CRYSTAl 

-asn 

AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND 
Tel: Horley (02934) 5353 ■ 
Telex: 87116 (Aerocon Horley) ■ Cables: Aerocon Telex Horley 

WW—026 FOR FURTHER DETAILS 

DI0TEST0RIN-CIRCUIT TRANSISTOR TESTER 

■■HI 

BRITEC LIMITED, 17 Devonshire Road, London SE23 3EN 
Tel: 01-699 a844T8tex: 896161 

WW—023 FOR FURTHER DETAILS 
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This is why theTWG501 performs the 
function of a good generator 

Voltage control 
sweep 1 decade 
linear 4 decades 
exponential 

Fast rise time 
square<15ns 
with current 
sinking capacity 
for 5 TIL loads. 

Trigger pulse 

All seven outputs are 

• 

simultaneously available 
with amplitudes constant 
over frequency range 

FEEDBACK INSTRUMENTS LTD 

JJcon Q)esiqn 

Size: 254 x 121 x 157mm 
Wt: 2.2kg 

DC offset 
=.2v on X1 output 

Crowborough, Sussex. Tel: Crowborough (089-26) 3322 

Electronic Design 
Specialists 

NOW you can build our LUXURY F.M. STEREO TUNER 
Complete 

As announced in advance last morith, we can now 
offer a complete kit to build this superb design. 
The cabinet and chassis kit now available are up 
to the same high original design standards as the 
circuit design, and the same high quality of 
materials has been used. The metal work is in 
rustproof cadnium plated steel sheet, fully drilled 
and prepared. The front panel is in two tone gold 
and brown brushed anodised finish, while the 
drop over cabinet is made from high grade solid 
wood, finished in a light satin gloss varnish. The 
net result is a tuner of the very highest standards 
of performance and appearance. 

(:;ee W.W • .APRIL/MAY 1974) 

Kits now available Price Postage 
K1-4 All parts to build the main receiver 

board . . . . . . £24·95 30p 
K5-7 Complete stereo decoder With anti-

birdy filters . . . . . . . . £9·95 30p 
K8 A 4 way push button assembly for 

the function switching . . . . £3·45 1 Op 
K9 A 6 way pre-select push button unit 

gold plated contacts, cermet trim­
pots, P.C. Board with meter drive 
circuitry . . . . . . . . £14·14 1 Op 

K1 0 A regulated power supply including 
mains transformer (21 0-250v) . . £5·82 30p 

K11 Complete cabinet/metalwork set as 
described, including all plugs and 
sockets, mains lead, nuts and 
bolts, w ire, etc. . . . . . . £25·00 50p 

Meter An edgwise meter with frequency 
calibration to suit K9 . . £6·50 20p 

K1-11 All above parts, package price . . £85·00 50p 
PLEASE ADD V.A.T. TO TOTAL 

Other individual parts available include the SL301 B, SL3045, SBA750, MC131 OP, Filter SFG1 0.7MA, etc. 
Also individual K1 -7 prices available, other parts may be quoted on request. All parts and performance are 
guaranteed. Send a S.A.E. (9 x 4 preferred) for further details to:-

33, Restrop View, 
Purton, WILTS 
SN5 9DG 
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This is why the!WG 501 performs the 

function of a good generator 

Voltage control 
sweep 1 decade 
linear 4 decades 
exponential 

Fast rise time 
square<15ns 
with current 
sinking capacity 
for 5 TIL loads. 

Trigger pulse 

FUNCTION GENERA 
TDR1 

TWG 5D1 
power 

1 - 100-tk 

-HNI * • 
- lOK-lOOh 
- .OOK-IM r 
z«ro m H 

y m 4. .... - 

il -10 

> I 

I 

■ f 

oaps 
f i 

i svpk son ♦3Vo/ 
(ffoating) 50n 

Frequency range 
0.009Hz to 1.1 MHZ 

on' -i sy»msv \ J1 % aom* m.« r" 

DC offset 
i2V on XI output 

/ sooft 
'mum. 

All seven outputs are 
simultaneously available 
with amplitudes constant 
over frequency range 

FEEDBACK INSTRUMENTS LTD 

Size; 254 x 121 x 157mm 
Wt; 2.2kg 

Crowborough, Sussex. Tel; Crowborough (089-26) 3322 

cQeen 

Electronic Design 

Specialists con ^euesiqn 

NOW you can build our LUXURY F.M. STEREO TUNER 

Complete 

As announced in advance last month, we can now 
offer a complete kit to build this superb design. 
The cabinet and chassis kit now available are up 
to the same high original design standards as the 
circuit design, and the same high quality of 
materials has been used. The metal work is in 
rustproof cadnium plated steel sheet, fully drilled 
and prepared. The front panel is in two tone gold 
and brown brushed anodised finish, while the 
drop over cabinet is made from high grade solid 
wood, finished in a light satin gloss varnish. The 
net result is a tuner of the very highest standards 
of performance and appearance. 

K5-7 

K8 

K9 

K10 

K11 

30p 

30p 

(see W.W. APRIL/MAY 1974) 

Kits now available Price Postage 
K1 -4 All parts to build the main receiver 

board  £24-95 
Complete stereo decoder with anti- 

birdy filters .. .. £9-95 
A 4 way push button assembly for 

the function switching .. .. £3-45 lOp 
A 6 way pre-select push button unit, 

gold plated contacts, cermet trim- 
pots, P.O. Board with meter drive 
circuitry  £14-14 lOp 

A regulated power supply including 
mains transformer (210-250v) .. £5-82 30p 

Complete cabinet/metalwork set as 
described, including all plugs and 
sockets, mains lead, nuts and 
bolts, wire, etc £25-00 50p 

Meter An edgwise meter with frequency 
calibration to suit K9 £6-50 

K1-11 All above parts, package price .. £85-00 
PLEASE ADD V.A.T. TO TOTAL 

20p 
50p 

Other individual parts available include the SL301 B, SL3045, SBA750, MCI31 OP, Filter SFG10.7MA, etc- 
Also individual K1 -7 prices available, other parts may be quoted on request. All parts and performance are 
guaranteed. Send a S.A.E. (9x4 preferred) for further details to:— 

esiqn 

33, Restrop View, 
Purton, WILTS , 
SN59DG 
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GET IT WHILE 
IT'S GOING 
This is the first ever Wireless World Annual. It's got 140 
pages of features covering all aspects of electronics and 
communications - new and establ ished techniques, 
some practical, some theoretical-all written to the high 
standard you'd expect from Wireless World. Contents 
include: A General Purpose Audio Oscillator by L. Nelson 
Jones (a constructional project specially commissioned 
for the annual) ; Constructional Design for a Small Boat 
Echo Sounder by John French; Scientific Calculations 
with an Arithmetic Calculator by R. E. Schemel. There is 
also a reference section packed with useful information. 

£1 f rom newsagents or £1.35 inclusive 
by post f rom t he publishers. 

Wireless World Annual1975 
----------------~ To: General Sales Department, Room 11, Dorset House, 

Stamford Street, London SE1 9LU. 

Please send me ............... copy/copies of Wireless World Annual1975 

1 at £1.35 each inclusive. I enclose reminance value£ ................................ . 

(cheques payable to IPC Business Press Ltd). 

I Name (please print) ....... ........................... .. 

I Address _... .. . . . .......... . .. .......................... .................................................................................... . 

I ~:::.~.-.. ~::::.~:::::::~::::::.·~~-~:::::~:::::.:~.-.-~~=::=::.=:=::::~·~:::::::=:::::=:~:::::··.:~:::::~:~=:::::=~~~:~:::~::~.=--~·~ 

wireless 
world 
annual1975 
COMMUNICATIONS • ELECTRONICS 

a39 

I Company registered in England No. 677128 

'-- ~d_:!!ic_e_: o_or_set_H_ous_e_. St-am_fo-rd-St_ree_t,L_o_nd~~l~--- _;._:=======================::!.J 

J E S AUDIO INSTRUMENTATION -
•.:v:;,~~;:!-..0,: 

C) - Q ""' () -_,_-.... 
9 :::. ~ . 9 ==e:~ 

Illustrated the Si452 
Distortion Measuring 
Unit-low cost distor­
tion measurement down 
to .01% £35·00 ' i • i..BA i ~:~• ' 

• -~ ~ Q • 
Si451 £42·50 
Comprehensive Millivoltmeter 
3501J Volts 20 ranges 

Si453 £50·00 
Low distortion Oscillator 
sine - square - RIAA 

prices plus VAT 

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

WW-016 FOR FURTHER DETAILS 

USED THRIJU6HOUT 111E WOIIUJ. SANNA'S !XPERIE!ICE Of 30 YWIS EliSURES 
AtWHACY. REUAIWTY. 'IERSATIIJlY, UHSUIIPASSED TESrnl I'El1fOAMAHCE 
COMES WITM I.'IEIII' SANNA 
8 Months' GllarafttN bttiJttlt Ailpir Smiar 

MODEL P2B £9.78 MODEl. F801RD £25.28 
MOOElJP50 £11.58 MOOELAT45 £21.52 
MODEL BX 505 £29.12 MOOEl380CE £29.1 2 
MOOEL360YTR £15.28 MODElN101 01.81 
MODEL U50DX £15.60 MODEl460ED 05.89 
MOOEl A303TRO £17.45 MOOEl EM800 £81.06 
MOOEU30 1110 12•.01 MODEl RIOOOCB £75.27 

111ESE PIIICI$ A11f SUBJECf TO N1 AOOfllOHAL"CliAAGE Of 811 FOil VAT. 
CUts txrrt. •Q!fahle lot mos1 ~M111S..IIut 1101 sold s~. 

Please write for illustrated leaflet of these and other specialised Sanwa meters 

SOLE IMPORTERS IN UK 

QUALITY ELECTRONICS LTD. 
47·49 HIGH STREET, KINGSTON·UPON·THAMES,SURREV. KT11LP 

Tel 01•546 4585 

WW- 013 FOR FURTHER DETAILS 

ELECTRONIC 
INDUSTRIAL THE RM OMETER 

A Thermometer designed to operate as an Electronic Test Meter. Will 

measure temperature of Air. Metals. Uquids, Machinery, etc .. etc. 

Just plug-in tl)e Probe. and read the temperature on the large open 
scale meter. Supplied in zippered vinyl case with transparent front 

and carrying loop. Probe. and internal 1 t volt standard size battery. 

Modei"Mini-On 1" measures from - 40°Cto + 70°C, price£17.50 
Model "Mini-On Hi" measures from + 100°C to + 500°C, price 
£20.00 (V.A.T. EXTRA) . 
Write for further details to 

HA RRIS ELECTRONI CS (LONDON), 
138 GRAY'S INN ROA D, LONDON W C1X SAX 

('Phone 01-837 7937) 

WW-094 FOR FURTHER DETAILS 
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GET IT WHILE 

IT'S GOING 
This is the first ever Wireless World Annual. It s got 140 
pages of features covering all aspects of electronics and 
communications —new and established techniques, 
some practical, some theoretical - all written to the high 
standard you'd expect from Wireless World. Contents 
include: A General Purpose Audio Oscillator by L. Nelson 
Jones (a constructional project specially commissioned 
for the annual); Constructional Design for a Small Boat 
Echo Sounder by John French ; Scientific Calculations 
with an Arithmetic Calculator by R. E. Schemel. There is 
also a reference section packed with useful information. 

£1 from newsagents or £1.35 inclusive 
by post from the publishers. 

Wireless World Annual 1975 

To: General Sales Department, Room 11. Dorset House, 
Stamford Street, London SE1 9LU. 
Please send me copy/copies of Wireless World Annual 1975 
at £1.35 each inclusive. I enclose remittance value £. 
(cheques payable to IPG Business Press Ltd). 
Nam© (please prim)         
Address           

wireless 

world. _ 

annual 1975 
COMMUNICATIONS • ELECTRONICS 

ei-oo) 

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

JES AUDIO INSTRUMENTATION 

O 

Illustrated the Si452 
Distortion Measuring 
Unit—low cost distor- 
tion measurement down 
to .01% £35-00 

51451 £42-50 51453 £50-00 
Comprehensive Millivoltmeter Low distortion Oscillator 
350p Volts 20 ranges sine — square — RIAA 

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

WW—016 FOR FURTHER DETAILS 

-. 1 

«f= 

sanuia 

MULTI TESTERS 
USED THROUGHOUT THE WORLD, SANWA S EXPERIENCE OF 30 YEARS ENSURES ACCURACY. RELIABILITY, VERSATILITY, COMES WITH EVERY SANWA 6 Monihs' Guarantee 
MODEL P2B £9.76 MODEL JP50 £11.58 MODEL BX 505 £29.12 MODEL 360YTR £15.28 MODEL U50DX £15.60 MODEL A303TRD £17.45 MODEL K30THD £24.01 

UNSURPASSED TESTER PERFORMANCE 
Excellent Repair Service £25.28 

£21.52 £29.12 £31.81 £35.89 £81.06 £75.27 

MODEL F80TRD MODELAT45 MODEL 380CE MODEL N101 MODEL 480ED MODEL EM800 MODEL R1000CB MODEL 
U-50DX 

Please write lor illustrated leaflet of these and other specialised Sanwa meters 
SOLE IMPORTERS IN U.K. 

THESE PRICES ARE SUBJECT TO AN ADDITIONAL CHARGE OF 8% FOR VAT. Cases extra, available lor most meters, but not sold separately. 

QUALITY ELECTRONICS LTD. 
47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. KT11LP 

Tet:01-546 4585 
WW—013 FOR FURTHER DETAILS 

ELECTRONIC 

INDUSTRIAL THERMOMETER 

i 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thermometer designed to operate as an Electronic Test Meter. Will 
measure temperature of Air, Metals, Liquids, Machinery, etc., etc. 
Just plug-in the Probe, and read the temperature on the large open 
scale meter. Supplied in zippered vinyl case with transparent front 
and carrying loop. Probe, and internal l-J volt standard size battery. 
Model "Mini-On 1" measures from - 400Cto + 70oC, price £17.50 
Model "Mini-On Hi" measures from + 100oC to + 500oC, price 
£20.00 (V.A.T. EXTRA) 
Write for further details to 

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

('Phone 01-837 7937) 

WW—094 FOR FURTHER DETAILS 
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COUTANT~a;SERIES 
... more variable power than ever before with 16 types available from stock 

LB SERIES 
LB 200: 0 to 50V (ji) 0 to 2A 
LB 500 : 0 to 30V @ 0 to 5A 
LB 1.000: Oto 15V @ 0 to lOA 
PRICE £109.00 

LA SERIES LAB SERIES 

With the addition of the new LOT Twin Unit power 
supply, offering double the voltage range, the Coutant 
'L' Series is ideally suited for the wide range of labor­
atory and general applications where continuously 
variable high performance power is essential. 

LQT SERIES LQ SERIES 
LA 100 : 0 to 50V @ 0 to 1 A LAB 100 : 0 to 50V @< 0 to 1 A 
LA 200 : 0 to 30V @ 0 to 2A LAB. 200 : 0 to 30V @ 0 to 2A 
LA 400 : 0 to 15V @ Oto4A LAB400 : 0 to 15V @ 0 to 4A 

LOT 100 : 0 to± 30V @; 0 to lAx 2 
or 0 to± 30V @ 0 to lA 

with slave 0/P tracking 
master 

LO 50 : 0 to 50V @ 0 to 0·5A 
LO 100: 0 to 30V @ 0 to 1 A 
LQ 200: 0 to 15V @ 0 to 2A 

PRICE £74.00 PRICE £:48.00 PRICE £:42.00 
LM SERIES 

Ask today for further details 

or 0 to 30V @ 0 to 2A 
or 0 to 60V @ 0 to 1 A 

LOT 200 : 0 to ± 15V @ 0 to 2A x 2 
or Oto ±15V @ Oto2A 

with slave 0/P tracking 
Master 

LM 50: 0 to 30V @ 0 to 0·5A 
LM 100: Oto15V@ Oto1A Coutant Electronics Limited 

Trafford Road, Reading RG1 8JR 
Tel: 0734 55391 Telex 847519 

PRICE £:34.00 .. ~ 
Coutant take the initiative in new technology 

or 0 to 15V (It 0 to 4A 
or 0 to 30V @' 2A 

PRICE £92.00 • ~p 
WW- 102 FOR FUR1HER DETAILS 

HIGH POWER DC-COUPLED AMPLIFIER 
* UP TO 500 WAlTS RMS FROM ONE CHANNEL 
* DC-COUPLED THROUGHOUT 
* OPERATES INTO LOADS AS LOW AS 1 OHM 
* FULLY PROTECTED AGAINST SHORT CCT, 

MISMATCH, ETC. 

* 3 YEAR WARRANTY ON PARTS AND LABOUR 

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in 
Industrial. and Research applications in this country. It is DC-coupled throughout so providing a power 
bandwidth from DC to over 20,000Hz.The ability of the DC300A to operate without fuss into totally 
reactive loads while delivering its full power. and maintaining its faithful reproduction of Pulse or complex 
waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels 
will operate into loads as low as 1 ohm, and the ampl ifier can be rapidly connected as a single ended 
amplifier providing over 650 watts RMS into a 4 ohms load. and still providing a bandwidth down to 
DC. Below is a brief specification of the DC300A. but if you require a data sheet, or a demonstration 
of this fine equipment please let us know. 

Power Bandwidth DC· 20kHz @ 150 watts + 1 db. - Odb. Slewing Rate B volts per microsecond 
Power at clip point ( 1 chan) 500 watts rms into 2. 5 ohms Load impedance 1 ohm to infinity 
Phase Response +0. - 15' DC to 20kHz, 1 watt an 
Harmonic Distortion · Below 0.05% DC to 20kHz 

Input sensitivity 1. 75 V for 150 watts into an 
Input Impedance 1 OK ohms to 1 OOK ohms 

lntennod. Distortion Below 0.05% 0.01 watt to 150 watts Protection Short. mismatch & open cct. protection 
Damping Factor Greater than 200 DC to 1kHz at an 
Hum & Noise (20-20kHz) At least 11 Odb below 150 watts 

Power supply 120-256V. 50· 400Hz 
Dimensions 1 9" Rackmount. 7" High. 9t" Deep 

Other models in the range: D60 - 60 watts per channel D 150- 150 watts per channel 

~ MACINNES HOUSE. CARLTON PARK INDUSTRIAL ESTATE 
~ MACINNES lABORATORIES l TO SAXMUNOHAM. SIJFFOLK IP17 2NL = TEL (0728) 2262 2615 

WW-098 FOR FURTHER DETAILS 
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COUTAIMT'L SERIES 

...more variable power than ever before with 16 types available from stock 

With the addition of the new LQT Twin Unit power 
supply, offering double the voltage range, the Coutant 
'L' Series is ideally suited for the wide range of labor- 
atory and general applications where continuously 
variable high performance power is essential. 

..-.1 

* 

M 

LB SERIES 
LB 200: 0 to 50V ® 0 to 2fl 
LB 500: 0 to 30V @ 0 to 5A 
LB 1,000: 0to 15V@0to 10A 
PRICE £109.00 

LA SERIES 
LA 100 : 0 to 50V @ Oto 1A 
LA 200 : 0 to 30V ® 0 to 2A 
LA 400 : 0 to 15V ® 0to4A 
PRICE £74.00 

LAB SERIES 
LAB 100 : 0 to 60V @ 0 to 1A 
LAB. 200 : 0 to 30V ® 0 to 2A 
LAB 400 ; 0 to 15V @ 0 to 4A 
PRICE £48.00 

Ask today for further details 

Coutant Electronics Limited 
Trafford Road, Reading RG1 8JR 
Tel: 0734 55391 Telex 847519 

Coutant take the initiative in new technology 

LQT SERIES 
LQT 100 : 0 to ± 30V @0 to lAx 2 

or Oto +30V@0to 1A 
with slave 0/P tracking 
master 

or 0 to 30V @ 0 to ZA 
or Oto 60V (S! 0 to 1A 

LQT 200 : 0 to ± 15V® 0 to 2Ax 2 
or Oto +15V® OtoZA 

with slave 0/P tracking 
Master 

or 0 to 15V ® 0 to 4A 
or 0 to 30V ® 2A 

PRICE £92.00 

LQ SERIES 
LQ 50; 0 to 50V @ 0 to 0-5A 
LQ 100: 0 to 30V ® 0 to 1A 
LQ 200: 0to 15V @ 0to2A 
PRICE £42.00 
LM SERIES 
LM 50: 0 to 30V ® 0 to 0-5A 
LM 100: 0 to 15V ® 0 to 1A 
PRICE £34.00 

WW—102 FOR FURTHER DETAILS 

HIGH POWER DC-COUPLED AMPLIFIER 

★ UP TO 500 WATTS RMS FROM ONE CHANNEL 

★ DC-COUPLED THROUGHOUT 

★ OPERATES INTO LOADS AS LOW AS 1 OHM 

★ FULLY PROTECTED AGAINST SHORT CCT, 
MISMATCH, ETC. 

★ 3 YEAR WARRANTY ON PARTS AND LABOUR 

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in 
Industrial, and Research applications in this country. It is DC-coupled throughout so providing a power 
bandwidth from DC to over 20,00OH2.The ability of the DC300A to operate without fuss into totally 
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex 
waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels 
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended 
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to 
DC. Below is a brief specification of the DC3O0A, but if you require a data sheet, or a demonstration 
of this fine equipment please let us know. 

m m - 

Power Bandwidth 
Power at clip point (1 chan) 
Phase Response 
Harmonic Distortion 
Intermod. Distortion 
Damping Factor 
Hum & Noise (20-20kHz) 
Other models in the range; D60- 

DC-20kHz @ 150 watts + Idb, — Odb. 
500 watts rms into 2.5 ohms 
+ 0, —15' DC to 20kHz, 1 watt BO 
Below 0.05% DC to 20kHz 
Below 0.05% O.OI watt to 150 watts 
Greater than 200 DC to 1kHz at 80 
At least 110db below 150 watts 

- 60 watts per channel 

Slewing Rate 8 volts per microsecond 
Load impedance 1 ohm to infinity 
Input sensitivity 1.75 V for 150 watts into 80 
Input Impedance 10K ohms to 10OK ohms 
Protection Short, mismatch & open cct. protection 
Power supply 120-2 56V, 50-4 OOHz 
Dimensions 19" Rackmount. 7" High, 9i" Deep 
0150— 150 watts per channel 

  MACINNES HOUSE, CARLT0N PARK INDUSTRIAL ESTATE. 
MACINNES LABORATORIES LTD SAXMUNDHAM, SUFFOLK IPI7 2NL 

TEL (0728) 2262 2615 
WW—098 FOR FURTHER DETAILS 
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ACI25 tip BCI38 
ACI28 lip 8C137 
ACI27 11 p 8Ct38 
ACI28 lip BCI42 
ACW tip 8C143 
AC142 tip 8C147 
ACI78 tip BC140 
ACI87 tZp 8C148C 
AC188 tip 8CIS7 
AD140 41P BCI!la 
AD142 SSp BCI59 
AD143 SOP 8C1&9C 
AD149 43p BC17f 
ADISt Jap 8Ctn 
AD182 Jap 8C178 
AFII4 Up 8CI79 
AFIIS Up BC182 
Affl8 !Jp 8C183 
Affl7 !3p 8CI84 
AFIIB SOp 8C212 
AF121 33p BC213 
AF124 30P BC214 
Afl25 SIP BC237 
AFI28 :!tp 8C238 
AF127 30P BC23t 
AF138 33p 8C307 
AF181 4Sp BC308 
AF188 41p 8C309 
AF239 Sip 8CY70 
BC107 lp 8CY71 
8CI08 lp 80115 
BC109 tiP 8D121 
BC115 21p 8D12S 
8CI35 17P 8D124 

RECTIFIER 
BRIDGES 

SOV 400V 600V 
lA 2011 2411 2S, 
2A 30p 4!jp 4lJc> 
4A 47, 60p 70, 
6A 66p 7&, 100, 

n: :gm ::: =~~: ~:: 82~1 n: ~~1~~~ ~= ~~= ::: SIGNAL RECTIFER z
0
E
10
N

0
ERES PSOPPEUCLIAARL OTRFFAENRSSISFTOORRS 

17P 8 0 1153 ISP BFY51 Up OC82 U p 2N130819 ~P 2NoWe0 ta.p DIODES DIODES 
tsp 8D15G Mp 8FY52 Up Oca3 11p 2N1813 ztp 40380 35p BA100 10, BYIOO 11$ 3.3V to 33V tOO+ 500+ 

35p BDY80 7Sp 8SX19 lip OC84 tap 2NI711 ztp ~~ :!tp BAX13 5p BY126 12, 400mW tp AC 128 .•.•.••.•.•.• t p lp 

7p 8DY81 ltSp 8SX20 lip OC200 stp 2N2218 2tp ~ :!tp 8AX18 IP BYI27 IZ, 1.3W tip AC 127 .•.•••.••••• ; tp l p 

7p 8F115 22P BSX21 22p Oaot stp 2N2219 28P <10408 SOp OA47 7p BYI33 IS, I.SW tsp AC 128 •• ••..•...•.• lp lp 

,:: :m~ g: ~~!: ::: ~:~:~! ::: ~= :: ::1~ z:: 8!~ ,:: m:~ = lOW .... !gJ~~~.:.~.~~~:~:':: ':: 
ftp 8F173 25P MJ491 I:Jtp ZlX107 - Ill! 2N2222 ZIP 405$4 15p OA81 IP BVZ12 33it 20W l5p AC 187 .•••••••.•.•. 1tp tp 

1:: =~m r.: ~j~m ~: illc\g: \fP ~~~ :: = ~:: 8!: ';: ~~~~ ., . OTHER ~~~'ft·::::::::::: : ,:: ,:: 
1:: :m~ ~= ~j~~ ::: m:f ::: ~~= ~= m~ 3041 8~: ~= 1 ~:88; ~ DIODES ~~m ::::::::::::~~= ~:: 
~~= :m~ == ~j~ = n: ::: =~=R8 ~: ~~~}g~ ~\: 8= ,:: ~~ ~= l~~~~l SOp :g~~~ .. ::::::::: = 1\; 
ttp 8FI84 22p MJ£3055 15P ZTX304 ~P 2N292«1 lp MPF104 lip 1Nt14 4p Varlcop 8C 1488 ....... .... lp Sp 

ttp 8F185 221> MPSA12 stp ZTXSOO 1Sp 2N2t28YG tP MPFIOS 31' INtiS lp LED 8A14S Up 8C 14ie .......... 7p lp 

::: :m~ ~~= ~=~!: :: m~ ::: ~= ~= ~~~m ~~ t•':,;;N~41~41:::.,.._,;;lcj,:.:,.;T.:;IU:;;;:09:..,..,.::11:::P:...:,,;;8;;,A;,;1.;,;41;__;;1S:;P~ 2N 2128 (T0·108) 

:~: :m~ ::: ~:~~g: ;:: ~J~$03 ::: ~~=~ ::: ~~m~ ~~ ~!!~t~~~~!!~N1cs Llg~.'!r::::.d•n• 2N:~r~~~~~:: : : :: :: 

!Zp 8F200 Up OC26 40P 2N59e Up 2NS«2 IHP 2N5458 31p OCP70 SOp ORPI2 47p Tho above o"ora are for a limited 

Up 8f257 Up OC28 41P 2N697 1111 2N3702/3 lip 2N5459 31p OCP71 15p ORP60 65p period only AND oubJoot to 

~~: =~~ :: g~ ~= ~~= 1~ ~:1:1: ::: ~N~~ET• as, 2N5m Sip ORP61 55p pr ... nt atocl<a being available. 

Up BFR4t SIP OC41 Up 2N7'08 tiP 2N3707 flp 3N141 75p Light Emitting Dlodat (LID) TG 

~=~ g~~~ :: 8~ 1~: ~~~= :: ~:~/t ,J; =~ = :~::P •• :;:~;';.,J~:w 4IP Semicon!~!~ ~~~~~.~.tMp 
rs: =~~~ ~== gg~ n: ~~= ~~ ~~~h~ =: ~·m 2Bp I-301;.;.;,5;.;F..:(~f;,;,ll•;;.;m;,;,•;;;n;;:ll.:'.:;H;.:P;....,MFA;:;N~-3=M:.::<LE::;;::D;:.l_t::H::p~!,.;D;.;•;;•;;;.•..;S;,;h:;;";:;':..;.;".;.' ;.;' ·.;. .. ;.;·.;.";,;.'.;.";,;.·:.; .. .;.'•:.~P~J 

1::: =~~ =:: 8gk . 1:: ~~Jm U: ~~=14 r:: ~~mg ~ Fixed o/p +Ve 
ISP 8FXS7 ztp oC73 sop 2Nt302/3 np 2N390S/6 tsp 2N4871 Jtp Voltage Regulators 

lA (Piutlo) CA3048 FO<Ir Independent Amplifier11 NF 0.6 dB . .. Z3CIIo 

I
SCR-THYRISTORS TRIACS OTHER OTHER MC7805 sv ...... t40p CA3067 TV Chroma Demodulotoc .•• .. . ..•.• . . uo, 

tA ~~~ 3
A S:~~ THYRISTORS TRIACS ~g:J: 1~~ ::::::1::: ~gro ~~~t~~~iPte~i>OCOcler · : :: ::: ;: ::= 

~~ ~ ~= l~ ~~A ,= :~ 1:t ~~~m ,:~ :gm = ~g~: ~~ :::::::::: l~n ~~~~!~1'A'm':f.~~.~2"~!~:/cri~~·~~i::::::::::: 
t6A 821 1~ 16011 16A t4S, 1959 22011 2N

4
444 

1B5f ~?t~~T2 ~= Variable o/p t: ~~r:om~)~.~p1'1n~·r· ::::::::::::::::::::::=: 
MC1303 Stereo Premoplifier ................ .. .... !SOp 

AUDIO RADIO & TV ICs 

Voltage Regulator MCI~ FM Stereo Multiplex Oeooder ..... .. .. : .. .. tllp 

nL74 SERIES INTEGRATED CIRCUITS LINEAR IC. Ml723 2v to 37y ..._ MC.I310 Colle" FM Multiplex Stereo Deooder .. . •. 24&p 

CA304S 5VHFT 1 t A DC! 120MH se ...,. MC1312 FO<IrChonnei SODecodor ......... .. ,tto, 

7400 
7401 
7402 
7403 
7404 
7406 
7408 
7407 
7408 
7.09 
7410 
7412 
7413 
7414 
74 16 
7417 
7420 
7422 
7425 
7427 
7430 

'"' IS, 
liP 
22p 
lip 
2Sp 
Up 
Up 
liP 21, 
IS, 

r: m 
Sip 
lip 
25p 
S7p 
31, 
IS, 

7432 
7437 
7440 
7441 
7442 
7445 
7447 
7448 
7450 
7451 
7480 
7470 
7472 
7473 
7474 
7475 
7478 
7480 
7482 
7483 
7485 

S7p 
S7p 
ztp 
75p 
71P 

211p 
8Sp 

lztp 
ztp 
ztp 
Hp 
30p 
30p 
:!tp 
34p 
Up 
S7p 
ISp 
17p 

1281> 
117p 

7486 
7489 
7490 
7492 
7493 
74100 
74107 
74121 
7412.2 
74141 
74142 
74145 
74180 
74181 
74184 
74185' 
74190 
74191 
741V2 
74193 

"' :!to, 
52, 

H: zoo, 
45p 

::: 
ISp 

ZMp 
tsOp 
tiGp 
IIGP 
2tsp 
2tsp 
220p 
220p 
2l!lp 
2l!lp 

CA3048 Tronolot~~n~~~: ... ~~ ..... ~ ....... ~::::::::::~n: MC1327 Dual BalanoodChroma Domodulotor ...... tztp 

LM301 Op. Amp. with external componoolion ............ 48p ACCESSORIES ~~~ V.~~;~:clro'~~~~1iior:::::::::::::::::'U: 
LM307 Op. Amp. with Internal compenootlon ............ SIJ> Oil SOCKETS M C 10 FM If & A.u.dl p A .ep 
~~= ~~~~~~~111~9~~~~~~~::::::: : :::::: : :: :::::: ::::m: ~f;1~~~~4 p;n 1:111· M~c~zo Class BAudlo"&ri~; ~~:::·:: :·:::·:::·:: 110: 

NE538 FET Op. Amp ...... .. ........ • .. .. .... · .... ..... 2tsp Mloo Wuhort + ~~~~g ~~}~%AR~gioF~2,~~:~to~ • : : : : : : : : : : : : 1~ 
NE555 Timor 2uS to 2 houra ........................ · ... IGp 2 Buohoo Sp T8A800 SWalt Audio Amplifier ................... IMP 

~~~~ ~~~~;.~~..di.OOp'.:::: :::::: :::::: : l= l_<_r_o_s_o_r _T_oee_> ____ l ~g!:g ~::J't.,ud~':t:Jih~~r.::::::::::::::::::':: 
NE5e2 High Phuoloc:ked loop with AM Demod ........ tttp Data ShHII on ad'tor- ZN414 TRF Radio RKelvor .... . ................ . I Up 

~~= ~::~~~~~·;hl::!t'!.~::.f~~.~~~.'.'.'.'.'.'.'.'.'.'.'.'.'.'= tloed I.C.o tOp ooch 
NE5U F 11 G 1 s Catalogue tsp 
NEea7 r~~; 8~cod:~.·.'~. ~.':::::::::::::: : :::::::::::::no: l---,;,...;_;.;.;. ___ :..,._~c;~-M=o~s:-:L:-:o~m-'""~:-:;:rr:.c;~.:-----------
709 Op. Am. with external compeneatlon . • . •. ••• . ••• 2tp C04001AE Quad 2 1/p NOR Gate SOp C04018AE Divide by N Pre 

710 Dl"orontlal Vollago Co~tor . .. .. .... : ...... 41p CD4009AE Hex lnverter/Bu"or !Hp 10t1oble Counier :!tOp 

741 Op. Am. with internal oompenutlon . . . .. .• ..• 21p C04011AE Quad 21/p Nand Gato stp CD4027AE Dual J-K Fllp·flop 170p 

747 Dual 741 ....... ..•.. . .. . .. .. . • • • • · .. 7011 CD4012AE Dual 4 1/p Nand Gate stp C04028AE BCDto Doolmol 

748 Op, Amp. with eXIemol compensation · · ... • • · · 56p CD4013AE Dual 'D' Flip· f lop .. 1281> Dtc:odar ........ r7lp 

ICL8038 Voltoga·Controlled Oscmotor .•• • ••• · •• · • • · Z9IJp C04017AE Decode Counter/ CD4047AE Monootablo Multi· 

AU goods brand new. 
Money refunded If not aetiafled. 
OEM, trade, collegtt, lnoulries welcome. 

Dlvldor ............ 111D vibrator ........ liSp 

TECHNOMATIC LIMITED 
54 SANDHURST ROAD, LONDON NW9 

naim audio SPEEDSERVICE 
A new service from one of the 
largest United Kingdom exporters of 
tubes and semi conductors MANUFACTURERS OFAUOO EQUIPMENT 

have 
AEL · GATWICK HOUSE • HORLEY • SURREY · RH69SU 

Telex 87116 • Cables· Aerooon Telex Ho r ley • Telephon e 02934 5 3 53 

WW-036 FOR FURTIIER DETAILS 

In ai~LOGIG PBOBB 340 
P Generates a single minus pulse 

You cah nw tind our factory and showroom at-.. . 
I I Salt Lane, Safighllry, Wtlt~ SPJJDT 
The telephone number remains the same.. .. . 

SALISBURY ~746 

WW-040 FOR FURTHER DETAILS 

of 02±0·05millisecond. 
Buik-in pulse generator 
R£0 & GREEN· ltD APPUED LOGIC LEVEL INDICATOR * Wrong polarity& OVOJioad protectors provi~ * DtteetiOftoftlwpaakvaluoolinputwovoforrn * llt>t• cirarit or ltultyiC can bt detected * AJilogit IMls att .Wblaat • gltntt * \Jniqut hi~ow Tevol probo 

I I Hi! ' 
I t 

ASSOCIATES UMITED 

Forusefn 
rfltectlng TTl, 

DTlffip.flop 
•nrlotiwptJIS6 

Eacn £14•00 
including pp + VAT 

Discounts fOf quantity 

. Bishop's Stortford, Herts. Tel: 0279 56347. Telex: 81657 Javtantj)S Storl 

WW~20 FOR FURTHER DETAILS 
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AC125 AC126 AC127 AC128 AC141 AC142 AC176 AC187 ACisa AD140 AD142 AD143 A0149 AD161 AD162 AF114 AFItS AF116 AF117 AF118 AF121 AF124 AF125 AF126 AF127 AF139 AF181 AF186 AF239 BC107 BC108 BC109 BC115 BCt35 

HP lip IIP Hp 1«P lip lip 12p 
Hp 4IP 55p SOP 43P 
HP 33p 13p 13p 13p 13p 50p 33 P 30p 38p 39 p 30p 33p 45p 
HP 3lp 9p 9p 10P 20p 17p 

BC138 BC137 BC138 8C142 BC143 BC147 BC148 BCI49C BC157 BC158 BC159 BC169C BC171 BC177 BC178 BC179 BC182 BC183 BC184 BC212 BC213 BC214 BC237 BC238 BC239 BC307 BC30S BC309 BCY70 BCY71 BD115 BD121 B0123 BD124 

17p BD131 40p 
I'P BD132 45P 
17p BD153 •bp 
36p BD156 Mp 
35p BDY60 7bp 

/P BDY61 rt5p 
7p BF115 22 p 
Bp BF167 23p 

14p BF170 23 p 
12p BF173 2bp 14p BF177 2>P 
12P BF178 21 p 
12p BF179 33 P 
IBP BF180 UP 
17p BF181 33p 
IIP BF182 33p 
top BF184 22P 
Mp BF185 22 p 
HP BF194 Hp 
lip BF195 12P 
lOp BF198 14p 
Hp BF197 IbP 12p BF200 32p 
Hp BF257 MP 12p BFR39 JOP 
Hp BFR40 30p 
Hp BFR41 30 p 
12p BFR79 30 P 
1«P BFR80 sop 
22p BFR81 sop 
55p BFX29 SUP 

lOOp BFX30 SOp 
IMP 8FX84 2bp 

65p BFX87 20p 

24 p OC74 30p 2N1304/5 «P 
BFY50 I4p OC81 12p 2N1306/7 2ip 
BFY51 14p OC82 12p 2N1308/9 2lp 
8FY52 14p OC83 IIP 2N1613 26p 
BSX19 18p OC84 Hp 2N1711 20P 
BSX20 1«P OC200 SOp 2N2218 21 p 
BSX2I 22p OC201 50p 2N2219 20P 
BU105 220p TIP41A 70p 2N2220 Hp 
MJ490 BSp TIP42A •BP 2N2221 20p 
MJ491 IMp ZTX107 12p 2N2222 20p 
MJE340 45p ZTX108 IOP 2N2369 14P 
MJF370 Tip ZTX109 13p 2 N 2484 30P 
MJE371 B4P ZTX300 14P 2 N 2904 20P 
MJE520 •IP ZTX301 14p 2N2905 Hp 
MJE521 BOP ZTX302 Hp 2N2906 20p 
MJE2955 90p ZTX303 Hp 2N2926RB 7p 
MJE3055 65 p ZTX304 24p 2 N29260 «P 
MPSA12 SOP ZTX500 HP 2N2926YG 9P 
MPSA06 30p ZTX501 Hp 2 N 3053 HP 
MPSA56 32p ZTX502 Hp 2N3054 45p 
MPSU06 B2p ZTX503 45p 2N3055 40p 
MPSU58 78p 2N404 26 P 2N3441 80P 
OC26 40p 2N696 Hp 2N3442 120P 
OC28 41P 2N697 HP 2N3702/3 Hp 
OC35 45p 2N698 HP 2N3704/S Hp 
OC36 S2p 2N706 12p 2N3705/6 Hp 
OC41 Hp 2N708 HP 2N3707 HP 
OC42 15p 2N914 IIP 2N3708/9 9p 
OC44 HP 2N918 48p 2N377t I70p 
OC45 Hp 2N929 20p 2N3772 IMP 
OC70 Hp 2N930 Hp 2N3773 230P 
OC71 HP 2N1131 HP 2N3866 70p 
OC72 Hp 2N1132 Hp 2N3903/4 Hp 
OC73 SOp 2N1302/3 17p 2 N 3905/6 Hp 

2 N 4058 2N4059 2N4060 40380 40361 40362 40409 40410 40411 40594 40595 40600 
FET» 8F244 MPF102 31p MPFiC33 31p MPF104 31p MPF105 31p 2N381S 2 Op 2N3820 57p 2N3823 60p 2N5457 31p 2N5458 31p 2N5459 31 p MOSFETs 

15p 10p 13p 35p 36p 
3IP 50p sop 2Mp •5p 75p 

36p 

3N140 3N141 40603 40673 UJTs TIS43 2N2160 2N2646 2N4871 

B5p 76p 58fl 

RECTIFIER 
BRIDGES 50V 400V 600V 
1A 20p Z4p 25p 2A 30p 45p 48p 4 A 47p Mp 7Op 6A 65p 7Bp lOOp 

SCR-THYRISTORS 
50V 400V 600V 42p 6Dp 7Bp 47p 78p lOOp BOp 85p 1l5p 82p lOOp 150p 

1A 3A 7A 16A 

TRIADS 
50V 400V 600V 85p 90p 120p SOp 12Dp 150p 105p 154p 165p 145p 195p 22 Do 

3A 6A 10A 16A 

OTHER 
THYRISTORS 
2N3525 91p 2N4443 160p 2N4444 18Bp 

OTHER 
TRIACS 
40430 40669 40486 

90p 95p 75o DIACST2 2Bp 

TTL74 SERIES INTEGRATED CIRCUITS 
7400 14p 7432 37p 7486 41p 
7401 I6p 7437 37 p 7489 340p 
7402 Hp 7440 20p 7490 Up 
7403 22p 7441 7Sp 7492 b8p 
7404 Hp 7442 71P 7493 
7405 25 p 7445 21flp 74100 20Qp 
7406 42p 7447 fl5p 74107 45p 
7407 42p 7448 HOp 74121 JAp 
7408 20P 7450 20p 74122 76p 
7409 2Bp 7451 20p 74141 «5p 
7410 16p 7460 20p 74142 200 p 
7412 iUp 7470 sop 74145 HOp 
7413 7472 SOp 74160 HOp 7414 yup 7473 38p 74181 HOp 7416 7474 Mp 74184 225p 
7417 Wp 7475 52p 74185 22Sp 
7420 Hp 7476 37P 74190 220 D 
7422 25p 7480 •5p 74191 220p 
7425 37p 7482 •7 p 74192 220p 
7427 37p 16p 7483 HOP 74193 220 p 
7430 7485 1l7p 

LINEAR ICs 
CA3045 5 VHF Transistor Array DC to 120 MHz iWp CA304S Transistor Array 70p LM301 Op. Amp. with axternal compensation 40p LM307 Op. Amp. with Internal compensation .59p MFC6040 Electronic Attenuator IMp MFC8070 Zero Voltage Switch IIJP NE536 FETOp. Amp ZMp NE555 Timer 2uS to 2 hours -Wp NE556 Dual 555 Timer  'ZJ NE560 High Phase Locked Loop   290p NE562 High Phase Locked Loop with AM Demod 290p NE582 High Phase Locked Loop with Vco 290P NE565 Precision Phase Locked Loop 230p NE5fl8 Function Generator 175p NE567 Tone Decoder 270p 709 Op, Am. with external compensation 2«p 710 Differential Voltage Comparator i 47p 741 Op. Am. With internal compensation  2Bp 747 Dual 741   'OP 748 Op. Amp. with external compensation  56p ICL8038 Voltage-Controlled Oscillator   290p 

SIGNAL 
DIODES 
BA100 BAX13 BAX16 OA47 OA70 OA79 OA81 OA85 OA90 OA91 OA95 OA 200 OA202 1N914 1N916 1N4148 

RECTIFER 
DIODES 
BY 100 15p BY126 I4p 8Y127 I2p BY133 150 BYZ10 sap BYZ1 1 Sbp BYZ'2 SJo BYZ13 J8p 1N4001 bp 1N4004 bp 1N4007 'P PL4004 lOp PL7004 2Up 
LED TIL209 Hp 

ZENER 
DIODES 
3.3V to 33V 400m W Sp 1.3W IIP 1.5W »p 10W 40p 20W Wp 

OTHER 
DIODES 
Tunnel AEY11 Varicap BA145 BA14B 

SOp 
15p 
13P 

OPTO-ELECTRONICS Light Dependent 
Photo-Trsnslstori Resistors OCP70 SOp ORP12 47p OCP71 65 p ORP60 55p 2N5777 SOp ORP61 55p 
Light Emitting Diodes (LED) Red 18p Green 35p Yellow 40p 
Seven Segment Displays 3015F (Filament) 120p MAN-3M (LED) 120p 
Fixed o/p -f-Ve 
Voltage Regulators 
1A (Plastic) MC7805 5V  140p MC781Z 12V  140p MC7815 15V 140p MC7818 18 V t40p MC7824 24V 140p 

Variable o/p 
Voltage Regulator 
ML723 2V to 37V 55p 
ACCESSORIES 
OIL SOCKETS 8 pin 12p. 14 pin 13p, 16 pin 14p. 
Mica Washers + 2 Bushes Bp (T03 or T066) 
Data Sheets on adver- tised I.C.s lOp each Catalogue 15p 

SPECIAL OFFERS FOR 
POPULAR TRANSISTORS 

AC 188  AF 114   AF 115   AF 117   BC109C   BC 147B  BC 148B  BC 149C    2N 2928 (TO-106) 

100+ 500+ 
. »P IP . «P •p . ip •P . Hp Hp 
. Bp tp • Hp •p . BP tp HP Hp Hp fOp .Hp Hp 
• IP tip . fP 5P . »P Sp 
• 7p «P 
. 8p Sp 
. 7p «P 2N 2928 (TO-106) GY   

The above offers are for a limited period only AND subject to present stocks being available. 
TGS GAS SENSOR 

Semiconductor 200p Data Sheet   10D 

AUDIO RADIO h TV ICs 
CA304a CA3067 CA3089 CA3090 IC12 LM377 LM380 LM381 MCI 303 MCI 304 MCI 310 MC1312 MC1327 MCI 345 MFC4000 MFC4010 MFC8020 TAA570 TBA570 TBA800 TBA810 TBA820 ZN414 

Four independent Amplifiers NF 0.6 dB TV Chroma Demodulator .......... FM IF Amplifier  FM Stereo Multiplex Decoder   Sinclair 6Watt Amplifier  Stereo Amplifier 2Watts/Channel — 2W Amplifier  Stereo Preamplifier  Stereo Premaplifier  FM Stereo Multiplex Decoder  Coilass FM Multiplex Stereo Decoder , . Four Channel SO Decoder   Dual Balanced Chroma Demodulator.. TV Signal Processor  1/4Watt Audio Amplifier  FM IF A Audio Pre-Amp  Class B Audio Driver   Limiier Amp. FM Detector   
AM/FM Radio Receiver   SWatt Audio Amplifier  7 Walt Audio Amplifier  2Watt Audio Amplifier  
TRF Radio Receiver  

. 230p . 2 BOp . 260p . . 400p 
..Z20p ..300p ..IWp ... 250p ..IMP ..HOP . . 245p 

, 220P ..IWp ..115p Mp .. SOp . . ttOp . "Op . . IBOp ...IMP ,..12Sp ... lOp ..HOp 

C-MOS 
CD4001AE Quad 2 i/p NOR Gate 50p CD4009AE Hex Inverter/Buffer 120p CD4011AE Quad 2 i/p Nand Gate Mp CD4012AE Dual 4 i/p Nand Gate Mp CD4013AE Dual 'D' Flip-Flop .,120p CD4017AE Decade Counter/ Divider   300 p 

loGIc ICs CD4018AE Divide by N Pre- settable Counter CD4027AE Dual J-K Flip-Flop CD4028AE BCDto Decimal Decoder   CD4047AE Monostable Multi- vibrator   

IMp 170p 
270p 
U5p 

Minimum Order £2. All prices exclusive of V.A.T. P. A P. lOp for orders below £5. Export Inquiries welcome. 

All goods brand new. Money refunded If not satisfied, OEM, trade, colleges, inquiries welcome. 
TECHIMOMATIC LIMITED 

54 SANDHURST ROAD. LONDON NWS 

naim audb 

MANUFACTURERS OFAUDO EQUIPMENT 

/rave , 

movea. 

you can now find our factory and skowroom ah. 

II Salt Lane, Salisbury, Wilts, SPIIDT 

The telephone number remains the same. ■ • 

SALISBURY 5746 

WW—040 FOR FURTHER DETAILS 

m 

Jk, 

SPEEDSERVICE 

A new service from one of the 

largest United Kingdom exporters of 

tubes and semi conductors 

AEL ■ GATWICK HOUSE - HORLEY • SURREY • RH6 9SU 
Teiex 87116 • Cabiej- Aerocon Telex Horley • Telephone 02934 5353 

WW—036 FOR FURTHER DETAILS   

tioWLOGIC PROBE 340 

I1 Generates a single minus pulse /j 

of02±005millisecond. 

Built-inpulse generator 

RED a GREENTED APPLIED LOGIC LEVEL INDICATOR 
* Wrong polarilyS omrloai) proteciors provided 
* Deleclion ol lire peakvalue ot input wavelorm ■* Open cittuit or tauilv IC can be detected 
eja All logic levels ate visibla at a glance 
* Unique higWIowlevel probe Each 

For use in 
detecting TIL, 

OR flip-flop 
and other pulse 

circuits. 

£14-00 
including pp + VAT 

Oiscounts for quanthy 

ASSOCIATES LIMITED 
Bishop's Slortford, Herts. Tel; 0279 56347. Telex; 81657 Jayfamps Storl. 

WW—020 FOR FURTHER DETAILS 
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Digitize that Fluid Input 
Mclennan Engineering are pioneering in the field 
of digitized liquid delivery. The equipment 
illustrated is suitable for medical, veterinary, 
chemical and general laboratory applications. 

DIGITAL SYRING.E TYPE DS110 
Fluid pulse 1 ·0 or 1 0 micro litres 
Number of pulses pre.settable from 1-50,000 
Pulse rate 400Hz-1Hz or ·01 Hz in the case of 
frequency divider model 
Digital 'fluid delivered' display monito.rs output at 
all times 
External B.C.D. signals.can programme the 
number of pulses 
Remote multiple syringe facility 
High reliability. Drive designed around lmpex 
stepper motor system. 

OTHER ITEMS MANUFACTURED BY 
McLENNAN ENGINEERING INCLUDE: 
Digital and analogue servo systems 
Peristatic pumps 
'Process and machine tool control equipment 
Custom-built gearheads and actuator mechanisms 
Precision potentiometer drives. 

If you have a problem in any of the above fields we 
shall be pleased to discuss your special 
requirements. Please get in touch - it costs 
nothing to talk. 

Mclennan Engineering 
CONTROL SYSTEMS AND COMPONENTS 
Kings Road Crowthorne Berkshire 
Telephone: Crowthorne 5757/8. 

WW-101 FOR FURTHER DETAILS 

··n 

~ 
when reliability 

and quality count 
Suppliers of Television Valves, Picture Tubes, 

Industrial and Transmitting Tubes to the 
Electronic Industry. 

Available Ex Stock at advantageous prices. 
Enquiries from 

' I • and I welcome. 

~~ EDICRON LIMITED 
Redan House, 1 Redan Place, London W2 4SA 
Telephone: 01-727 0091/2 Telex: 265531 
Cables: Edicron London W2 
WW-081 FOR FURTHER DETAILS 

COLOUR 
TELEVISION 
SERVICING 
GORDON J. KING, 
RTechEng, MIPRE, FSRE, MRTS, FISTC 

This comprehensive book deals straight­
forwardly with the servicing of PAL receivers. 
using a minimum of mathematics. 

It is divided into three sections: the first 
surveys the colour TV system as a whole, the 
second studies the elements involved (e.g. 
picture tubes, conveyance systems, chroma 
channels) and the third is de'(Oted exclusively 
to servicing. 

0 408 00044 9 328 pages illustrated 1971 
£4.40 

NEWNES-BUTTERWORTH 
Borough Green, Sevenoaks, Kent TN15 8PH 
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Digitize that Fluid Input 

McLennan Engineering are pioneering in the field 
of digitized liquid delivery. The equipment 
illustrated is suitable for medical, veterinary, 
chemical and general laboratory applications. 

DIGITAL SYRINGE TYPE DS110 
Fluid pulse 1 0 or 10 micro litres 
Number of pulses presettable from 1-50,000 
Pulse rate 400Hz-1 Hz or 01 Hz in the case of 
frequency divider model 
Digital 'fluid delivered' display monitors output at 
all times 
External B.C.D. signals can programme the 
number of pulses 
Remote multiple syringe facility 
High reliability. Drive designed around tmpex 
stepper motor system. 

OTHER ITEMS MANUFACTURED BY 
McLENNAN ENGINEERING INCLUDE: 
Digital and analogue servo systems 
Peristatic pumps 
Process and machine tool control equipment 
Custom-built gearheads and actuator mechanisms 
Precision potentiometer drives, 

If you have a problem in any of the above fields we 
shall be pleased to discuss your special 
requirements. Please get in touch - it costs 
nothing to talk. 

m 

12 
:r 

# 
& 

•- 

1 F 

McLennan Engineering Ltd, 
CONTROL SYSTEMS AND COMPONENTS 
Kings Road Crowthorne Berkshire 
Telephone: Crowthorne 5757/8. 

M 

WW—101 FOR FURTHER DETAILS 

A 

when reliability 

and quality count 
Suppliers of Television Valves, Picture Tubes, 

Industrial and Transmitting Tubes to the 
Electronic Industry. 

Available Ex Stock at advantageous prices. 
Enquiries from 

Agents and Importers welcome. 

EDICFON LIMITED 

Redan House, 1 Redan Place, London W2 4SA 
Telephone: 01-727 0091/2 Telex: 265531 
Cables; Edicron London W2 
WW—081 FOR FURTHER DETAILS 

COLOUR 

TELEVISION 

SERVICING 

GORDON J. KING, 
RTechEng. MIPRE, FSRE, MRTS, FISTC 

This comprehensive book deals straight- 
forwardly with the servicing of PAL receivers, 
using a minimum of mathematics. 

It is divided into three sections: the first 
surveys the colour TV system as a whole, the 
second studies the elements involved (e.g. 
picture tubes, conveyance systems, chroma 
channels) and the third is devoted exclusively 
to servicing. 

0 408 00044 9 328 pages illustrated 1971 
£4.40 

NEWNES-BUTTERWORTH 
Borough Green, Sevenoaks, Kent TN15 8PH 
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In the search for quality it helps to 
know where to look. Hi-Fi Year Book tells 
you everything you need to know, with 
separate illustrated sections for every 
major category, giving you prices and 
specifications of over 2,000 products. 
And it's got directories of dealers and 
manufacturers- plus a host of articles 
on the latest hi-fi developments and their 
application. So if you want information 
like you want hi-fi, order your copy 
today because it sells out pretty quickly l 
£2.00 inclusive from the publishers. 

HI·FI YEAR BOOK 1975 

a43 

r---------------~ ORDER FORM: 

I To: Room 11, IPC Electrical-Electronic Press Ltd., I 
I Dorset House, Stamford Street, London SE1 9LU. I 
1 Please send me .............. ................ .. ........ copy /copies of I 
I Hi--Fi Year Book 1975 at £2.00 per copy inclusive. 1 

I ~ ~~~~o::/;_~i.~a~~~~: ~--ir;c-8·~-~i~~~~--P~-~~~-L~d·)·:-- I 
I I 

NAME ...................................... ................................ ..... .......................................... ....................... .. 

I .lf6e~~eE'!{J;_~ -------------·-- --·-·-·-·-----·-·····-·-·-·-·--·-··- ·- ------------------ ---·- I 
I ............................. ................................................................ .......................................................... I 
I ........................................ .................................................... ............................ .................................... I 
I Registered on England No. 677128 I 
L Regd. Office Dorset House, Stamford Street, London SE1 9LU .I ---------------WW--{»4 FOR FURTHER DETAILS 

Principles and Calculations lor 
Radio Mechanics Pan 1 
R. A. Bravery and A. P. Gilbert 
Part of the Radio, Television and Electronics 
Servicing Series, this volume deals with the 
subject matter for Part 1 of the City and Guilds 
Radio Mechanics Course 222. 
1974 152pp., illustrated 040800119 4 £1.50 

Rapid servicing of Transistor 
Equipment 2nd Edition­
Gordon J. King 
This completely revised second edition takes 
account of recent developments such as 
capacitor-diodes, f.e.t.s and integrated circuits. 

1973 180pp., illustrated 040800116X £1.90 

Robotics 
John F. Young 
The object of this book is to present a 
comprehensive and orderly account of the 
principles and practice of robotics. It will 
provide a valuable source of reference for 
research workers and those io related fields. 
1973 304 pp., illustrated 0 408 70522 2 £6.00 

Obtainable through a11y bookseller or from 

NEWNES-BUITERWORTH 
Borough Green, Sevenoaks, 11.: 

Kent TN15 8PH. Tel. Borough Green 2247.1!!1 

MORE AND BETTER PROGRAMMES 

FROM YOUR TV/HI-FI by 

Turning Your Aerial 
TO THE DISTANT STATIONS OR 

FOR LESS BACKGROUND 
By simply dialling the direction. new programmes may 

be yours or in some areas you may get the choice of two 

or more different commercial TV stations. 

If you spend £1 COs on your Hi-Fi for a little extra you 
may improve the quality and number of stations. 

The AR30 for normal-sized TV and Hi-Fi aerials is 

£27.65. 
For large or stacked aerials, we recom-
mend the AR40, using the same 
control unit. £32.95. 

Buy direct from us. the importer with 
the experience and the after-sales 
service. 
Despatched by SECURlCOR with a 
24-hour delivery (48 hours some 
parts of Scotland). 

S M C LID OSBORNE ROAD, TOTTON 
SOUTHAMPTON, S04 4DN 

a • • TEL. TOTTON 2786/4930 

WW--tJ97 FOR FURTHER DETAILS 
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where or 

In the search for quality it helps to 
know where to look. Hi-Fi Year Book tells 
you everything you need to know, with 
separate illustrated sections for every 
major category, giving you prices and 
specifications of over 2,000 products. 
And it's got directories of dealers and 
manufacturers — plus a host of articles 
on the latest hi-fi developments and their 
application. So if you want information 
like you want hi-fi, order your copy 
today because it sells out pretty quickly I 
£2.00 inclusive from the publishers. 

HI-FI YEAR BOOK 1975 

ORDER FORM: 
To; Room 11,1 PC Electrical-Electronic Press Ltd., 
Dorset House, Stamford Street, London SE1 9LU. 
Please send me copy/copies of 
Hi-Fi Year Book 1975 at £2.00 per copy inclusive, 
I enclose remittance of £  
(cheque/P.O. payable to IPG Business Press Ltd). 
NAME  
(please print) 
ADDRESS  

Registered in England No. 677128 

WW—044 FOR FURTHER DETAILS 

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

Principles and Calculations for 

Radio Mechanics Part 1 
R. A. Bravery and A. P. Gilbert 
Part of the Radio, Television and Electronics 
Servicing Series, this volume deals with the 
subject matter for Part 1 of the City and Guilds 
Radio Mechanics Course 222. 
1974 152pp., illustrated 040800119 4 £1.50 

Rapid Serviciag of Transistor 

Equipment 2nd Edition 
Gordon J. King 
This completely revised second edition takes 
account of recent developments such as 
capacitor-diodes, f.e.t.s and integrated circuits. 
1973 180pp., illustrated 040800116 X £1.90 

Robotics 
John F. Young 
The object of this book is to present a 
comprehensive and orderly account of the 
principles and practice of robotics. It will 
provide a valuable sonrce of reference for 
research workers and those in related fields. 
1973 304 pp., illustrated 040870522 2 £6.00 

Obtainable through any bookseller or from 
NEWNESBUTTER WORTH 

Borough Green, Sevenoaks, 
Kent TN15 8PH. Tel. Borough Green 2247. 

ia 

MORE AND BEHER PROGRAMMES 

FROM YOUR TV/HI-FI by 

Turning Your Aerial 

TO THE DISTANT STATIONS OR 

FOR LESS BACKGROUND 
By simply dialling the direction, new programmes may 
be yours or in some areas you may get the choice of two 
or more different commercial TV stations. 
If you spend £100s on your Hi-Fi for a little extra you 
may improve the quality and number of stations. 
The AR30 for normal-sized TV and Hi-Fi aerials is 
£27.65. 
For large or stacked aerials, we recom- 
mend the AB40, using the same 
control unit. £32.95. 
Buy direct from us, the importer with 
the experience and the after-sales 
service. 
Despatched by SECURICOR with a 
24-hour delivery (48 hours some 
parts of Scotland). 

S.M.C. LTD 

OSBORNE ROAD, TOTTON 
SOUTHAMPTON, S044DN 
TEL. TOTTON 2785/4930 

WW—097 FOR FURTHER DETAILS 
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THE NEW NELSON-JONES FM TUNER 
PUSH-BUTTON VARICAP DIODE TUNING 

(6 Position) rww· .JuNe '73> 

Exclusive Designer Approved Kits 
What are the important features to look for in an FM tuner kit 7 Naturally it must have an attractive appearance when built. but it must also embody the latest and best in circuit design such as:-
MOSFET front end for t.xctllt nl cron modulation oenormance and low noise. I PHASE LOCKED Stere-o deeoderwith Stereo mute, see below 3 GANG tuni ng for high selectivity. LED fine tuning Ind icator•. • ~t:lc;t.~ ~~r~~sgf~;~d.~o010':,~~~~~~;~~~-connguratlon for lowdlstorllon. rcu~~:~r~~~~ ~;J"3/g-~::,~~~~~~~~~:l ~~;~~~-• FM band (88·104). INTEGRATED c i rcuit IF ampllflers for reliability a1ld oxcellent limlt1ng/AM rejection. ·CABINET doublo voneored against warp. The Nelson-Jones Tuner has all of these features and many more. and more importantly the design is fully proven not just with a few prototypes but with many thousands 
of working tuners spread across the world. Typ. Specn: 20 dB quieting 0.75uV. Imago rejection - 70dB.I.F. Rejection -85 dB 
Basic tuner module prices start as low as £12.31 . with complete kits starting at 
£26.96 (mono) + P.P. 65p. and of course all components are available separately. 
Our low cost alignment service is available to customers with~ut acc~ss to a 
signal generator. Plea~ send large SAE for our latest pnce lists wh1ch details all of 
the many options antl special low prices for complete kits. All our other products 
remain available. 
PORTUS AND HAYWOOD PHASE LOCKED DECODER IW.W. Sept. '70). Still the 
lowest distortion P.L. decoder available. THO typically 0.05% (at Nelson-Jones 
Tuner 0/P level)! Supplied complete with Red LED. 
Price £7.02 when bought with a complete N·J tuner kit or £8.29 if bought 
separately (P.P. 21p.} 
PLEASE NOTE. Existing tuners are readily convert ible 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 £30.78 plus P.P. 65p including Teak Sleeve. 

NEW LOW COST 'STEREO TUNER Availableas basicorcompletekits 
Basic stereo tuner £15 post free . . 
Basic mono tuner £12 post free. 
6 position push button units with 
integral pots £2.92. 

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

TYP. SPECIFICATION 
2pV for 30dB S/ N 
I mage rejection 40dB 
IF rejection 65dB 

instruction;~~~;an~:::~:~:a~::~~ :~n~8-42 ~At:cess 
Complete mono kit £24.19 

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

INTEG REX LIMITED, P.O. Box 45, Derby, DEl 1TW Phone Swadlincote (0283 87) 5432 Telex 377106 

Quadraphony, Clocks and Counters New items! 
DIGIT~L CLO~KS B~ ~YWOOD . . I 
Professional quality. 6-d1g1t. 12 or 24 hour d1splay ....... ...... ......... ...... . .............. .. £33.65 + £2.69 VAT 
Beautifully finished in executive case. also available as easy-build kit ····················1···£29.65+£2.37 VAT FREQUENCY COUNTERS 
Small . attractively-styled. up-to-the-minute design. 1 0Hz- 30MHz 6-digit ............. .. 
LED display. also available as easy-build kit .............. . .... ....... ................. .. .... . , .. . PRICES ON 
High-frequency model 1 0Hz-220MHz minimum. still a full 6-digits and LED display .... APPLICATION 
~IT.C:~~~~~~~~sy-build k~t .. .............. .... . .. ....... ... .............. . ...... . .. . ... ..... 

1 
.. . 

CBS-SO Decoder. mcorporatmg MC1312 .... .................. . ................................ £11 + 88p VAT 
Kit available ............ ...... ..... ........ ..... ....... .... ........ ......... ...... ....... ....... .... 

1 
... £8+ 64p VAT 

Stereo Decoder. incorporating MC1310 ..... ......... .... ........ ...... ........ ................. £6.95 + 55p VAT 
Kit available ........ ......... ............... ... ......... .. ................. . .... . .. ........ ..... .... . .. £5.95+47p VAT 
Goldring G1 01 Turntable. less cartridge ...... ..... ..... ... .... ... .. ......... ......... ...... ... , ... £23.90+ £1.91 VAT 
Deutch-Eiac Cartridge STS 144/ 17. List price £17.90 ... .... .................................. £7.90 + 63p VAT 
Quadraphonic Records supplied upon request. 1 
Just arrived in t ime for Xmas- Top-Quality Koss Headphones. Details and prices on 

Handy little aluminium boxes still available. Foulsham-tab. books available. 

ALL PRICES ARE POST FREE 
A FUll TECHNICAL AND AFTER-SALES-SERVICE IS PROVIDED. 
AS MANUfACTURERS AND DISTRIBUTORS WE WELCOME TRADE AND EXPORT ENQUIRIES. 
COMMUNICATIONS CONSULTANTS . .. INSTRUMENT DESIGNERS . .. FOUR-CHANNEL SOUND SPECIALISTS. 

P.O. BOX 18 
CM 18 BSH 

HAR L0\1\/ 
ESSEX 

Telephone : l-larlc:Mt(scd027 9) 2545 7 

WW-099 FOR FURTHER DETAILS 

application 

I PLEASE LET us KNOW AFTER 7 DAYS IF 
YOUR ORDER IS NOT ACKNOWLEDGEO. 

I NAME 

AD DRESS 
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THE NEW NELSON-JONES FM TUNER 

PUSH-BUTTON VARICAP DIODE TUNING 

(6 Position) rww june 73) 
Exclusive Designer Approved Kits 

What are the important features to look for in an FM tuner kit ? Naturally it must have an attractive appearance when built, but it must also embody 
the latest and best in circuit design such as:— 
MOSFET front end for excsllenf cross tnodulalion oertormance and low noise. 3 GANG tuningforhigh selectivity. VARICAP tuning diodes In back to back configuration for low distortion. CERAMIC ftiters tor defined IF response. INTEGRATED circuit IF amDllflersfor rellabiJIty and excellent limiting/AM rejection. 

PHASE LOCKED Stereo decoder with Stereo mule, see beiow LED fine tuning indicators. funin9 (with AFC disable) over the FM band (88-104). ic STABILISED and S/C protected power supply. -CABINET double veneered against warp. 
The Nelson-Jones Tuner has all of these features and many more, and more importantly the design is fully proven not just with a few prototypes but with many thousands 
of working tuners spread across the world. 7 ,  ;  Typ. Specn: 20 dB quieting 0.75uV. Image rejection—70dB.I.F. Rejection—85 dB 
Basic tuner module prices start as low as £12.31. with complete kits starting at 
£26.95 (mono) + P.P. 65p. and of course all components are available separately. 
Our low cost alignment service is auailable to customers without access to a 
signal generator. Please send large SAE for our latest price lists which details all of 
the many options and special low prices for complete kits. All our other products 
remain available. 
PORTUS AND HAYWOOD PHASE LOCKED DECODER (W.W, Sept. '70). Still the 
lowest distortion P.L. decoder auailable. THD typically 0.05% (at Nelson-Jones 
Tuner O/P level)] Supplied complete with Red LED. 
Price £7.02 when bought with a complete N-J tuner kit or £8.29 if bought 
separately (P.P. 21 p.) 
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 £30.78 plus P.P. 65p including Teak Sleeve, 

NEW LOW COST STEREO TUNER Available as basic or complete kits 
Basic stereo tuner £15 post free. 
Basic mono tuner £12 post free. 
6 position push button units with 
integral pots £2.92. 
TYP. SPECIFICATION 
ZuVfor 30dB S/N 
Image rejection 40dB 
IF rejection 65dB 

No alignment required. Mullard LP1186 front end module used with Ceramic IF and 
IC amplifier. Push button tuning (6 position) with Interstation Mute, restricted 
range AFC, single LED tuning indicator, phase looked IC decoder, and complete 
metalwork and veneered cabinet. Complete with IC regulated PSD and full assembly 
instructions. (Mechanicaily identical to N-J Tuner.) ACC8SS 

VAT at 8% is included in all prices 
INTEGREX LIMITED, P.O. Box 45, Derby, DEI 1TW 

PRICE Complete stereo kit £28.42 
Complete mono kit £24.19 
p. a p. 65p 

Phone Swadiincote (0283 87) 5432 Telex 377106 

Quadraphony, Clocks and Counters ^ New items! 

DIGITAL CLOCKS BY BYWOOD 
Professional quality, 6-digit, 12 or 24 hour display  £33.65+£2.69 VAT 
Beautifully finished in executive case, also available as easy-build kit I £29 £5*5 4-^2 97 \/ax 
FREQUENCY COUNTERS  ' . J v« i 
Small, attractively-styled, up-to-the-minute design, 10Hz-30MHz 6-digit   
LED display, also available as easy-build kit  {...PRICES ON 
High-frequency model 10Hz-220MHz minimum, still a full 6-digits and LED display . ...APPLICATION 
Also available as easy-build kit      
QUADRAPHONY  { 
CBS-SQ Decoder, incorporating MC1312   '...£11+8Sp VAT 
Kit available    ...£8+64p VAT 
Stereo Decoder, incorporating MC1310  | ...£6.95 + 55p VAT 
Kit available  £5.95 + 47pVAT 
Goldring G101 Turntable, less cartridge  I.. .£23.90+£1 91 VAT 
Deutch-Elac Cartridge STS144/17. List price £17.90  ''!£7.90+63p'vAT 
Quadraphonic Records supplied upon request. . 
Just arrived in time for Xmas—Top-Quality Koss Headphones. I Details and prices on 

Handy little aluminium boxes still available. Foulsham-tab. books available. | aPP''ca*'On 

ALL PRICES ARE POST FREE PLEASE LET US KNOW AFTER 7 DAYS IF 
YOUR ORDER IS NOT ACKNOWLEDGED. 

A FULL TECHNICAL AND AFTER-SALES-SERVICEIS PROVIDED. 
AS MANUFACTURERS AND DISTRIBUTORS WE WELCOME TRADE AND EXPORT ENQUIRIES. 
COMMUNICATIONS CONSULTANTS... INSTRUMENT DESIGNERS... FOUR-CHANNEL SOUND SPECIALISTS. 

NAME 

V 

SE 
A 

Studio Electronics 

P.O. BOX 1B 

CM 1S BSH 

HAR LOW 

ESSEX 
Telephcne: HarlcwCscd027 S ) 25^157 

WW—099 FOR FURTHER DETAILS 
WW12/74 
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SQ IS A TltAOfMARK O F CBS INC. 

SQ QUADRAPHONIC DECODERS 
SQ tho lettdh\9 quiOitphonlc &Yii-tcm, dc.~~lgntd b'( CaS l'!ngineel'$, often not QI'IIV 4 channel a,.-nbiophotfy frOM tho 

lest e>cpandlng tii'I{IO of SO tioooded diSCf bvt 81110 t~nmensetv inctOIIttd cU!$)th end fullJl$$~ of ~ from 
$t(lncl.."'rd 911:lf40 riCOI'dlnge (0o. 
Feed 2 Channelt (200 1000mV as obtrt11'16blt "'M mos~~lif118r.) into your c::hotot of .. ny ol our 9 ~ 

~~·~F~':: = ~~~=-~tev:. be ~ed~ T:.;s=::~=~ 
~IOIS~~~IS, used \ftW IJoenco Hn\ CSS. ar8 elf ... fn lu1 bm c:ompri:&ing ,.,., ... 

~ onfy-4Sbte ., .. cRuit ~dt o4 Pf~ ~ity ~ for td;e ~ot ~- ... 

restston: 2" met~l Oldde ... , polorstYJene Wid ~tte ~i!Ot'S 5• Qf t.tt ... ~ In dccodet" L2 utcraiOw 
noise (MPS J\18 O.&d8 l'yp.) t.rllnSistOt'S uMd In eli~Clt .,._Oiifvii'IG ~ge 
M1 ~sic mattl• dtcoder With filfcd · t~ blv<f. 10 Resistors. 14 C.~tora. I ltuegrated Circuit,. Ptu,!ed 

g~~~~~~ ~~IOd OO~r with 'wa~ matChing' ;JAd ' fronH>aek IOglo' for t nholnc»tt <;ho:mnel ~artdon uting 
three llp&eia11y OHigMd ln;egr<~tod Circui t£, 24 Reti&tors.. 4:l Cl11P:IICI1mil, 3 lnttQrated O.rwit&. Pfit1ted Cwcud 
So\lrd. £19-80. 

~P!~i!,.":;~=~~~~~=l~n~eg~~:~~~Tr:S=.:~~Pti~1~u~:~~J:2o~ 
A'J~ indudt ICtocUtsand c::oni"..ructionnolOI, """*' lndude C9St~foe. 
PlNwwrri:•tcwt"""*dttailtWtfAEE UST 
Urited JGnQdom: '-thee.~ edd 8SVAT 0¥eneu: No VAT fiiMM tolf(pcr Nt) CI ·SO p ApA!RMAilor 
80pp&pSIJAFAC[MAIL 

~ AM~~~~~~p~!t~S ~ 
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BUILD 
A PROFESSIONAL TELEVISION CAMERA 
Complete kits available as designed by "Mullard" Includes a compre­

hensive construction manual, less tube and lens at £60·00 + VAT. 

lens and tubes also available from stock. UHF Modulator Kits at 

£7·19 includ ing P. & P. & VAT. Allows standard domestic TV to be 

used as monitor (Modulator also suitable for TV Tennis and other 

similar games). 

Send Sp stamp for illustrative brochure and price sheet. 

CROFTON ELECTRONICS 
124 COLNE ROAD, TWICKENHAM, MIDDLESEX TW16QS 

Tel. 01-898 1569 

WW- 203 FOR FURTHER DETAILS 

STEREO IC DECODER 
HIGH PERFORMANCE PHASE LOCK ED LOOP 

( .. In 'W.W.' .July 72) 

MOTOROLA MC1310P EX STOCK DELIVERY 
SPECIFICATION 

Separation: 40<18 50Hz-15kHz. Distortion: 0 ·3% 
1/P level: 550mV rms 0/P level: 485mV rms per chonnol. 
lnpu!lmpedance: 50kQ. Power requirements: 8 ·16V a1HimA 

NOTE 

Will drive up to 75mA stereo 'on' lamp or LEO. 

KIT COMPRISES FIBREGLASS PCB ONLY 
( Roller tinned). Resistors, I.C., Capacitors. 
Preser Potm. & Comprehens1ve Instructions 

LI GHT EMITTING DIODE 
Suitable as stereo ·on' indicator lor above 

£3·98 
RED 

GREEN 

MC1310P only £3·15 plus p.p. 6p 

WHY PAY 
MOAE7 
POSt free. 
29p 
59p 

As the supplier of the first MC1310P decoder kit, of which we have sold literally thouunds. 
our customers can benefit from our wide experience. 

V.A.T. 
Please add V.A :r. at 8% to all pde•• 

FI·COMP ELECTRONICS 
BURTON ROAD, EGGINTON, DERBY, DE& 8GY 

a45 

ele~tor 
120,000 'European electronics 

enthusiasts read Elektor. Now 

the first English edition is here, 

and British readers can join 

them. 

Elektor is a fund of well 

thought-out and thoroughly 

tested projects, new ideas using 

modern electronic compon­

ents, objective comment on 

new developments. 

ele~tor 1 
equa amplifier 
quadro systems 

tap sensor 

steam whistle 

distortion meter 

mos clock 

Try it. 

If you like it, 

we'll give you 

this month's 

issue free* 

This month 

t Motional feedback t One-chip MOS digital clock 
speaker circuit t Sound effects for model 

t Varicap tuned masthead railways 
preamplifier t N-position touch aC1ivated 

t High quality amplifier switch 

t Distortion meter t Quadro systems 

" Write to us enclosing 35p P.O. or cheque for th1s month's 
Elektor. If you like Elektor and wish to receive the next eleven 
issues, we offer you the subscription for the price of ten issues , 
£4.60 includ ing postage. 

Elektor Publishers Ltd. 
6, Stour Street, Canterbury CT1 2XZ. Tel Canterbury (0227) 54439 
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SQ IS ATRADEMARK OF CBS INC. 

SQ QUADRAPHONIC DECODERS 
sa IW Mns vs^eoronlo sysiom, by CBS onglieb™. o»rs no. only 4 channelamoiophony 1,0.-0 .he fail excandno ranac of SQ encoded discs out also Immenselv increased depth and fullness of sound .roin siandord stereo recordings too. 0 . Feed 2 channels (2CO lOOOmV as obieineble from most ore-Bmolifie's) into your choice o- any al our J cccor-ers arvd take 4 channels out v/.th no overall signal level redur-tion. On the logic enhanced decoders volume, from- Back. LF-RF. LB BR and Dimension controls can all be implemented Ov simple single gang twtontiometeta—no need for exotic 4-Qang unitsl ...... c„. --i- These state-of-the-arl circuits, used under licence from CBS. are cfcrcd in kit form comprising first grade ccmponcn-s only—fibre giass circuit boards of professional quality designed fc eclgc coonector nserlicn. an resistors 2% metal oxide, ell poivstyrone and polycarbonBle capncho« 5% or better 3r<l .n decoder L2 ultra low nbsefMPS Al 8 O.BdBtyp.) transistors used in each im.pllf'/inn stage- . 
Ml Basic mavix decoder v.Sth fixed 10-40' Wend. 10 Resistors. 14 Capacitors, 1 Integrated Circuit. Pruned Circuit Board. C&54. , , , , • LI Full logic controlled decoder with "wave matcfinn' and Trom-back ktgic' to' enhanced channel separation using three specially designed Integrated Circuits. 24 Resistors. 42 Capacitors. 3 Integrated Circuits. Printed Of curt Board. £19 80. ( ^ ^ _ u i2 More odvancod full logic decoder with 'voriaolc blend", extended trequency response, increased rronrpocx separation. 43 Resistors 44 Capacitors, 3 Integrated Circuits. 9 Transistors, B Diodes. Printed Circuit Board. £28-20. AH kits include IC sockets and construction notes. Prices incluoa CBS licence fee. PlflascwritcfotfiffihetdeiailsinFREE UST United Kingdom: Post Free. Pieass add 8% VAT Overseas; So VAT Please add (per kit) £1-50 p & p AIR MAIL or 0Oppe<C SURFACE MAIL 

PO BOX 3000 
ANDOVER, HANTS SP10 3EQ 

WW—079 FOR FURTHER DETAILS 

4 

BUILD 

A PROFESSIONAL TELEVISION CAMERA 
Complete kits available as designed by "Mullard" Includes a compre- 
hensive construction manual, less tube and lens at £60 00-VAT. 
Lens and tubes also available from stock. UHF Modulator Kits at 
£719 including P. & P. & VAT. Allows standard domestic TV to be 
used as monitor (Modulator also suitable for TV Tennis and other 
similar games). 
Send 5p stamp for illustrative brochure and price sheet. 

CROFTON ELECTRONICS 
124 COLNE ROAD,TWICKENHAM. MIDDLESEX TW26QS 

Tel. 01-898 1569 

WW—203 FOR FURTHER DETAILS 

STEREO IC DECODER 
HIGH PERFORMANCE PHASE LOCKED LOOP 

(as in ■«.«.' July '72) 
MOTOROLA MC1310P EX STOCK DELIVERY 

SPECIFICATION 
Separation: 40dB SOHz-l5kHz. Distortion; 0-3% 
l/P Level; 560mV rms O/P level: 485mV rms oef channel. 
Input Impedance: SOkO. Power requirements; 8-16V at 16mA 

Will drive up to 75mA stereo 'on' lamp or LED. 
KIT COMPRISES FIBREGLASS PCB ONLY WHV PAY 
(Roller tinned). Resistors, I.C., Capacitors, 
Preset Potm. a Comprehensive Instructions 

po.QQ MORE? ZaO HO post free. 
LIGHT EMITTING DIODE 
Suitable as stereo 'on' indicator foi above 

RED 29p 
GREEN 5dp 

MC1310P only C3-15 plus p.p. 6p 

A?thl supplier ol the first MCiaiOP decoPer kit, ol whlcli we have sold llletally thousands, our customers can benefit from our wide experience. 
V.A.T. Please add V.A T. at t% to all prices 

FI-COMP ELECTRONICS 
BURTON ROAD, EGOINTON, DERBV, DEG 6GV 

elektor 

120,000 European electronics 

enthusiasts read Elektor. Now 

the first English edition is here, 

and British readers can join 

them. 

Elektor is a fund of well 

thought-out and thoroughly 

tested projects, new ideas using 

modern electronic compon- 

ents, objective comment on 

new developments. 

eleUtor 1 

equa amplifier 
quadra systems 
tap sensor 
steam whistle 
distortion meter 
mos clock 

m 

HVii 

Try it. 

If you like it, 

we'll give you 

this month's 

issue free* 

This month 

t Motional feedback 
speaker circuit 

t Varicap tuned masthead 
preamplifier 

t High quality amplifier 
t Distortion meter 

t One-chip MOS digital clock 
t Sound effects for model 

railways 
t N-position touch activated 

switch 
t Quadro systems 

"Write to us enclosing 35p P.O. or cheque for this month's 
Elektor. If you like Elektor and wish to receive the next eleven 
issues, we offer you the subscription for the price of ten issues. 
£4.60 including postage. 

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



a46 Wireless World, December 1974 

TRANSFORMERS 
CASED TRANSFORMERS 30 VOLTS BRIDGE RECTIFIERS Houwcl in aman re~t"' J1 ttl c.,tl. with 3-cOJ• NEw I 2" AND 4" 

• PANEL METERS c:Jc... HWf u1:~. ~~~ ·.:~~.., .t,:•:at::ick~~~ 
t rt tytfUJ. with 110 volt or 2fo -~ •'"t.IPit u e 
:·~~~ t'o~ ~ l~ 11~:;~~~~;:i~gA' ::'~o':O~~ 
Stt ,._.o t nd llolation uctiona for pnc=u. "• ""'· 

SAFETY ISOLATING 
Prim. 120/240V. S ec. 120J240V. C entre Tap IYlth s creen 

PfiiC( 
VA REF. Pilla ... PfiiC( 

!WAmJ !Ia. Cotod 2 1'1o- 1 Ean!l l)pu 11>$1 
[ ( r c 

80 149 7-35 0.80 4.11G &38 
100 150 8-22 tiD 4-60 Q-52 
200 151 1t20 0.80 1;10 0:52 250 152 11·68 tao 8·88 0.65 350 153 14-10 tao 10.80 0·80 500 1!;4 15-18 tao 12·38 1·00 750 ISS 24-113 I·OD 18-12 1·20 1000 156 32·19 1·00 211-50 1·20 1500 157 38-11 1·00 3t34 OA 2000 158 411-20 2;10 34-68 OA 3000 159 511-50 z.40 53-35 O.A. 

MINIATURE & EQUIPMENT 

PRIMARY 2001240V. 
SECONDARY 12, 15, 20, 24, 
30V. 
AMPS Ref. Price P ot! 

No. £ £ 
o.s 112 1-72 0 ·22 

I 79 2-21 0 ·38 
2 3 3-26 0·88 
3 20 4-10 0•42 
4 ?I - 0.52 s 51 5-10 0 ·52 a 117 - 0·52 
8 88 - 0·87 

10 89 8-47 0 ·87 

50 VOLTS 
PlllMARY 200/240V. 
SECONDARY 18, 25. 33, 40, SOV. 
AMPS Ref. Price 
0·5 102 H3 

Post 
0·30 

I 103 3-DO 0·38 
2 104 4-57 0·42 
3 105 5-211 0·52 
4 108 H9 0·52 
8 107 11-17 0·81 

ONE AMP Price 
50 P.I.V. 0.26 

100 P.LV. 0.25 
200P.l.V. 0.28 
600 PJ.V. 0.30 

~ 
FOUR AMP 
IOOPJ.V. 0.55 
200 P.lV. 1!-SI . 
400PJ.V. -SOOPJ.V. .75 

lWOAMP 
50P.LV. 0.35 

l OO P .LV. HO 
200 P.l.V, &46 
400 P.l.V. 0.50 

SIX AMP 
SOP.l.V. 0.55 

100 P.l.V. 0.70 
200 P.l.V. ~ 
400 P.l.V. tiD 

2" 
S~Zl; : 60m10 
45m.. High 
Deop. 
Movt:mant 

Wide X 
X 40m.m 

4" 
SIZE: I IOmm WM!o X 
82mm High X 43mm 
Doop. 

Ul MOYameat LR 
Ohn Dh• 

0.50-A. 1250 D-50-A. 1400 
O.IOO ibkooA. 580 D-IOO-..A. 730 
IH>OO ooic• A. 110 &-SOO .a.A. 200 
&-1 11111 110 &-1 ""' 2IIG 
O.SmA 110 0-SmA 211G 
&-10 lilA 6 0.10 m4 6 
&-50 m4 0•5 D-50 mA 0-5 
D-100 ""' 0·5 D-100 mA 0-5 
0.500 lOA 0·5 D-500 mA CI-S 
&-1 AMP 0·5 D-1 AMP 0·5 
1)-2 AMP 0·5 D-2AMP 0·5 
0-25 Voh ISK D-25Voll 18K 
IH>O Volt 50K 1)-50 Volt 6CJC 
Q..JOO Voll lOOK &-300 Volt 30CJC 
"g" Mollt 170 "g" Memr 200 
VU Mobr 5250 VU Mollr 8250 

Primary 2AOV w ith S creen I 
VOLTS MILLIAMPS TYPE P RICE Poat 10 

118 14-11 0.97 
119 15-47 0.97 POWER UNIT vu lllltttlert - ltta--on. --­Prict z• o-1s , ... 10,. Price 4• £4-15 Posr 10,. ~ l55io ........ 

Soc. I S ec. 2 Sec. I S ec. 2 No. 
3-0-3 200 238 
~ D-6 500 500 234 
~ ().6 100(. 1000 212 
8-0-9 100 13 
D-9 D-9 330 330 2SS 
D-8·9 0-8-9 500 500 207 
D-8·9 o-s-9 1000 1000 208 
15·0·15 40 240 
D-15 0-15 200 200 236 
20-4-20 30 241 
D-20 D-20 ISO ISO 237 
D-15-20 D-15-20 500 500 205 
D-20 D-20 300 300 ?14 
D-20 3500 No Screen 1116 
20-12-0- 700 2?1 
12·20 (D.C .} 
D-15-20 D-15-20 1000 1000 206 
D-15-27 D-15-27 500 500 203 
0.15-27 0.15-27 1000 1000 204 

£ £ 
1-23 0 ·10 
1·30 0 ·10 60VOLTS 1·95 0 ·22 
1-23 0 ·10 PIUMARY lli!VZAIY. 
1-43 0 ·10 SECONDARY 24, 30, 48, 60V. 
H S 0 ·22 AMPS Ref. Price 
2-30 0 ·30 O·S 124 Z.OI 
1-23 0·10 I 128 2-s8 
1-30 0 ·10 2 127 4-83 
1-23 0 ·10 3 125 ... 
1-30 0 ·10 · 4 123 7·94 
2-47 0 ·38 5 40 .... 
1-72 0 ·22 8 120 111-11> 
3-00 0·40 I 121 13-61 
2-31 0 ·30 10 122 18-15 

12 189 11-DD 
3-22 0·38 
z·n 0·38 
HZ 0·38 

TYPE 
CC12-05 

Poat 
0·38 
0·38 
D-42 
0·52 
0>67 
0·81 
0·82 Outpot switdlod 3. H . 8, H. 9 w 12 
I-DO Yallsat 500 IIIAO.C. ~- 240 V 
I-DO .....,., -lol Rlcliot. Topt...-._ 
HO _ l'to)oeB ..._ Sia7-5X5-0X 

140ao.Prict f3.95.Post2Sp. 

MAINS KEYNECTOR 
The safe. q11i(l COIIIIItctor for tl1ctrieal 
owfiances. 13 A"P rauoo. 11rsed Wll 
conn!ct a number of tppliancts qui~ 
and safely to the maiN. ldul ftr 
tutitlg, deMOnttrii tii'IQ. window displr;t. 
etc.. Waming Ugbt. klt111Gd:ed to pf't'Ytl'l 
conne-cting when INt. 
Trad• Price: £3-25. Post 25~ 
l amps: 75p per ut. 

-!·WATT CARBON FILM RESISTORS 
also available t won It 70"C E 12 range IQ0-1MO. 5~ tol. 

· above 470KO 1616 tol. ot ' 5p per i OO. · 

12 and 24 VOLTS PRIMARY ZOt-Z40 Volta. AUTO TRANSFORMERS 
PLEASE ADD 8% FOR VAT AMPS TYPE PRICE Post 

f2V NV No . £ £ 
0 ·3 0·15 242 1·34 0·22 
D-5 0 ·25 111 1-38 0·22 

I 0·5 ?13 H I 0·22 
2 I 71 2·09 0 ·22 
4 2 18 2-58 0·38 a 3 70 3-80 0·42 
8 4 108 HO 0·52 to 5 12 4-10 0·52 

12 6 118 HI 0 ·52 
15 8 11 •zz t ·52 
20 10 115 H 7 D-59 
30 IS 187 11·95 0 ·97 
40 20 232 13-28 1·00 
80 30 228 15-30 1-10 

PRICE 
VA Ref PRICE 

2 ~"!~i~ IWetto) No. Cased 
c £ 

Topped at 115. 220. 240 Volts 
20 11 3 3-00 0.15 

T~~d at 1154200. 22~~0V0111,_15 
200 65 6-40 0.1 5 
300 66 7·27 0.15 
500 67 9-99 0.1 5 
750 83 12·58 0.711 

1000 84 15·70 0.75 
1500 93 19-88 0.75 
2000 95 3().10 1-44 
3000 73 43-58 1·90 

PRICE 
Open 

£ 

1 ·55 

3-98 
450 
5-28 
11-29 
!H 6 

12-40 
16-58 
22·05 
32-00 

p .. , 
£ 

0.30 

().39 
0.40 
0.52 
0.87 
().82 
().82 
1·50 
1·50 
1·90 

A.S. P • (Dept.WW12) 

Byre House. Simmonds Road 
Canterbury. Kent CT1 3RW 

Tel : Canterbury (0227) 52436 

ElE[JJprwiJili[JS l 111 MONEY BACK I F NOT SATISFIED. 
LARGE STOCKS. LO~ PRICES . 
ALL 8RA!>1l NEll' TOP GRADE FULL 
SPEC DEVICES.CALLERS WELCOME . 

58 -60 GROVE ROAD, 
W IN DSOR, BERKS. 

'FAST SERVICE • SEND C . W. O. ADD VAT TO ALL PRICES I N U. K. P&P l5P. EUROPE 2 SP. OVtiRSEAS 6SP . CATALOGUE/LIST F~~ SEND S . A . E . . 
~II NITROI' l 0 15F 
o-90P £1.15 e a 

Digital Displays 

CJ I 
l--

LED 0 . 3" digit 
0-9DP U . 49 ea 

{ 
JU.IBO LED 0 . 6" 
0 - 9DP £2 . 25 e a 

LIQUID CRYS'I'AL 
6 digit us 

14P./ 

702. OPA (>9p Nl'<.: 40 00 IN AF 3S p 
70 3 RF/1 F 28 p 1·1FC4060 S4p 
709 T099 21 p t.:f <.:b030 Slp 
709 OIL 14 29p ?.lf C6040 90p 
710 Dl I. H .36p :.JfCSOIO 11 . 10 
720 Radio H . 39 :.lfC8040 U 
i23 Regulator67p :>eSH HV/us t2 
741 T099 29p XES36 Fl:T OPA12 
741 OILS lip XE>40 !>river U 
74 1 Dlt.14 lip ~:ES 46 AM Rxil . S() 
i '7 t>ual 741 S9p ~csso Zv ref 79p 
748 DIL R 36P :<E55S TH!r:R 0 7p 
1 505 ~~n~~~ t.cr , 7 t-IE SS6 Uual" t l. 30 
7805 lJ\SV t t . 59 i\'ES60 · PLI, t; ' t5 
7808 1A8V n . 69 N!i36 1 ~LL £:! , 15 ~!JN I P I N SOURCE OR RED DIF fUSE ?&l2 •l•\l2V u .og )1£362 PLL t3 . l9 

LEOS . Z09 STYLE . NO CLIP . l 4P e a 
781

S IA IS\' l'.l . 69 )1£5 65 PLL £2.69 
TIL209 RE!) LED & CLIP 17P e a 76009 J~> AF 7Sp NES60 Cen 12.4 9 
BIG I" R"D LE~ • CLIP JBP. A" 76013 6W ,\>11 . 39 ~ES07 code i2 .69 

= ~ • ~ 8038 Slg Cen £3 ~~~i~~~ ~~! i~~ 
~~~G~s: ~~i~c L~D~iiP 33P ea CA3046 69p S:-.i72748 748 36p 

f~FRA REO LED H .2!\S777 3l P, 
PS12 PHOTO IC/amp /swi t ch 11. 

[]H:nTP!l ClDCH 
~lOS I N'l'I:GRA'I'ED ClRCUI'l'S . 
AY5 1224 4 DIG IT CLOCK s u pp l i ed 
wit h 14 p i n soc ket & da t a 1 4.25· 
~15311/ 14 o DIGIT CLOCX with 
28 pin soc k et & data 17 . 50 
llDIGTT DVN AYSlSOO 17 . 50 
40!CIT COU~TER/JRI\'ER S7 . 30 

W30l OPA 49p S:-176131 Sl.ZO 
1.1-1307 OPA 49p 
L~l308 HlBoPa 9Sp ~~mt~ i~1f1 ~~S 
ti:~~i K ~~,i ~2 t~ 9 TAD Loo & IP U 
LM372~ AF/ lf £ 2 2~1006 £3 
LMl 7 3 i 3 ZN4 OZT 1 I • 75 
I.M377 2x211 t2.6g Z~40l Servoil . SO 

t~~~~) ~~p~~. t~gp ZK4!4 AM Rx£ 1.09 

LM382)311lp 12 .....-1qn TTl LN3900 4x0PA 69p ~fl 

:~CHOl U. 20. 
11 

7400 etc iHcs 16p 
I·IC1306 49p 7413 schm1 tt 3lp 

(ASSET. JE I·IC 1 31 0 & LED £2 . 69 7H7 d river 11.09 
l·IC13J 2 SQ3mp $.2.50 7·17 0/7 2 :12 p 

mechan .ICS @<\1 0)) o~ 'fi .v.Cn3o ~9v 74 73/74/76 :;9p 7k. U & 0 l.!dJ ~fC l l39 £1 7,175 48 p 
HCB :;o SSp 7490 C o u nter 63p STEREO CASS ETT!l ~U:CUIINISM . 

As used i n imp orted types 
cos t i ng £100 . 0 n ly r equ i r e s 
a c ase & e lec t r onics . Ucads 
supplied . Send f or data I 

NC 1351 7l p 7492 Counter 69p 
O!C l3S2 7l p 741 21 onono 4Sp 
:·IC1H7 H 74141 driver S3p 
>ICllSS 11 
:!Cl37S U . S ' Full r ange in Cat. 

SPECIAL OPFf.RS 

741 29p HFC4000 3Sp 
555 67p ZN414 £1.09 
B:107 , BC108,BC!09 9p ea 
2X305S S9p Three fo r U 
l!SW/TOl or 90W plastic 
2Nl 8 19£ l6p 2~3053 17p 
BFYS0/Sl/S2/S3 all l Sp 
IASOVr ect 4p c o IX9 l l 4p 

v~~!76~p.ftli@fftl 
COPJ>~R CI.Ail VEROBOARO 0 . 1" 
2 jx5" 27p . Zix3l" 24p. 3ix31"27p . 
l,xS'' 29p . 3lxl7" i l.SO 
OIL IC's BOARDS 6x4i" U . SO 
24 way edge connector 60p 
36way 90p . PLUS l!''xl7 U 
FACE CUTTER 43p . FEC ETCHANT 

aa&O!P)®tru®®!P) 
Price e ac h :- l'R! N'l'ED C I RC UIT ROAI\U KIT £ !.69 
AC J 2 7 / l28 l6p 'L'IP29S 5 90p COPPER .BOARD 6x4" 40p . 
ACl 87/!88 l9p l'LP305 5 SS p I!ESOLDUR 3 RA IO r e e l 59p 
AD16l/ 162 3Sp TIS~3 U.JT ' 25p HEAT S IN KS 
BC107 /8/9 9p LN4001 4p £/ . 
3Cl32/4/7 18p !1(~004 6p S TOS & 18f/T0_8 Sp e3 . 
BCI47/8/9 lOp l!\4148/914 4p TV4 12p. 'fV3/TOS 16p . 4YI/T03 
SC157/S/9 12p 2~697 13p cAPAC I TORS BC167/S/9 Up 2~706/8 lOp 
!JC.I 17/S/9 18p 2~26<6 49p 22pf to O. luf 4p ea . HECTROLYTIC 
SC182/3/1•1lp 2~2904/5 20p 2SV 2/10/50/lCOu f 6p . l000uf 20p 
BC Z1 2/3/4 ' 12p 2X2926royg 9p PIUiSt:TS VERT:5p . RES ISl'ORSS\ l lp 
' A or L 2N305 3 1 7p 
BCY70/ 112 1 Sp zNsos s 39p POTS AB or EG 1 N 
ll013l/ 2 39p 2N361 4 49p 
BFYS0/1/2 l8p 2:'-:3702/3 9p ROTARY:l 2p . SW ITCH 13p.DUAL 38p. 
8 FYS3 l7p 2:\3704/3 l Op S LI OE RS::; I NGLE 26p . DOUBL~ 48 p. 
BSX20 l Zp 2~ 3 706/ 7 9p 
~IJE29SS 9Sp 2;>:;JOS/9 Sp SWlTCUES:SPST ISp . llP:JT 25p . 
I·LJESOSS 62p z:nilO/li 9p MINI l":SPS':' :19p . PUSII S9p . 
~t?U13lpuL •9p 2~3S6S/64 l6p BEliCH POh'ER SUPPI.Y 3-HV £5. 
OA91 Sp 2X3566/67 16p :>Ill PLUGS all l3p 0 .,.Sockcts 9p 
TIPZ9A 48p 2'13638 16p TRANSFORMERS lA 6/lZY H . 34 
TIP30A S7p 2:\36H/2 l6p BHA 0002 :.!()UUL_= ! ~WATT AMP 'S TIP31A 6lp 2:'i3S l SE 16p " ' 
T lPl2,\ 73p 2NSS32E 1 7p EAIOOO 411' AF .'lODULE i2 , 19 
TI1'41A 78p 2:-< 3904 / 6 1 4p S l1/l2V F LUORESCENT L ICffl' £3 . 
'1!!'42A S9p 21-14 249 ! 6 p []ll 1, ~ 

-:ll:-:Z:::Y:::-8 :-8 ..,4"'o""o..,ml.,..~ ..:,__T-AG.,-. -,1-,/-.0- 0_:S:..:S.:...P I 5 [] [! n e I 
ZEN£1($ 9p C l 0 7D l SCR 
BR IDGe RECT 4A/4 0 0 Y S Sp 
lA SOV 20p 

GAS S£1\SOR £2 
GAS " KIT tS 

SCI46D TR IAC 
lOA JOOV 7Sp 

PROF J.:SS I ONAL 
GOLD PLA TEO 
& GREY NYL0:-1 . 
8,14 or 16 PI N 
O.~LY IS p e ach . 

WW--029 FOR FUR11fER DETAlLS 
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TRANSFORMERS 

CASED TRANSFORMERS HouMd in aman /e»in-co»i»d aiaal caset. with 3-tMB pcwar cablf and Oitkt tocktl. fuaad ariaaiy wirdinn iK-abtn lypci m fined with 3-cm ouUti agcketi, and are a»»leblo with 110 volt or 240 voll oglpot IPIiaae jjate.1 Auto tffM are lined with 2-pin flat itvlo sockets op io 500 VA. 3-ein sochtt Irow 750 to 3000 UA, See Aulo end IwUtion sections for pnwi. Plm* litre. 
SAFETY ISOLATING 
Prim. 120(2407. Sec. 120/240V. Centre Tap vrlth screen 

PBICt VA REF. PRICE WATTS) Mo. Casod 
80 149 7-35 100 150 822 200 151 10-20 250 152 11-88 350 153 14-10 500 154 16-88 750 155 2463 1000 158 32-19 1500 157 38-1B 2000 158 45-20 3COO 159 56-50 

Plugs PRICE 2 Pin—1 Earth Open Post £ f £ 680 4.00 0-38 680 4-60 0-52 680 7-40 0-.52 680 888 0.85 680 1680 080 680 12-38 100 1-00 18-72 1-20 100 28-50 1-20 100 3634 OA 2-40 34-68 OA 2-40 53-35 OA 
MINIATURE & EQUIPMENT Primary 240V with Screen VOLTS    Sec. 1 Sec. 2 3-0-3 0-8 0-6 9-0-9 0-9 0-8-9 0-8-9 15-0-15 0-15 20-0-20 0-20 0-15-20 0-20 0-20 20-12-0- 12-20 0-15-20 0-15-27 0-15-27 

0-6 0-6 
0-9 0-8-9 0-8-9 

0-20 0-15-20 0-20 

0-15-20 0-15-27 0-15-27 

MILLIAMPS TYPE PRICE Poet Sec. 1 See. 2 No. £ £ 200 — 238 123 010 500 560 234 t-30 0-10 lOQt 1000 212 1-95 0-22 100 — 13 1-23 0-10 330 330 235 1-43 0-10 500 500 207 1-78 0 22 1000 1000 208 2-30 0-30 40 — 240 1-23 0-10 200 200 236 1-30 0-10 30 — 241 1-23 0-10 150 150 237 1-30 0 10 500 500 205 2-47 0 38 300 300 214 1-72 0-22 3500 No Screen 1116 309 0-40 700 — 221 2-31 030 (D.C.) 1000 1000 206 3-22 0-38 500 500 203 2-73 0-38 1000 1000 204 3-52 0'38 
12 and 24 VOLTS primary 200-240 volts. 
12V 0-3 0-5 

4 
0 8 10 12 16 20 30 40 80 

AMPS 24V 0-15 0-25 0 5 1 2 3 4 5 6 8 10 15 20 30 

TYPE No. 242 111 213 71 18 70 108 72 116 17 115 187 232 

PRICE £ l-M 1-38 1-58 209 2-58 3B0 4-20 4-80 5-01 6-22 947 11-95 13-28 15-30 

Post £ 0-22 0-22 0-22 0-22 0-38 0-42 0-52 0-52 0-52 0-52 0-69 0-97 1-00 1-10 

30 VOLTS 
PRIMARY 200/Z40V. SECONDARY 12. 15, 20, 24. MV. AMPS Ref. Price Posl No. £ £ 0.5 112 t-72 0-22 1 79 2-21 0-38 2 3 3-26 0-38 3 20 4-10 0-42 4 21 4-66 0-52 5 51 5-80 0-52 6 117 650 0-52 8 88 650 0-67 10 89 8-47 0-87 
50 VOLTS PRIMARY 200,'240V. SECONDARY 19.25. 33 40,50V. AMPS Ref. Price Post 05 102 2-33 0-30 1 103 3-00 0-38 2 104 4-57 0-42 3 105 620 0'52 4 106 689 052 6 107 11-17 0-67 8 118 1419 0'97 10 119 15-47 697 

BRIDGE RECTIFIERS 

60 VOLTS PRIMARY 20a'240V. SECONDARY 24, 30.4. 8. 60V. AMPS Ref. Price Post 0-5 124 2-08 0-38 1 128 296 0'38 2 127 4-63 042 3 125 684 0-52 4 123 7-94 0-67 5 40 8-86 0'87 6 120 1615 0-82 8 121 13-58 100 10 122 1815 100 12 189 1600 110 

ONEAMP Price 50 P.I.V. 625 100P.I.V. 625 200 P.I.V. 628 600PJ.V. 630 
FOUR AMP 100 PJV 655 200 P.I.V. 659. 400 P.LV. 685 600 P.I.V. 675 
TWO AMP 50 P.I.V. 635 TOO PJV. 640 200 P.I.V. 0-45 430 P.I.V. 650 
SI* AMP 50 P.I.V. 6flB 100P.I.V. 670 200 PJ.V. Offl 400 P.I.V. 600 

POWER UNIT 
TYPE 
CC12-05 

Oulpul switchid 3. 4-5. 6. 7-5. S md 12 Vohs at 500 mA D.C. Operates from 240 V mains, luilsble tor Radios, Taps Recordeis. Record Players etc. Sire 7-5 X 5 0 X 14-0 cm, Price £3-95. Poil 25p. 

AUTO TRANSFORMERS 
VA Ref PRICE (Watts) No. Cased 2 £ Tapped at 115, 220. 240 Volts 20 113 3 00 0-15 Tapped at 115. 200. 220, 240 Volts 

Plugs & 3 pin PRICE Open Poet £ £ 

15 200 300 500 750 1000 1500 2000 3000 

65 66 67 83 84 93 95 73 

580 840 7-27 9-99 12 56 15 70 13-88 3010 43-58 

0-15 015 0-15 0-15 0-75 0-75 0-75 1-44 1-90 

1-56 
398 4-50 5-28 8-29 9-76 12 40 16 58 2205 3200 

0-30 
0-39 0-40 0-52 0-67 0-82 0-82 1-50 1-SO 1-90 

MP1/1 II 2" AND 4" 
IMtv V I PANEL METERS 

2" 4" 
SEE: 60mm Wide x SEE; 110mm Wide X 45mm High X 40mm 02mm High X 43mm Deep. Deep. Movemtnl LR Moviment LR Ohms Cute 6-50 micro A. 1250 0-50 micro A 1400 6-100 micro A. 580 0-100 micro A 730 6-500 micro A, 170 D-500 micro A. 200 6-1 mA 170 0-1 mA 200 0-5 m4 170 6-5 mA 200 0-10 mA 6 0-lDmA 6 0-50 mA 0-5 0-50 it* 05 6-100 mA 0-5 0-100 mA 0 5 0-500 mA 0-5 0-500 mA 65 0-1 AMP 05 0-1 AMP 0-5 6-2 AMP 05 0-2 AMP 0-5 6-25 Voh f5K 0-25 Voll I5K 0-50 Volt 50K 0 SOVoli 5(X 0-300 Voit 300K 0-300 Voll 300* "g" Meier 170 V Mear 200 VUMetar 5250 VU Meier 5250 
VU Maters ate complete wiih detectors. Modam wide view, rnce 2" £3-15 Post 10p. Price 4" £4-15 Post lOp. Lamps 5&) per set 

MAINS KEYNECTOR 
The sale, quick, connector (or electncai 
appliances. 13 Amp rating, fused w4l 
conned a number of appliances quick^ 
and sifely to the mains, ideal Icr 
testing, demonstrating, window display's, 
etc.. Warning Light, inliriocked to prevent 
conneding when live. 
Trade Price: £3-25 Post25p. 
Lamps: 75p par set 

i-WATT CARBON FILM RESISTORS 
also available i watt at 700C E 12 range 100-1 MO. 5% tol. above 470KQ 10% tol. at d5p per 100. 

PLEASE ADD 8% FOR VAT 

A.S.P (Dept. WW12) 
Byre House. Simmonds Road 
Canterbury, Kent CT1 3RW 

Tel: Canterbury (0227) 52436 

EiEaiKEiiias ua 
58-60 GROVE ROAD, 
WINDSOR,BERKS. 

PRICES IS U.K. PSP ISP. EUROPE 25P.OVERSEAS 6SP. 

MONEY BACK IP NOT SATISFIED. 
LAPSE STOCKS. LOW PRICES. 
ALL BRAND NEW TOP GRADE FULL 
SPEC DEVICES.CALLERS WELCOME. 

CATALOGUE/LiST FREE SEND S.A.E. 

Digital Displays 

14 P. 

MINITRON 3015F 
0-9DP £1.15 ca 
Lcl) 0.5" digit 
0-9DP £1.49 ea 
JUMBO LED 0.6" 
0-3DP £2.25 ea 
LIQUID CRYSTAL 
6 digit £18 

702 OPA 
703 RF/IF 
709 1099 
709 DIL 14 
710 DIL 14 

69p 
28p 
Zip 
29p 

.56c 

MINI PIN SOURCE OR RED DIFFUSE 
LE0S. 209 STYLE.NO CLIP. MP ea 
TIL209 RED LED Si CLIP 17P ca. 
BIG j" RED LED S CLIP ISP ea 
ORANGE !, GREEK LEUS! 
MINI 25P ea.BIG S CLIP 33P ea 
INFRA RED LED I1.2K5777 33P. 
PS12 PHOTO IC/amp/swicch II. 

□ IGlTftL cinch 
MOS INTEGRATED CIRCUITS. 
AV51224 4 DIGIT CLOCK supplied 
with 14pin socket 5 data S4.2S 
MM5311/14 6 DIGIT CLOCK with 
28 pin socket L data £7.50 
3SDir.1T DVM AYaSSOO 17.50 
4DIGIT COUNTER/DRIVER £7.50 

CASSETTE ^ 
mechanics^ ^aSC 
STEREO CASSETTE MECHANISM. 
As used in imported types 
costing £100.Only requires 
a case & electronics.Heads 
supplied.Send for data I5p. 

\ MCI530 
' MC1359 

MCI 350 
MC1351 
MCI352 MCI 357 
MCI3S8 
MC1375 

69p 
£1 
55p 
?2p 
£1P 

£1 
£1.25 

!©[nn)(}©®OT]dy©ft©rs 

720 Radio £1.39 
723 Regu]atoT67p 
741 T099 29p 
74! D1LS 3Ip 
741 DILI- 3Ip 
747 Dual 741 89p 
748 DIL S 36p 
1505 IC A/D 

Converter £7 
7805 1A5V £1.59 
7808 1A8V £1.69 
7812 ■ 1A12V £1.69 
7815 LA 15V £1.69 
7 6009 iV." AF 75p 
76013 6iV AFS1.59 
8058 Sig Gen £3 
CA3046 69p 
LM301 CPA 49p 
LM307 0?A 49p 
LM308 HiBoPa 9Sp 
LM309K Reg.£2.29 
LM371 RF/IF £2 L-M372N AF/IF £2 
LM373 £3 
LM3 77 2x21.' £2.5-7 
LM38C 2W AF S9p 
LM38I)2xpre.£2 
LM582) auto £2 
LM3900 4xOPA 69p 
MCI303 £1.20 
MCI306 49p 
MCI310 & LED £2.69 
MC 1312 SQaiop £2.50 

MFC4000 iiv AF 35p 
MFC4060 54p 
MFC6050 S2p MFC6040 9Op 
MFC8010 £1.10 
MFCS040 £1 
NE551 35V/US £2 
NE536 FET OPA£2 
NES40 Oriver £1 
NE546 AM Rx£1.50 
NES50 2v ref 79p 
NE55S TIMER 67p 
NE556 Dual"!1.30 .VE560 PLL £3.15 
NE561 PLL £3.15 
NE562 PLL £3.19 
NE565 PLL £2.69 
Nr:5fc6 Gen £2.4 9 
NE567 code £2.69 
SN72709 709 29? SN7274I 741 31p 
SN727-8 743 36? 
S.N76I31 £1.20 
SN76660 FMIF £1 
SN76611 IF £1.25 
TAD loo & IF £2 
Z.M400E £3 
2N402T £1.75 
ZN403 Servo£2.50 
ZN414 AM Rx£1.09 

Pmn TTL 
7400 etc gates 
7413 scSimitt 

16p 
Sip 7417 driver £1.09 

7470/72 
7473/74/76 7-1 75 
7490 Counter 
7492 Counter 
74121 mono 
74141 driver 

32p 
39p 48p 
65p 
69!i 
45o 
83p 

Full range in Cat, 

ver o 
SPECIAL OFFERS 
741 29p MFC4000 55p 
555 67p ZN4I4 £.1 .09 
BC107,BC10S,3C109 9p ea 
2N30S5 39p Three for £1 
135K/T03 or SOW plastic 
2N38I9E lOp 2N3053 i7p 
BFYSO/51/S2/53 all ISp 
XASOVrect -Ip ea IN914 4f 

Price each:- 
AC127/128 16p 
AC 187/188 19p 
AD161/162 35c 
BC107/8/9 Qp 
SC132/4/7 18p 
BC 14 7/8/9 LOp 
BC157/8/9 I2p 
BC167/S/9 12p BC 177/8/9 ISp 
6C182/5/4* ilp 
BC212/3/4 *12p 
*A or L 
3CY70/1/2 
BO151/2 

T1P2955 90p 
IIPSOSS 5555 
TIS43 UJT'ZSp 
IN'4001 4p 
IN4004 6p 
IN'1148/914 -Ip 
2N697 13D 
2.N706/8 lOp 
2N2646 49p 
2N2904/5 2Op 
2N2926royg 9p 

ibp 
39p 

BFY55 
BSX20 
MJE2955 
MJE50S5 

BFYSO/1/2 ISp 
I7p 
12p 
9Sp 
62p MPU13Iput i'Jp 
3p 

48p 
S7p 
6lp 
?3p 78p 
S9p 

0A91 
TIP29A 
TIP30A 
T1P31A 
TIP32A 
TTP41A 
TIP42A 

2N3053 
2N3055 
2N3614 
2N3702/3 
2N3704/5 
2N5706/7 
2.N3708/9 
2rs:3 7iO/13 
2N5S65/64 

17? 
59p 
4 9p 

9p 
ICp 

9p 
8p 
9p 

16p 
2.N55G6/67 16p 
2N3638 
2X3641/2 
2N3819E 
2N3832E 
2X3904/6 2N4249 

16p 16p 
16p 
l^P 14p 
I6p 

VERO PINSx36 ZSp.  
COPPER CLAD VEROBOARU 0.1" 
ZlxS-1 27p.2!x33" 24p.33x3i"27p . 
3txS" 29p.33x17" 11.50 
DIL IC's BOARDS 6x4i" £1.50 
24 way edge connector 60p 
36way 90p. PLAIN 3S"xl7 £1 
FACE CUTTER 43p. FEC ETCHANT 

PRINTED CIRCUIT BOARD KIT £1.69 
COPPER BOARD 6x4" 40p. 
UESOLDER 3RAID reel S9p 
HE ATS INKS 
Sf/TOS S ISf/TOlS Sp ea. 
TV4 I2p.TV3/T03 t6p-4VI/T03 29p 

CAPACITORS 22pr to O.Iuf 4pea.ELECTROLYTIC 
25V 2/10/50/lOOuf 6p,1000ur 20c 
PRESETS VERT:5p.RES ISTORS5j ilp 

POTS ABorEGIN7 

ROTARY:12p.SWITCH 13p.DUAL 38p. 
SLIDERS:-SINGLE 26p.DOUBLE 48p. 
SWITCHES:SPST ISp.DPDT 25p. MINI J":SPST 33p.PUSH 39p. 
BENCH POWER SUPPLY 3-I2V IS. 
DIN PLUGS all 13p* ea-Sockets 9p 

TRANSFORMERS 1A 6/12V £1,34 
BHA 0002 MODULE ISWATT AMP IS 
EA10OO 4W AF MODULE £2,49 
8IV/ 12V FLUORESCENT LIGHT £3. 

BZY8S 4 OOmW 
ZENERS 9p 
BRIDGE SECT 
1A 50V 2Op 
GAS SENSOR £2 
CAS " KIT £5 

TAG 1/400 55P 
C107D1 SCR 
4A/400V SSp 

SCI460 TRIAC 
10A 400V 7Sp 

OIL sockets 
PROFESSIONAL GOLD PLATED 
S GREY NYLON. 
8,14 or 16 PIN 
ONLY ISp each. ♦ 

WW—020 FOR FURTHER DETAILS 
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Collect Wireless World Circards. 
And build a valuable dossier on 
circuit design. Circards is a new and comprehensive system, 

launched by Wireless World, to provide professional 
engineers and enthusiasts with valuable and 
up-to-the-minute data on circuit design. Data not 
available from any other single source. 

Each Circard is 8H x 5H and shows a specific 
circuit, a description of the circuit o~ration; 
component values and ranges; circwt limitations; 
circuit modifications ; tested circuits ; 
performance data and graphs. 

The double-sided format enables the Circard to 
be filed in standard boxes for easy reference. 
And the plastic wallet provided keeps the cards 
well-protected. 

Circard sets come in wallets and cost £1.50 
per set. A subscription for 10 consecutive 

~-~, ........ sets costs £ t 3.50. 
<.":: .: >·:: · : .·. ,~ .. Start your personal dossier on circuit design 

......,. .... "":: · ~ -~·~...::~,.~ -·L~":·· ..:· :::~.,.. by completing and returning the coupon below. - "'--..::.:;.::.:.- ... ·· .,• -.~:::~· ~ "'" "' ' ~ 
~ -~ .. t.,. .._· ..... ~ ...... -<_ .,~' ..... ~ ..,. 

~WOrld . ,. =~: .:· s-iC~~' • 
.~--.:::---.:.Cirr-... -~..A sen-': .---- ........, ___ ___ ..__. ___ _ 

' ...__ _ ...aA"''~"': 'fYI'* - \ 
'" • M,._ 'II~~ V' _,. ,..,rr 

.. : .anye\.,.S - ~ .. :,,...':..,~)·· 
........ ~ ~~ .............. ~w . .. ~ .. , .. ii!IJO .tett ~ -;~~~· ...... ..._ ,. ~· ~=---~·=-- \"'\· ..... ~ .. 

~ -;;:- - ~~~t ~~) ~~,.:... ~ 
, _r _._j\ o ).&U ,t a .. • ::=:: ~t filii! 1- , 

:.,.....:..-.t· .... - ,.. ~ -· ........... ~ ~..--~·: ' ,. _'.., .. . ~-~· .. L .... ~..-.::::--; ~.~ ... ~;· ~·-:.::. 
~~ ~ :,.¥ __ ... :,._...- .,..,._ _. .., • • ..,. .. :.. 

;;:...--...:-- ~-- .. ~ ~·,··~~-=-;~ 
~~ . .:.;. ----- . -- '* ~,::;..~~~.~;:,..,...·,.,. 
. . •r · ....... ---. 4 _,.- ... -~--- \,lll'lll'•r.:. ..... -~ ........ .c 
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__.~~-~.::..:.~~~ ·~~--

..________ ~.-..-~~~.,_:m#~ • ..... -· ---- ~- ·-:::-· .... \ ~-0.:::·· 
\ :,:::.~ . 

Subjects already covered by Circards ~------------------------, 1. Basic active filters. 2. Switching circuits, comparators and 
schmins. 
3. Waveform generators. 4. AC Measurements. 
5. Audio circuits: preamplifiers, mixers, filters and ton:e 
controls. 
6. Constant curren t circuits. 7. Power amplifiers. 
8. Astables. 9. Opto-electronics. 
10. Micropower circuits. 11. Basic logic gate circuits. 
12. Wideband amplifiers. 13. Alarm circuits. 
14. Digital counters. 15. Pulse modulators. 
16. Current differencing amplifiers- Signal processing. 
17. Current differencing amplifiers-Signal generation. 
18. Current differencing amplifiers-Measurement and 
detection. 19. Monostable circuits. 
Subjects planned 
Two-Transistor circuits, Multipliers and Dividers, 
Code conveners, DC Amplifiers and Choppc:n, 
Amplitude modulation and detection, Transistor arrays. 
Sets 18- 25 will be sent to subscribers separately after 
publication. We shall be pleased to receive your order. 

I 

To: General Sales Dept., IPC Business Press Ltd., Room II 
Dorset House, Stamford Street, London SEt 9LU 

Please send me set no( s) 
I wish to subscribe to set no(s) 

I enclose chequejmoney order for £ 

@ [,r.so each o· 
@ £ t3.50 D* 

*Tick as requir~:djChequ~:s to be made payable to IPC Business Press Ltd. 

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

Address 

I ................................ - ........................................................................... . 
I Company r egistered in England. Registered address, D orset House, 
l Stamfor d Street, SE1 9L U England. R egistered Number-677128 I 

I 

..... -----------------------~-------.-----------------; 
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Collect Wireless World Circards, 

And build a valuable dossier on 

circuit design. 

Circards is a new and comprehensive system, 
launched by Wireless World, to provide professional 
engineers and enthusiasts with valuable and 
up-to-the-minute data on circuit design. Data not 
available from any other single source. 

Each Circard is 8" x 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. 

Circard sets come in wallets and cost £1.50 
per set. A subscription for 10 consecutive 
sets costs £13.50. 

Start your personal dossier on circuit design 
by completing and returning the coupon below. 
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Subjects already covered by Circards 
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. 
6. Constant current circuits. 7. Power amplifiers. 
8. Astables. 9. Opto-electronics. 
10. Micropower circuits. 11. Basic logic gate circuits. 
12. Wideband amplifiers. 13. Alarm circuits. 
14. Digital counters. 15. Pulse modulators. 
16. Current differencing amplifiers—Signal processing. 
17. Current differencing amplifiers—Signal generation. 
18. Current differencing amplifiers—Measurement and 
detection. 19. Monostable circuits. 
Subjects planned 
Two-Transistor circuits. Multipliers and Dividers, 
Code conveners, DC Amplifiers and Choppers, 
Amplitude modulation and detection. Transistor arrays. 
Sets 18-25 will be sent to subscribers separately after 
publication. We shall be pleased to receive your order. 

f To: General Sales Dept., IPG Business Press Ltd., Room u 
I Dorset House, Stamford Street, London SEx 9LU 

I Please send me set no(s) 
I I wish to subscribe to set no(s) 

@ £1.50 each □* 

@ £i3-50 □* 

11 enclose cheque/money order for £ 
I "Tick as required/Cheques to be made payable to IPG Business Press Ltd. 

{ Name    

| Address   -       
| H 

I   - -  
I Company registered in England. Registered address, Dorset House, 
( Stamford Street, SEr 9LU England. Registered NnmberfiyytzS 
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It's Ne\N, 
It's Versatile 
It's frorn li:!lequiprnent 
Yes indeed!, yet another addition to Telequipment's range. 
This time it's a series of low cost. true dual beam oscilloscopes. 
Setting new standards for high performance, versatility 
and value, the 63 series will appeal to the most budget 
conscious of organisations. 
Designed to meet the ever increasing demand for low cost 
15M Hz oscilloscopes with plug-ins. the 63 series 
offers the choice of 5 different vertical amplifiers 
which include a TV monitor, a differential 
amplifier and 15M Hz general purpose plug-ins 
with or without signal delay. 
Two main frames are available-the.D63 
with a conventional c.r.t., or the 
OM 63 fitted with a variable 
persistence storage tube, both 
accepting any combination of 
two from the five vertical 
plug-ins available. These plug­
ins cover a wide range of 
requirements in single. dual 
and four channel operation. in 
addition to X-Y applicat ions 
requiring low phase-shift 
characteristics. 
UK provisional prices (excluding VAT) 
£310-£665 depending on choice of main 
frame and plug-ins. 
Write now for details and find out the full scoRe of 

....... 
Telequipment's 63 series. You won 't be disappointed. 

TELEQUIPMENT 

Telequipment gives you more scoPe for your budget Tektronix U.K. ltd., 

WW-061 FOR FURTHER DETAILS 

Beaverton House, P.O. Box 69, 
Harpenden, Harts. 
Telephone: Harpenden 63141 
Telex: 25559 

Sales and Service throughout the world 

T015 10/74 
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It's New 

It's from lelequipment 

Yes indeed !, yet another addition to Telequipment's range. 

This time it s a series of low cost, true dual beam oscilloscopes. 
Setting new standards for high performance, versatility 
and value, the 63 series will appeal to the most budget 

conscious of organisations. 
Designed to meet the ever increasing demand for low cost 
15MHz oscilloscopes with plug-ins, the 63 series 
offers the choice of 5 different vertical amplifiers 
which include a TV monitor, a differential iiutrfef 

amplifier and 15MHz general purpose plug-ins 
with or without signal delay. 
Two main frames are available-the D63 
with a conventional c.r.t, or the 
DM 63 fitted with a variable 

persistence storage tube, both 
accepting any combination of 
two from the five vertical 

plug-ins available. These plug- 
ins cover a wide range of 

requirements in single, dual 
and four channel operation, in 

addition to X-Y applications 
requiring low phase-shift 

characteristics. 
UK provisional prices (excluding VAT) 

£310—£665 depending on choice of main 
frame and plug-ins. 
Write now for details and find out the full scope of 

Telequipment's 63 series. You won't be disappointed. 
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lelequipment gives you more scope for your budget 

TE L E Q U I PM E NT <im> 

WW—061 FOR FURTHER DETAILS 

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

Sales and Service throughout the world 

T01B 10/74 



This month's front cover shows part of a 
printed circuit of Sphericall, a Pye TMC 
l.sj. device for push-button telephone 
dialling. 
(Photographer Paul Brierley) 

IN OUR NEXT ISSUE 
(published December 18) 

Electronics and oil. An ·inside view of the 
communications, telemetry and navigational 
aids used in drilling for North Sea oil 

Silent switcll for stereo-pair comparisons. 
Construction of an f.e.t- electronic switch 
that meets stringent requirements 

1 ib~a I -­~ ... -
l.P.C. Electrical-Electronic Press Ltd 
Managing Director: George Fowkes 

Administration Director: G«>rge H. Mansell 

Publisher: Gordon Henderson 

C l.P.C. BasiDess Press Lt4, 1974 

Brief extracts or comme111s are allowed provided 
acknowledgement to the journal is given 
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You name it. EEV spark gaps can stop it 
from happening. 

Our range covers any voltage from 
400-40,000V and handles powers up to 
15 kilo joules. Types are available in glass or 
ceramic envelopes. 

EEV spark gaps are very rugged and 
will work in any environment, unaffected by 
dust, damp or atmospheric changes. They are 
also compact, consistently dependable and 
long -lasting. 

We make 2-electrode and 3-electrode 
types, and the whole range covers many 
applications including: 
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Flash-over protection. Crowbar protection 
circuits. Protection from transient phenomena. 
Protection circuitry for s/c drives for 
thermionic tubes. 

Capacitor discharge circuits. 
Firing circuits. Relaxation oscillator 
circuits for gas ignition equipment. 
Quench circuits.TIGwelding 
equipment. 

For data and any help you need, 
write or 'phone EEV at the 
address below: 

Right. GXQ400. a crowbar protec6ondevice and 
GXU40, for protecti<?n circuits in ground/air commumcatiOnseqUIJ)!ntmt. 

EEVandM-OVknow how. 
THE M-0 VALVE CO l TD, Hammersmith, london. England W6 7PE. Tel: 01-603 3431 . Telex: 234356. Grams: Thermionic London. E ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex. England CM1 2QU. Tel : 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. G8C e:: 
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In the April 1958 issue we commented that the results of demonstrations of the new 

stereo discs were "practically indistinguishable from the master ... ". Such a test has 

been applied on numerous occasions when demonstrating two-ch~el quadrap~onic 

(which we take to mean surround sound using four loudspeakers) systems. Inventors 

of these systems deserve credit for their technical achievement in being able to mount 

A-B comparisons between four-track master tapes and their two-channel-proceSsed 

versions; some of them are very effective. But is comparison with the master tape the 

best test of a system's capabilities? 
Two things suggest it isn't. One is the relative inability of the master to do a good 

job in the first place. Acute sensitivity to listener position and- as Michael Gerzon 

points out in this issue-the instability of phantom images make one query the use of 

pan-potted masters as the starting point. 
Possibly more important is compatibility. Whatever the quality of quadraphonic 

performance, records must have stereo and mono compatibility. Differences between 

~wo-channel systems, for . instance, really amo~t to differing priorities as to the 

relative quality of mono, stereo and quadraphonic reproduction. And much of the 

current debate on the relative merits of systems could be settled once it has been agreed 

whose interests to give what weight to. No one body in the record industry appears 

to have accepted responsibility for doing this. 
This issue may well be settled by the broadcasters. Weighing the interests of a 

minority against those of a majority is something· broadcast authorities ought to be 

used to. Given that a two-channel quadraphonic system must be perfectly mono com­

patible (not only because the majority of receivers in use are mono, but imperfect mono 

90mpatibility is a much more serious thing than stereo compatibility), one problem 

that poses itself is: how much degradation of the stereo image is going to be acceptable, 

in the interests of a limited quadraphonic audience? 
This question is implicit in the detailed NQRC study*, now in progress. Another 

question being studied, fundamental to choosing a surround-sound system, is the effect 

of the number of transmission channels on quadraphonic performance-"directional 

fidelity" in partictllar. This is clearly of utmost importance in broadeastirig, if only 

because it affects the magnitude of quality loss that must occur in delivering a com-

patible service. · 
What engineers should concern themselves with, it seems to us, is providing the best 

possible method of conveying sound direction, within the constraint of a limited number 

of channels, commensurate with agreed priorities in compatibility. (Given such a 

means, decisions about whether to use the medium for drama, ambience portrayal, 

pan-potted material or special effects such as "overhead" sound, then become the 

province of others.) 
This is basically what Nippon Columbia Co have been doing in developing their 

new UD-4 system, with Peter Fellgett's NRDC-backed UK group thinking along the 

same lines but emphasizing a Inicrophone technique that collects ambience in a 

uniform way. 
It will be interesting to see how the NQRC weigh the various priorities and how 

·relevant their priority mix, an~ hence their conclusion, is to other countries. 

*See page 458, November issue. 
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New directions in sound 

In the April 1958 issue we commented thai the results of demonstrations of the new 
stereo discs were "practically indistinguishable from the master . . Such a test has 
been applied on numerous occasions when demonstrating two-channel quadraphonic 
(which we take to mean surround sound using four loudspeakers) systems. Inventors 
of these systems deserve credit for their technical achievement in being able to mount 
A-B comparisons between four-track master tapes and their two-ehannel-processed 
versions; some of them are very effective. But is comparison with the master tape the 
best test of a system's capabilities? 

Two things suggest it isn't. One is the relative inability of the master to do a good 
job in the first place. Acute sensitivity to listener position and—as Michael Gerzon 
points out in this issue—the instability of phantom images make one query the use of 
pan-potted masters as the starting point. , , . 

Possibly more important is compatibility. Whatever the quality of quadraphonic 
performance, records must have stereo and mono compatibility. Differences between 
two-channel systems, for instance, really amount to differing priorities as to the 
relative quality of mono, stereo and quadraphonic reproduction. And much of the 
current debate on the relative merits of systems could be settled once it has been agreed 
whose interests to give what weight to. No one body in the record industry appears 
to have accepted responsibility for doing this. 

This issue may well be settled by the broadcasters. Weighing the interests of a 
minority against those of a majority is something broadcast authorities ought to be 
used to. Given that a two-channel quadraphonic system must be perfectly mono com- 
patible (not only because the majority of receivers in use are mono, but imperfect mono 
compatibility is a much more serious thing than stereo compatibility), one problem 
that poses itself is: how much degradation of the stereo image is going to be acceptable, 
in the interests of a limited quadraphonic audience? 

This question is implicit in the detailed NQRC study*, now in progress. Another 
question being studied, fundamental to choosing a surround-sound system, is the effect 
of the number of transmission channels on quadraphonic performance—'^directional 
fidelity" in particular. This is clearly of utmost importance in broadcasting, if only 
because it affects the magnitude of quality loss that must occur in delivering a com- 
patible service. , . I 

What engineers should concern themselves with, it seems to us, is providing the best 
possible method of conveying sound direction, within the constraint of a limited number 
of channels, commensurate with agreed priorities in compatibility. (Given such a 
means, decisions about whether to use the medium for drama, ambience portrayal, 
pan-potted material or special effects such as "overhead" sound, then become the 
province of others.) . 

This is basically what Nippon Columbia Co have been doing in developing their 
new UD-4 system, with Peter Fellgett's NRDC-backed UK group thinking along the 
same lines but emphasizing a microphone technique that collects ambience in a 
uniform way. _ . ... 

It will be interesting to see how the NQRC weigh the various priorities and how 
relevant their priority mix, and hence their conclusion, is to other countries. 

*Sec page 458, Novetnber issue. 
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Charge-coupled de"ices 
1-lntroduction, early device structure and operation 

by Ted Wi ll iams 

Royal Radar Establishm ent 

Charge-coupled devices, which consist of chains of charge-storage elements along which charge packets are transferred, are already turning out to be the most significant advance in electronics since development of m.o.s. circuits. Usually associated with imaging in solid-state cameras, their unique performance characteristics, small size and high yield will produce far-reaching effects on signal processing techniques and in digital memories. After the four or five years since inception, advanced signal processors and memories are about to leave the drawing board. What gives the c.c.d. this position is discussed in a series of articles written by two leading authorities in the UK. This article ·describes operation of simple devices; a second article will outline fabrication processes and modi­fications to improve performance. Later articles will discuss applications. 

The charge-coupled device has aroused 
considerable interest ever since it was first 
conceived and tested in 1970. 1 Since then 
the interest has never slackened: T his is 
borne out by the rapid commercial develop­
ment of the c.c.d. 

J 973- first device offered for sale by 
Fairchild 
1973- successfully built into simulated 
radar systems 
1974-c.c.d. TV camera became avail­
able; and 
J 974- first complete signal processing 
system expected on the market. 
Complete systems rather than individual 

devices will be offered for sale because of 

their much higher profit potential. Nowa­
days, many products, of which the pocket 
calculator is one example, are being built 
as complete systems by one manufacturer. 
Selling devices no longer makes big profits 
unless you have cheap labour; and in 
Europe and America labour is not cheap. 
The profit expected from the c.c.d. systems 
business is enormous. One American 
estimate2 predicts that the annual systems 
business will be worth over £ 100 million. 

This optimism explains why the Ameri­
cans have put so much effort into c.c.ds. 
In 1973, for example, the manpower effort 
at companies like Texas Instruments and 
Fairchild was built up to an extremely large 

team of scientists and engineers. With so 
many people working on c.c.ds the chances 
of success are very high. There is little doubt 
that in the seventies the way to succeed with 
a promising new device is to put big teams 
to work on it. 

There are three reasons why there has 
been so much interest in c.c.ds: 
• Cheap technology makes them very 

competitive. 
e Flexibility: analogue, digital, and optical 

signals can be handled. 
e Applications are extensive (see chart). 
Fig. 1 compares the c.c.d. shift register 
element to the previous generations of 
m.o.s. and bipolar devices. "From this it 
is clear that the c.c.d . element is much 
simpler and consequently much cheaper 
because no diffusions are required. This 
absence of diffusions also makes inte­
grated circuit design much easier and, in 
particular, very cheap high area density 
arrays can be produced. 

A second article will show bow this 
basic technology does have some dis~ 
advantages, and how some process 
innovations have been adopted which 
overcome these problems. But to under­
stand the basic operation this article is 
restricted to the first technology that was 
developed for the c.c.d. In spite of its 
limitations, this is still used for some of 
the simpler applications. 

These basic applications, together with 
some of the more sophisticated systems 
applications, especially imaging, signal 
processing and memories, will form the 
subject of further articles. 

Device structure 
Anyone who is familiar with the metal­
oxide-silicon transistor will have no 
difficulty in understanding the device 
structure and operation of a c.c.d., because 
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Fig. 1. Comparison ofthec.c.d. shift register 
element with m.o.s. and bipolar elements. 

Fig. 2. Cross-section of a complete two-bit 
p-channel c. c. d. 

it can be thought of as a multi-gate m.o.s. 
transistor. 

Fig. 2 shows the structure of a basic 
two-bit, p-channel, c.c.d. shift register. 
The silicon semiconductor substrate is 
doped n-type (with electrons as the 
majority carriers and holes as the minority 
carriers), whereas the source and drain 
diffusions are p-type (with holes as the 
majority carriers and electrons as the 
minority carriers). The oxide, or more 
correctly the silicon dioxide, which is 
grown on top of the silicon substrate is 
about 150nm thick; and the aluminium, 
which makes up the contacts to the source, 
drain, the input gate, output gate, and the 
transfer electrodes, is 200nm thick. 

A negative-voltage reverse bias is 
applied via a load resistor to the drain 
diffusion. This bias makes the drain a sink 
for holes and a barrier to electrons. Holes 
are injected from the earthed source dif­
fusion to the surface under the first 
transfer electrode tP 1 by switching on the 
negative input gate voltage at the same 
time as the first clock transfer electrode 
negative voltage pulse. The time sequence 
of the input gate pulse and the clock 
pulses is shown in Fig. 3. This shows that 
as soon as the second phase voltage is 
switched on, ¢1 is reduced to zero in a time 
defined as the overlap time t. 

During t, the charge under ¢ 1 will be 
transferred to the surface under ¢2• 

Similarly when ¢2 begins to turn off, ¢3 

is turned on and the charge is transferred 
under ¢3 • Then ¢1 is switched on again 
and the charge moves under ¢1 for the 
second time. At this point in time the 
charge has now shifted through one bit 
or three phases of the device. Referring 
back to Fig. 2, at the end of the second 
complete shift, or bit, the charge is 
transferred into the drain- the output of 
the device. The final charge transfer is 
accomplished either by switching on the 
output gate in phase with t;1 or by leaving 
a permanent negative d.c. bias on the 
output gate. 

Fig. 4 shows a top-view photograph 
of a complete eight-bit p-channel c.c.d. 
made at the Royal Radar Establishment. 
Comparing this with Fig. 2 makes it easy 
to identify the source and drain diffusions. 
the input and output gate, and the transfe~ 
gates. The three-phase clock lines are 
linked together to minimize the number 
of contact pads and to facilitate the pro­
duction of a complete depletion region 
right across the device as shown in Fig. 
2. (Production of a depletion region is 
discussed later.) The oblong-shaped, 
heavily doped n-type channel stop dif­
fusion prevents holes diffusing out from 
the transfer electrodes to the contact pads. 
Total device area or chip size was lmm2, 

and the transfer electrode size was l211m 

473 

transfer 
elect rodes 

output 
g ate 

long (in the transfer directions) by 300J.Jm 
'vide with a gap between the electrodes 
of2.51Jm. 

Digital operation 
Digital operation of a p-channel device 
is illustrated in Fig. 5. This shows the 
input signal applied as a square pulse to 
the input gate with the source earthed. 
The pulse generator which provides the 

N 

input pulse is triggered by the clock 
generator through a divider board to give 
a "one" pulse in phase with ¢1 followed 
by a series of n zeros. The output is 
studied by connecting an oscilloscope to 
the drain. The accompanying table shows 
typical operating voltages for a p-channel 
device. 

Fig. 6(a) shows the digital output from 
a 64-bit device. The value of n used for 

473 
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Fig. 1. Comparison of thee.c.d. shift register 
element with m.o.s. and bipolar elements. 

Fig. 2. Cross-section of a complete two-bit 
p-channel c.c.d. 

it can be thought of as a multi-gate m.o.s. 
transistor. 

Fig. 2 shows the structure of a basic 
two-bit, p-channel, c.c.d. shift register. 
The silicon semiconductor substrate is 
doped n-type (with electrons as the 
majority carriers and holes as the minority 
carriers), whereas the source and drain 
diffusions are p-type (with holes as the 
majority carriers and electrons as the 
minority carriers). The oxide, or more 
correctly the silicon dioxide, which is 
grown on top of the silicon substrate is 
about 150nm thick; and the aluminium, 
which makes up the contacts to the source, 
drain, the input gate, output gate, and the 
transfer electrodes, is 200nm thick. 

A negative-voltage reverse bias is 
applied via a load resistor to the drain 
diffusion. This bias makes the drain a sink 
for holes and a barrier to electrons. Holes 
are injected from the earthed source dif- 
fusion to the surface under the first 
transfer electrode by switching on the 
negative input gate voltage at the same 
time as the first clock transfer electrode 
negative voltage pulse. The time sequence 
of the input gale pulse and the clock 
pulses is shown in Fig. 3. This shows that 
as soon as the second phase voltage is 
switched on, 0, is reduced to zero in a time 
defined as the overlap time t. . 

During t, the charge under d/ will be 
transferred to the surface under d2. 
Similarly when 0, begins to turn off, <fi3 
is turned on and the charge is transferred 
under (j>3. Then 0, is switched on again 
and the charge moves under 0, for the 
second time. At this point in time the 
charge has now shifted through one bit 
or three phases of the device. Referring 
back to Fig. 2, at the end of the second 
complete shift, or bit, the charge is 
transferred into the drain—the output of 
the device. The final charge transfer is 
accomplished either by switching on the 
output gate in phase with 03 or by leaving 
a permanent negative d.c. bias on the 
output gate. 

Fig. 4 shows a top-view photograph 
of a complete eight-bit p-channel c.c.d. 
made at the Royal Radar Establishment. 
Comparing this with Fig. 2 makes it easy 
to identify the source and drain diffusions, 
the input and output gate, and the transfer 
gates. The three-phase clock lines are 
linked together to minimize the number 
of contact pads and to facilitate the pro- 
duction of a complete depletion region 
right across the device as shown in Fig. 
2. (Production of a depletion region is 
discussed later.) The oblong-shaped, 
heavily doped n-type channel stop dif- 
fusion prevents holes diffusing out from 
the transfer electrodes to the contact pads. 
Total device area of chip size was 1mm2, 
and the transfer electrode size was 12pm 

long (in the transfer directions) by 300pm 
wide with a gap between the electrodes 
of 2.5pm. 

Digital operation 
Digital operation of a p-channel device 
is illustrated in Fig. 5. This shows the 
input signal applied as a square pulse to 
the input gate with the source earthed. 
The pulse generator which provides the 

N 

input pulse is triggered by the clock 
generator through a divider board to give 
a "one" pulse in phase with 0; followed 
by a series of n zeros. The output is 
studied by connecting an oscilloscope to 
the drain. The accompanying table shows 
typical operating voltages for a p-channel 
device. 

Fig. 6<a) shows the digital output from 
a 64-bit device. The value of n used for 
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0 TABLE Digital operating conditions for the input gate pulse was 128 and equal to 
twice the number of bits in the device. 
The clock phase voltage pulse is also 
shown. The output pulse is shown delayed by 
64 time intervals-bits ("range bins" in 
radar terminology)- from the input gate, 
square wave digital pulse. 
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Analogue operation 
Fig. 6(b) top shows a sinusoidal analogue 
signal input that was applied to the same 
64-bit p-channel device whose digital 
operation was shown in Fig. 6(a). In this 
case the analogue signal is applied via 
a capacitor to a negatively biased source 
diffusion as illustrated in Fig. 7. As with 
digital operation shown in Fig. 5, the 
channel stop diffusion is earthed. But in 
the analogue case the input gate has a d.c. 
bias of about - 5V. The output is observed 
on an oscilloscope connected via a capaci­
tor to the drain . The bottom part of Fig. 
6(b) shows the delayed time quantized 
output of the analogue signal. 

More details will be given about the 
operation and the use of the c.c.d. as an 
analogue delay line in a later article when 
radar applications are discussed. 

Digital testing 
Testing new devices for c.c.d. action is 
normally carried out digitally. The same 
circuit that was used in Fig. 5 to show 
digital operation can also be used for 
digital testing. Using this test set-up the 
digital characteristic of the device can be 
rapidly obtained by plotting the output 
from the drain, V 0ur , as a function of 
the input gate voltage, V10 , for a series of 
constant values of the d.c. voltage applied 
to the output gate, V00 • Fig 8 shows ·the 
transfer characteristic for the eight-bit 
device pictured in Fig. 3. As the input 
gate voltage is gradually increased a 
critical voltage is reached at which the 
devices switch on and this critical voltage 
is called Vr , the threshold voltage ofthe 
device. For the device shown in Fig. 8 

-1oV V r was - 3.8V; V 00 must also be set 
above this voltage, V r, or the device will 
not operate. As V10 is increased above 
Vr the output increases until Vs, the 

-10V saturation voltage, is reached. Above Vs 
no further increase in output occurs; Vs 
does not vary for output gate voltages 
above Vr . The output from the drain does 
vary with the output gate voltage and for 

I 
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Fig. 3. Input gate and the clock pulse time 
sequence: t is the overlap between clock 
phases. 
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Fig. 4. Eight-bit p-channel c.c.d. made 
atRRE. 

Fig. 5. Digital test set-upfor a p-channe/ 
c.c.d. 

Fig. 6. Digital input and delayed output 
from a 64-bit c. c. d. compared to clock 
waveform, (a). Analogue input and output 
for the same device, (b). Note that 
analogue output is quantized in time. 
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'XG TABLE Digital operating conditions for 
an eight-bit p-channel c.c.d* 

Clock frequency 20kHz to 5MH2 
Source earthed 
Input gate, V;s -4.4V 
Output gate. V0B -6V 

Clock voltages 
-30V 

Drain bias -10V 
Drain load i.2kn 
♦Silicon substrate, n-type, 50 ohm cm, and 
<100> orientation 
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the input gate pulse was 128 and equal to 
twice the number of bits in the device. 
The clock phase voltage pulse is also 
shown. The output pulse is shown delayed by 
64 time intervals—bits ("range bins" in 
radar terminology)—from the input gate, 
square wave digital pulse. 

Analogue operation 
Fig. 6(b) top shows a sinusoidal analogue 
signal input that was applied to the same 
64-bit p-channel device whose digital 
operation was shown in Fig. 6(a). In this 
case the analogue signal is applied via 
a capacitor to a negatively biased source 
diffusion as illustrated in Fig. 7. As with 
digital operation shown in Fig. 5, the 
channel stop diffusion is earthed. But in 
the analogue case the input gate has a d.c. 
bias of about — 5 V. The output is observed 
on an oscilloscope connected via a capaci- 
tor to the drain. The bottom part of Fig. 
6(b) shows the delayed time quantized 
ontput of the analogue signal. 

More details wiE be given abont the 
operation and the nse of the c.c.d. as an 
analogue delay line in a later article when 
radar applications are discussed. 

Digital testing 
Testing new devices for c.c.d. action is 
normally carried out digitaEy. The same 
circuit that was used in Fig. 5 to show 
digital operation can also be used for 
digital testing. Using this test set-up the 
digital characteristic of the device can be 
rapidly obtained by plotting the output 
from the drain, Vour, as a function of , 
the input gate voltage, V,a, for a series of 
constant values of the d.c. voltage applied 
to the output gate, V00. Fig 8 shows the 
transfer characteristic for the eight-bit 
device pictured in Fig. 3, As the inpnt 
gate voltage is gradually increased a 
critical voltage is reached at which the 
devices switch on and this critical voltage 
is caEed VT, the threshold voltage of the 
device. For the device shown in Fig. 8 
Fr was —3.8V; Vqc must also be set 
above this voltage, VT, or the device will 
not operate. As Vla is increased above 
VT the output increases until Vs, the 
saturation voltage, is reached. Above Vs 
no further increase in output occurs; Vs 
does not vary for output gate voltages 
above VT. The output from the drain does 
vary with the output gate voltage and for 

Fig. 3. Input gate and the clock pulse lime 
sequence; t is the overlap between clock 
phases. 

Fig. 4. Eight-bit p-channel c.c.d. made 
at RRE. 

Fig. 5. Digital test set-up for a pchamel 
c.c.d. 

Fig. 6. Digital input and delayed output 
from a 64-bit c.c.d. compared to clock 
waveform, (a). Analogue input and output 
for the same device, (b). Nate that 
analogue output is quantized in time. 
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the device shown it reaches a maximum 
for output gate voltages in the range 
-6 to - 8V. 

Understanding the threshold voltage 
To understand the threshold voltage 
consider what happens when a voltage 
is applied to the metal gate electrode of 
an m.o.s. structure, Fig. 9(a) shows a plot 
of the charge density p(x) against distance 
x through a cross-section of an m.o.s. 
structure without any voltage applied to 
the gate, that is VG =0. The semi­
conductor is n-type and the interface be­
tween the semiconductor and the oxide 
occurs at x= 0 on the diagram. The charge 
trapped at the surface states, Qss , is 
shown schematically as a block of positive 
charge of density, p(x), lying on the oxide 
side of the semiconductor-oxide interface. 
This is because ·the majority of these 
surface states come from positive ions in 
the oxide and the maximum number of 
these ions are found just inside the oxide. 
Just as in a capacitor, when you apply a 
positive voltage or charge to one plate of 
the capacitor, an equal and opposite 
charge is induced on the other plate, so 
when a positive charge is present on one 
side of the semiconductor-oxide interface 
an equal and opposite negative charge 
must balance it on the other side of the 
interface. In the last case, as shown in 
Fig. 7(a), Qss is balanced by QA , a con­
tribution of negative charge (electrons) 
from the n-type semiconductor in which 
the electrons are the majority carrier. 
The ~ charge is referred to as the 
accumulation layer because it builds up or 
accumulates as the surface state charge 
increases in the oxide during and just 
after the growth of the oxide on the semi­
conductor. Under accumulation conditions: 

Qss +QA =O,(forVc =0). 
Now, to move on to what happens when 

a negative voltage is applied to the gate. As 
this negative voltage increases, the electrons 
in the accumulation layer are repelled and 
gradually the accumulation layer is lost. 
Further increase in negative gate voltage 
after the disappearance of the accumulation 
layer results in further negative charge 
being repelled from the semiconductor­
oxide interface. This produces a depletion 
region, as shown in Fig. 9(b). Charge Qv 
due to the depletion region is shown as 
positive because it has resulted from the 
removal of electron majority carriers. The 
depletion region is depleted of all charge 
-both electrons and holes. (The depletion 
region in an operating c.c.d. normally 
extends all the way from the source to the 
drain, see Fig. 2.) 

Further increase in the negative gate 
voltage results in attraction of positive 
holes to the interface. The surface of the 
silicon has now changed from being 
dominated by electrons as in Fig. 9(a) to one 
dominated by holes and is therefore said 
to have inverted from an o-type surface 
to a p-type one. Holes can now pass along 
this p surface channel. Hence an m.o.s. 
device, or in particular a c.c.d., that is 
produced on an n-type semiconductor is 
called a p-channel device. The size of the 
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Fig. 7. Analogue operation for a p-channel 
c. c. d. 

Fig. 8. Transfer characte1·istic of a c.c.d. 
Output voltage from drain is plotted 
against input gate pulse amplitude for a 
series of output gate voltages. 
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gate voltage determines the hole density 
in the channel region and so this means 
that the gate voltage controls or gates 
the channel current 

The threshold voltage,' Vr, is the voltage 
required to produce inversion or current 
flow in the channel. It is usually defined 
as the voltage required to produce a 
current flow of l~A, because it is well 
above the leakage current (or noise) levels 
which are usually of the order of nano­
amperes. Vr for a p-channel c.c.d. nor­
mally lies in the region of 1.8 to 4.0V. 
For n-channel devices, however, the 
threshold is usually below a volt and a 
second article will show how the proper­
ties of n- and p-channel c.c.ds compare. 

Surface states 
Surface states act as traps for electrons 
and holes travelling along the surface of 
the semiconductor and they have a large 
effect on the operation of a surface 
channel c.c.d., such as the one described 
previously. 

Surface states arise in many different 
ways. Some of the major causes of surface 
states are: 

- impurity ions in the oxide 
-defects at the semiconductor surface 

due to impurities, or defects in the 
crystal structure of the semi­
conductor, or a combination of both 

-absorbed impurities on the surface 
of the semiconductor. 
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Fig. 9. Schematic diagram of the charge 
distribution in an m.o.s. structure for three 
cases: (a) zero volts on the gate, 
(b) depletion, and (c) inversion. 
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the device shown it reaches a maximum 
for output gate voltages in the range 
— 6 to — 8V. 

Understanding the threshold voltage 
To understand the threshold voltage 
consider what happens when a voltage 
is applied to the metal gate electrode of 
an m.o.s. structure, Fig. 9(a) shows a plot 
of the charge density p{x) against distance 
x through a cross-section of an m.o.s. 
structure without any voltage applied to 
the gate, that is VG = 0. The semi- 
conductor is n-type and the interface be- 
tween the semiconductor and the oxide 
occurs at x=0 on the diagram. The charge 
trapped at the surface states, Qss > is 
shown schematically as a block of positive 
charge of density, pix), lying on the oxide 
side of the semiconductor-oxide interface. 
This is because the majority of these 
surface states come from positive ions in 
the oxide and the maximum number of 
these ions are found just inside the oxide. 
Just as in a capacitor, when you apply a 
positive voltage or charge to one plate of 
the capacitor, an equal and opposite 
charge is induced on the other plate, so 
when a positive charge is present on one 
side of the semiconductor-oxide interface 
an equal and opposite negative charge 
must balance it on the other side of the 
interface. In the last case, as shown in 
Fig. 7(a), QSs is balanced by QA, a con- 
tribution of negative charge (electrons) 
from the n-type semiconductor in which 
the electrons are the majority carrier. 
The Qa charge is referred to as the 
accumulation layer because it builds up or 
accumulates as the surface state charge 
increases in the oxide during and just 
after the growth of the oxide on the semi- 
conductor. Under accumulation conditions: 

Qss + Qa =0,(for Vc =0). 
Now, to move on to what happens when 

a negative voltage is applied to the gate. As 
this negative voltage increases, the electrons 
in the accumulation layer are repelled and 
gradually the accumulation layer is lost 
Further increase in negative gate voltage 
after the disappearance of the accumulation 
layer results in farther negative charge 
being repelled from the semiconductor- 
oxide interface. This produces a depletion 
region, as shown in Fig. 9(b). Charge Q0 
due to the depletion region is shown as 
positive because it has resulted from the 
removal of electron majority carriers. The 
depletion region is depleted of all charge 
—both electrons and holes. (The depletion 
region in an operating c.c.d. normally 
extends all the way from the source to the 
drain, see Fig. 2.) 

Further increase in the negative gate 
voltage results in attraction of positive 
holes to the interface. The surface of the 
silicon has now changed from being 
dominated by electrons as in Fig. 9(a) to one 
dominated by holes and is therefore said 
to have inverted from an n-type surface 
to a p-type one. Holes can now pass along 
this p surface channel. Hence an m.o.s. 
device, or in particular a c.c.d., that is 
produced on an n-type semiconductor is 
called a p-channel device. The size of the 
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Fig. 8. Transfer characteristic of a c.c.d. 
Output voltage from drain is plotted 
against input gate pulse amplitude for a 
series of output gate voltages. 
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gate voltage determines the hole density 
in the channel region and so this means 
that the gate voltage controls or gates 
the channel current. 

The threshold voltage,' VT, is the voltage 
required to produce inversion or current 
flow in the channel. It is usually defined 
as the voltage required to produce a 
current flow of IpA, because it is well 
above the leakage current (or noise) levels 
which are usually of the order of nano- 
amperes. VT for a p-channel c.c.d. nor- 
mally lies in the region of 1.8 to 4.0V. 
For n-channei devices, however, the 
threshold is usually below a volt and a 
second article will show how the proper- 
ties of n- and p-channel c.c.ds compare. 

Surface states 
Surface states act as traps for electrons 
and holes travelling along the surface of 
the semiconductor and they have a large 
effect on the operation of a surface 
channel c.c.d., such as the one described 
previously. 

Surface states arise in many different 
ways. Some of the major causes of surface 
states are: 

—impurity ions in the oxide 
—defects at the semiconductor surface 

due to impurities, or defects in the 
crystal structure of the semi- 
conductor, or a combination of both 

—absorbed impurities on the surface 
of the semiconductor. 
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The surface states which arise from posi­
tively charged impurity ions such as 
sodium in the oxide are known to be the 
major cause of surface states in _the case 
of c.c.d. Some of these · ions are trapped 
at the surface when the oxide is grown on 
the semiconductor during c.c.d. manu­
facture. Others remain in the oxide very 
close to the interface, and then the 
charges trapped on these states drift to 
the surface when the device is switched 
on. The negative voltage that is applied 
to the gate drives the positive charge to 
the interface, and the time taken by the 
charge to move to the interface is usually 
seconds or minutes so these surface states 
are referred to as slow states. Slow surface 
states can often be observed in poor­
quality devices. A certain warm-up time 
of a few minutes is required before the 
device reaches a maximum due to the 
electron trapping of these slow states. 
Once -the trapping slows down to its 
equilibrium level the device reaches a 
maximum. 

Fast surface states are those which can 
trap charge in a few milliseconds or less. 
These fast states arise from all the three 
sources d_iscussed above and they control 

, to a large extent the high frequency limit 
of operation of the device. 

Charge transfer efficiency 
The transfer efficiency gives a measure of 
the efficiency of charge transfer in c.c.d. 
It is the most critical parameter and much 
more important than the threshold voltage. 

The charge transfer efficiency is defined 
as the fraction of the charge transferred 
when a charge packet moves from under 
one clock transfer gate electrode to the 
next. Charge loss can be considered as 
having two contributions: 

-the fractional charge lost during the 
transfer across the gap between the 
electrodes1 qr (or a) 
the fractiona1 charge left behind under 
the electrode, the so-called residual 
charge, q 11 (or e). 

The charge transfer efficiency, 'lr· can 
therefore be written as 

'1 r= (q jq n-1)100 = (1-q r-Q ~, 100%, 
where q. is the charge under the nth 
electrode and q._1 is the charge under 
the n -1 electrode. The fractional charge 
lost during transfer, Qr, depends on 

-surface state 'density 
-width of the gap between the transfer 

electrodes · 
-strength of the input signal; that is, 

tbe amount of charge injected into 
the device from the source 

-speed of transfer or the frequency of 
operation of the device. 

The residual charge, q11 , is a function of 
the above and also on the length of the 
transfer electrode. 

For optimum transfer efficiency ql! and 
qr must be minimized. Only when the 
transfer efficiency is high enough will the 
c.c.d. meet the stringent requirements of 
most of the systems applications for imag­
ing and radar. 

To minimize both q 11 and Qr the surface 
state density must be kept as small as 
possible by using careful selection of the 
silicon material that is used for the devices 
and the silicon processing thaL is carried 
out. A second article will outline some of 
these processing techniques and also dis­
cuss the buried-channel <;.c.d. in which the 
charge transfer is carried out under the 
surface of the ~ilicon so that surface states 
are avoided altogether. 

For the surface-channel device, the gap 
width must be kept to 3~m or below to 
give a reasonable transfer efficiency and 
must be maintained across the device. 
In addition. if the gap can be made less 
than 1 ~m and the electrode size can be 
kept to lO~m or below, operation in the 
frequency range 1 to 10MHz becomes 
very efficient. New surface-channel tech­
nologies have been developed to produce 
very-small-gap and gapless devices and 
will be discussed in a later article. 

The input signal strength is very im­
portant when considering operating efficien­
cies. If it is too small, the transfer 
efficiency is very low because surface state 
trapping dominates. For this reason most 
c.c.ds are operated in the fat zero mode. 
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In this mode a constant trickle of charge 
or level of channel current is maintained 
either by not allowing the input gate 
voltage to go below V r. or by exposure 
of the whole of the device to a constant 
light level so that a small number of 
carriers are optically generated in the 
channel. Of these two, the first is most 
commonly used where the signal is super­
posed on the small channel current 
provided by the offset d.c. bias on the 
input gate. 

Signal strength must also not be too 
large and should be kept well away from 
output level saturation. This is because 
near saturation, thermally generated 
carriers and any fluctuations in device 
geometry, can result in the overflow of 
carriers from a potential well under one 
transfer electrode to an adjoining well. 
As a result the signal is smeared out and, 
in the case of analogue operation in 
particular, vital information can be lost. 

Dependence of transfer efficiency on 
signal strength is clearly illustrated in. Fig. 
1 0 where the full line shows the transfer 
efficiency plotted against the voltage on 
the input gate. (The dashed line shows the 
output voltage seen on the oscilloscope 
using the circuit shown in Fig. 5, also 
plotted against the input gate voltage.) 
The centre of the fiat plateau of constant 
transfer efficiency coincides with half the 
maximum output signal and this represents 
the optimum working condition. 

Transfer efficiency values shown in 
Fig. 10 were measured with a scanning 
light-spot technique3• This method is only 
one of several different measurement 
techniques3•

4 that have been used for 
measuring transfer efficiency. The trailing 
pulse technique is the simplest of these. 
In this case the ratio of output pulse to 
the next ¢1 trailing pulse is used to 
calculate the transfer efficiency. This tech­
nique has the advantage that it needs no 
extra equipment and can be easily calcu­
lated at the same time as a new device is 
being tested .. 

In the same way, none of the sophisti­
cated technologies that have been developed 
for the c.c.d. is perfect for a wide range 
of conditions. But the currently available 
technologies to be described in another 
artiCle do improve the potential of the 
c.c.d. and make it look a very attractive 
proposition for many applications. 

Acknowledgement This article is published 
with the permission of the director of 
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article published by the Institute of 
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The surface states which arise from posi- 
tively charged impurity ions such as 
sodium in the oxide are known to be the 
major cause of surface states in the case 
of c.c.d. Some of these ions are trapped 
at the surface when the oxide is grown on 
the semiconductor during c.c.d. manu- 
facture. Others remain in the oxide very 
close to the interface, and then the 
charges trapped on these states drift to 
the surface when the device is switched 
on. The negative voltage that is applied 
to the gate drives the positive charge to 
the interface, and the time taken by the 
charge to move to the interface is usually 
seconds or minutes so these surface states 
are referred to as slow states. Slow surface 
states can often be observed in poor- 
quality devices. A certain warm-up time 
of a few minutes is required before the 
device reaches a maximum due to the 
electron trapping of these slow states. 
Once the trapping slows down to its 
equilibrium level the device reaches a 
maximum. 

Fast surface states are those which can 
trap charge in a few milliseconds or less. 
These fast states arise from all the three 
sources discussed above and they control 

v to a large extent the high frequency limit 
of operation of the device. 

Charge transfer efficiency 
The transfer efficiency gives a measure of 
the efficiency of charge transfer in c.c.d. 
It is the most critical parameter and much 
more important than the threshold voltage. 

The charge transfer efficiency is defined 
as the fraction of the charge transferred 
when a charge packet moves from under 
one clock transfer gate electrode to the 
next. Charge loss can be considered as 
having two contributions: 

—the fractional charge lost during the 
transfer across the gap between the 
electrodes, gT(or a) 
the fractional charge left behind under 
the electrode, the so-called residual 
charge, (or <r). 

The charge transfer efficiency, r]r, can 
therefore be written as 

1 T- (9Ar/)100 = (l-qj_9(,), 100%i 
where qn is the charge under the nth 
electrode and is the charge under 
the n—I electrode. The fractional charge 
lost during transfer, qr, depends on 

—surface state "density 
—width of the gap between the transfer 

electrodes 
—strength of the input signal; that is, 

the amount of charge injected into 
the device from the source 

—speed of transfer or the frequency of 
operation of the device. 

The residual charge, , is a function of 
the above and also on the length of the 
transfer electrode. 

For optimum transfer efficiency qR and 
qr must be minimized. Only when the 
transfer efficiency is high enough will the 
c.c.d. meet the stringent requirements of 
most of the systems applications for imag- 
ing and radar. 

To minimize both qR and qr the surface 
state density must be kept as small as 
possible by using careful selection of the 
silicon material that is used for the devices 
and the silicon processing that, is carried 
out. A second article will outline some of 
these processing techniques and also dis- 
cuss the buried-channel c.c.d. in which the 
charge transfer is carried out under the 
surface of the silicon so that surface states 
are avoided altogether. 

For the surface-channel device, the gap 
width must be kept to 3 pm or below to 
give a reasonable transfer efficiency and 
must be maintained across the device. 
In addition, if the gap can be made less 
than Ipra and the electrode size can be 
kept to 10pm or below, operation in the 
frequency range 1 to 10MHz becomes 
very efficient. New surface-channel tech- 
nologies have been developed to produce 
very-small-gap and gapiess devices and 
will be discussed in a later article. 

The input signal strength is very im- 
portant when considering operating efficien- 
cies. If it is too small, the transfer 
efficiency is very low because surface state 
trapping dominates. For this reason most 
c.c.ds are operated in the fat zero mode. 

Wireless World, December 1974 

In this mode a constant trickle of charge 
or level of channel current is maintained 
either by not allowing the input gate 
voltage to go below VT, or by exposure 
of the whole of the device to a constant 
light level so that a small number of 
carriers are optically generated in the 
channel. Of these two, the first is most 
commonly used where the signal is super- 
posed on the small channel current 
provided by the offset d.c. bias on the 
input gate. 

Signal strength must also not be too 
large and should be kept well away from 
output level saturation. This is because 
near saturation, thermally generated 
carriers and any fluctuations in device 
geometry, can result in the overflow of 
carriers from a potential well under one 
transfer electrode to an adjoining well. 
As a result the signal is smeared out and, 
in the case of analogue operation in 
particular, vital information can be lost. 

Dependence of transfer efficiency on 
signal strength is clearly illustrated in Fig. 
10 where the full line shows the transfer 
efficiency plotted against the voltage on 
the input gate. (The dashed line shows the 
output voltage seen on the oscilloscope 
using the circuit shown in Fig. 5, also 
plotted against the input gate voltage.) 
The centre of the flat plateau of constant 
transfer efficiency coincides with half the 
maximum output signal and this represents 
the optimum working condition. 

Transfer efficiency values shown in 
Fig. 10 were measured with a scanning 
light-spot technique3. This method is only 
one of several different measurement 
techniques3-4 that have been used for 
measuring transfer efficiency. The trailing 
pulse technique is the simplest of these. 
In this case the ratio of output pulse to 
the next 0, trailing pulse is used to 
calculate the transfer efficiency. This tech- 
nique has the advantage that it needs no 
extra equipment and can be easily calcu- 
lated at the same time as a new device is 
being tested. 

In the same way, none of the sophisti- 
cated technologies that have been developed 
for the c.c.d. is perfect for a wide range 
of conditions. But the currently available 
technologies to be described in another 
article do improve the potential of the 
c.c.d. and make it look a very attractive 
proposition for many applications. 
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Rhombic u.h.f. TV aerial 
Design for loft installation uses coaxial,...to-wire impedance conversion 

device 

by A. B. Starks-Field, B.Sc .. M.I.E.E. 

The account which follows was triggered 
by a chain of circumstances that originated 

in the motor industry. Because of the in­
creasing level of ignition interference from 
many of the modern cars (manufacturers, 

please note!) the time came when I had to 
do something about the picture on my 17-
year-old home-constructed 45MHz tele­
vision receiver. 

A preliminary examination showed that 
the flywheel synchronizer locking was no 
longer able to cope. Because of the set's age 

I decided to pension it Qff in favour of a 
600MHz receiver, and this in turn raised 
the question of whether to build or to buy. 
Being preoccupied with other matters, I 
decided to buy and put up with the inferior 
sound reproduction. 

The choice of aerial was the next query 
to raise its ugly head, and I say "ugly" 
advisedly, because a roof-top Y agiis not a 

thing of beauty; neither is it cheap, particu­
larly if one has to pay someone to erect it. 
The alternative was a loft antenna of some 

kind; this was attractive, for although I have 
reached the years of discretion when roof­

clambering has lost its savour, I am still 
agile enough to reach the loft where I have a 

power point and can work in comparative 
comfort. The indoor aerial bas the further 
advantages of being protected from wind 

and weather and there are no swaying feed­
ers ultimately to brea!C. 

The next question was, which type to 
use? My local (booster) BBC station radi­

ates a horizontally polarized signal and 
(according to a field-strength contour map) 
provides better than 1Om V per metre in my 

area. There are, however, notorious 
"holes" in the district and, taking this and 

the opacity of the roof into consideration, I 
judged that I should need an aerial of some 
significant gain and directivity; but what? 

In my amateur days (G6YG) in the late 

1930s my particular pipedream was to have 

a shack at the hub of a set of rhombics all 
pointing in the most useful directions. This 

remained only a dream because of the rela­
tively small garden space available, but the 
desire to use a rhombic has always re­
mained. Well, why not do so? The loft is 
large enough to accommodate one about 
11 wavelengths long and pointing towards 
the local BBC and IBA stations. 

According to Terman1, if a rhombic has 

legs of six wavelengths each it has a gain of 

65 times (approximately 18dB) and a hori­

zontal beamwidth null-to-null of about 
22°, and about twice this in the vertical 

direction. Yes, this should be satisfactory 
for my requirement and because of its lack 
of resonant components it performs reason­

ably well to less than half its optimum fre­
quency, so there is no bandwidth limitation. 

However, we are not there yet. We 
always thought of rhombics as terminated 
with a 6000 resistor and using a parallel 
wire feeder of 6000 characteristic imped­

ance (c.i.). The television receiver would be 
required to work with a 700 c.i. cable and in 

any case a 6000 c.i. feeder would be a diffi­
cult one to accommodate up the walls and 
into the loft. A further point is that at this 
impedance, using 18swg wire, the required 

spacing is of the order of four inches which 
is a significant part of a wavelength and so 

the feeder is likely to receive or radiate. No, 
some form of coaxial-to-wire impedance 
conversion was required. 

The first thing which came to mind, 

rather reluctantly because of its resonant 
quality, was a quarter-wave matching sec­

tion. Calculation indicates that if one wishes 
to match 700 to 6000 the c.i. of the match­
ing section has to be about 2000. Looking 
up the spacing indicated in theW. W. Radio 

Charts for this impedance one finds that it 
is very small, as shown roughly to scale in 
Fig.l. 

Now at 6000 c.i. the spacing of 18swg 
wires (as has already been said) is of the 
order of four inches and the quarter-wave 

matching section requires to be about 6tin 
long, with the result shown in Fig. 2. The 

wires connecting the matching section to the 

Fig. 1. Wire spacingfor 2000 
characteristic impedance. 

6in. approx. 

Fig. 2. Matching a 700 coaxial cable to a 
6000 wire feeder; the spread is significant 

compared with the wavelength. 

6000 line-which may, in fact, be the start 

of the rhombic aerial- are a significant 
length in terms of a wavelength, so that this 

scheme clearly will not work. Are there 
then any other ways of achieving this 
transition? 

Going back to amateur days again, Fig. 3 

shows a very popular aerial which we used 
to call a Y -matched dipole. The significant 

feature about this one is that the 6000 feed­
er was brought to a point below the aerial 

where it then spread out to two points A and 
B, where connection was made to a half­
wave radiator. 

The selection of points A and B are such 

that the aerial presents an impedance which 
corresponds to the c.i. of the feeder wires at 

the spacing of AB, probably something of 
the order of 10000. The Y section is thus a 

flared transition between the 6000 line and 
10000 and because of the continuous gra­

dation of c.i. does not produce a mismatch 
and therefore no standing waves. As this 
form of matching works from 6000 to 

10000, then it seemed to me that in principle 
it should also be effective from 700to6000. 

I have no doubt that some of my mathe· 
matically minded colleagues could produce 

a rigorous proof, but for the moment let me 
suggest a mechanism whereby a true im­

pedance transformation is effected and at 
least gives an approach for the mathema­
tician. Fig. 4 shows a series of lumped ele­

ments of part of the transition where c/ 
represents the capacitance per unit length 

and L1 the inductance per unitlength before 
the flare. C1 , L1 , C;, L3 , etc., are all parts 

of the flare where en progressively becomes 

less as the flare progresses while L. pro-

Fig. 3. The Y-matcheddipole. 
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Rhombic u.h.f. TV aerial 

Design for loft installation uses coaxial-to-wire impedance conversion 

device 

by A. B. Starks-Field, B.Sc..M.l.E.E. 

The account which follows was triggered 
by a chain of circumstances that originated 
in the motor industry. Because of the in- 
creasing level of ignition interference from 
many of the modern cars (manufacturers, 
please note!) the time came when I had to 
do something about the picture on my 17- 
year-old home-constructed 45MHz tele- 
vision receiver. 

A preliminary examination showed that 
the flywheel synchronizer locking was no 
longer able to cope. Because of the set's age 
I decided to pension it off in favour of a 
600MHz receiver, and this in turn raised 
the question of whether to build or to buy. 
Being preoccupied with other matters, I 
decided to buy and put up with the inferior 
sound reproduction. 

The choice of aerial was the next query 
to raise its ugly head, and I say "ugly" 
advisedly, because a roof-top Yagi is not a 
thiug of beauty; neither is it cheap, particu- 
larly if one has to pay someone to erect it. 
The alternative was a loft antenna of some 
kind; this was attractive, for although I have 
reached the years of discretion when roof- 
clambering has lost its savour, I am still 
agile enough to reach the loft where I have a 
power point and can work in comparative 
comfort. The indoor aerial has the further 
advantages of being protected from wind 
and weather and there are no swaying feed- 
ers ultimately to break. 

The next question was, which type to 
use? My local (booster) BBC station radi- 
ates a horizontally polarized signal and 
(according to a field-strength contour map) 
provides better than lOmV per metre in my 
area. There are, however, notorious 
"holes" in the district and, taking this and 
the opacity of the roof into consideration, I 
judged that I should need an aerial of some 
significant gain and directivity; but what? 

In my amateur days (G6YG) in the late 
1930s my particular pipedream was to have 
a shack at the hub of a set of rhombics all 
pointing in the most useful directions. This 
remained only a dream because of the rela- 
tively small garden space available, but the 
desire to use a rhombic has always re- 
mained. Well, why not do so? The loft is 
large enough to accommodate one about 
11 wavelengths long and pointing towards 
the local BBC and IB A stations. 

According to Terman1, if a rhombic has 
legs of six wavelengths each it has a gain of 

65 times (approximately 18dB) and a hori- 
zontal beamwidth nuU-to-null of about 
22°, and about twice this in the vertical 
direction. Yes, this should be satisfactory 
for my requirement and because of its lack 
of resonant components it performs reason- 
ably well to less than half its optimum fre- 
quency, so there is no bandwidth limitation. 

However, we are not there yet. We 
always thought of rhombics as terminated 
with a 6000 resistor and using a parallel 
wire feeder of 6000 characteristic imped- 
ance (c.i.). The television receiver would be 
required to work with a 700 c.i. cable and in 
any case a 6000 c.i. feeder would be a diffi- 
cult one to accommodate up the walls and 
into the loft. A further point is that at this 
impedance, using 18swg wire, the required 
spacing is of the order of four inches which 
is a significant part of a wavelength and so 
the feeder is likely to receive or radiate. No, 
some form of coaxial-to-wire impedance 
conversion was required. 

The first thing which came to mind, 
rather reluctantly because of its resonant 
quality, was a quarter-wave matching sec- 
lion. Calculation indicates that if one wishes 
to match 700 to 6000 the c.i. of the match- 
ing section has to be about 2000. Looking 
up the spacing indicated in the W. W. Radio 
Charts for this impedance one finds that it 
is very small, as shown roughly to scale in 
Fig. 1. 

Now at 6000 c.i. the spacing of 18swg 
wires (as has already been said) is of the 
order of four inches and the quarter-wave 
matching section requires to be about 6|in 
long, with the result shown in Fig. 2. The 
wires connecting the matching section to the 

Fig. 1. Wire spacing for 200Q 
characteristic impedance. 

6in. approx. 

4-in. approx. 

6000 line—which may, in fact, be the start 
of the rhombic aerial—are a significant 
length in terms of a wavelength, so that this 
scheme clearly will not work. Are there 
then any other ways of achieving this 
transition? 

Going back to amateur days again. Fig. 3 
shows a very popular aerial which we used 
to call a Y-matched dipole. The significant 
feature about this one is that the 6000 feed- 
er was brought to a point below the aerial 
where it then spread out to two points A and 
B, where connection was made to a half- 
wave radiator. 

The selection of points A and B are such 
that the aerial presents an impedance which 
corresponds to the c.i. of the feeder wires at 
the spacing of AB, probably something of 
the order of 1000D. The Y section is thus a 
flared transition between the 6000 line and 
10000 and because of the continuous gra- 
dation of c.i. does not produce a mismatch 
and therefore no standing waves. As this 
form of matching works from 6000 to 
10000, then it seemed to me that in principle 
it should also be effective from 700 to 6000. 

I have no doubt that some of my mathe- 
matically minded colleagues could produce 
a rigorous proof, but for the moment let me 
suggest a mechanism whereby a true im- 
pedance transformation is effected and at 
least gives an approach for the mathema- 
tician. Fig. 4 shows a series of lumped ele- 
ments of part of the transition where C, 
represents the capacitance per unit length 
and L, the inductance per unitlength before 
the flare. C2. L2. C3,L3. etc., are all parts 
of the flare where C„ progressively becomes 
less as the flare progresses while Ln pro- 

Fig. 2. Matching a 700. coaxial cable to a 
6000 wire feeder; the spread is significant 
compared with the wavelength. Fig. 3. The Y-matched dipole. 
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gressively increases. One can imagine an 
established current in L 1 charging c; at the 
expense of the magnetic energy in L 1 • As 
the voltage builds up in C1 current starts to 
flow in L 2 which in turn starts to fill C2• 
This is the basic process of the running 
wave. Now since C2 is less than C1 andL2 is greater than L 1 they will pass the same 
amount of power at higher voltage and less 
current. Likewise with C1 and L1 , so that as 
the wave progresses it will acquire more 
voltage and less current. By the time it 
reaches the 6000 spacing of the flare the 
impedance transformation will be com­
plete and the wave may be launched in a 
6000 line. This, of course, is not the whole 
story because if the flare is short compared 
with a wavelength it does not work. Mathe­
maticians, please note that I think the transi­
tion must at least be fA and preferably long­
er but I have made no attempt to prove it. 
Of course, this sort of transition must take 
place on the rhombic aerial itself as the 
wires spread out, but more of this later. 
The above is, of course, argued in terms of 
transmission but the reverse is true in 
reception. 

Thinking in practical terms, then, what 
sort of flare is needed from the 700 coaxial 
cable? Without fussing about minimum 
size it appeared to me that the desirable 
arrangement would be first to arrange a 
transition from the semi-solid dielectric 
coaxial cable to a convenient diameter of 
airspaced coaxial, followed by some sort of 
graded transition to an open-wire line. This 
is because nature has decreed that enormous 
spacings are required to produce a coaxial 
of c.i. higher than 1500 and negligible spac­
ings -are required for an open-wire line of the 
same impedance. The simplest way to do 
this was to taper the polythene inner insula­
tion down to zero thickness and at the 
same time to flare the outer in some way 
to the diameter corresponding to about 
1500 c.i. From this point onwards the 
flare would be cut away to a tapered point 
where it would be joined to one wire of the 
rhombic. The inner would, of course, be 
extended to join the other wire. 

I discussed this with a colleague and. 
jointly, we arrived at the design shown in 
Fig. 5. We then each built a rhombic end its 
transition into our respective lofts. I should 
add that my collaborator is in a locally 
notorious signal-strength "hole", where 
even diffracted signals are loth to reach. 

The flare of the transition is made of 
pieces of copper foil cut to form a cone 
which has a diameter of 0.6in at about 4in 
from ilie start. Beyond this the copper cone 
is cut away in a gentle curve to a point about 
1 Oin from the start. (Provided that sharp 
discontinuities are avoided, the dimensions 
are not critical.) The polythene inner insu­
lation of the coaxial cable is tapered down 
to zero thickness at about 2in from the start 
of the cone; thereafter, the bare wire 
emerges to a suitable anchoring point (see 
later). The wire should run through the 
middle of the cone, but it was found that 
this requirement is not ultra-critical (a 10% 
deviation either way made no significant 
difference) and the wire is sufficiently self­
supporting to remain in situ without spacers. 
The complete device is mounted on a Per-
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Fig. 4. Lumped constant representation of a transmission line. 

Fig. 5. Coaxial to open-wirejlare. 

Fig. 6. Construction of the coaxial to open-wirejlare shown in Fig. 5. 

spex cradle which keeps the structure rigid 
and provides means of anchorage for the 
connections. As already stated, one end of 
the rhombic is connected to the end of the 
tapered copper cone, while the other end 
connects to the central bare wire. My 
colleague, being more finished-product­
conscious than I am, decided to fit a con­
nector at the coaxial end, whereas mine is 
simply joined directly to the down-lead to 
the receiver. Fig. 6 is a photograph of his 
version. 

The next problem was bow to check it 
and see if it would work. We had available 
to us a Rohde and Schwarz Polyskop 
which covered the frequency range up to 
lOOOMHz and is a combined frequency 
sweep generator . and cathode-ray display. 
Basically this instrument feeds the output 

terminal from a high impedance source, 
measures the voltage amplitude of the signal 
at this point and displays the result against 
a time base synchronized with the frequency 
sweep. Thus it can measure the effective 
impedance of any device connected to its 
output. 

We therefore decided to connect a short 
length of coaxial cable to our flare, termin­
ating it with a 5600 resistor, and in effect 
measure the input impedance of the 
coaxial cable. Over the range of frequencies 
where the termination is correct, the 
Polyskop trace should be level, and if not, 
the trace should show a series of undulations 
where the frequencies corresponded to 
those at which the cable is a multiple of 
quarter-wavelengths long. As would be 
expected at low frequencies the standing 
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gressiyely increases. One can imagine an 
established current inZ,; charging C, at the 
expense of the magnetic energy in L,. As 
the voltage builds up in C, current starts to 
now in L2 which in turn starts to fill C2. 
This is the basic process of the running 
wave. Now since C2 is less than C, anAL2 
is greater than L, they will pass the same 
amount of power at higher voltage and less 
current. Likewise with C3 and L3, so that as 
the wave progresses it will acquire more 
voltage and less current. By the time it 
reaches the 600D spacing of the flare the 
impedance transformation will be com- 
plete and the wave may be launched in a 
6000 line. This, of course, is not the whole 
story because if the flare is short compared 
with a wavelength it does not work. Mathe- 
maticians, please note that I think the transi- 
tion must at least be -j-A and preferably long- 
er but I have made no attempt to prove it 
Of course, this sort of transition must take 
place on the rhombic aerial itself as the 
wires spread out, but more of this later. 
The above is, of course, argued in terms of 
transmission but the reverse is true in 
reception. 

Thinking in practical terms, then, what 
sort of flare is needed from the 700 coaxial 
cable? Without fussing about minimum 
size it appeared to me that the desirable 
arrangement would be first to arrange a 
transition from the semi-solid dielectric 
coaxial cable to a convenient diameter of 
airspaced coaxial, followed by some sort of 
graded transition to an open-wire line. This 
is because nature has decreed that enormous 
spacings are required to produce a coaxial 
of c.i. higher than 150Q and negligible spac- 
ings are required for an open-wire line of the 
same impedance. The simplest way to do 
this was to taper the polythene inner insula- 
tion down to zero thickness and at the 
same time to flare the outer in some way 
to the diameter corresponding to about 
150Q c.i. From this point onwards the 
flare would be cut away to a tapered point 
where it would be joined to one wire of the 
rhombic. The inner would, of course, be 
extended to join the other wire. 

I discussed this with a colleague and, 
joindy, we arrived at the design shown in 
Fig. 5. We then each built a rhombic and its 
transition into our respective lofts. I should 
add that my collaborator is in a locally 
notorious signal-strength "hole", where 
even diffracted signals are loth to reach. 

The flare of the transition is made of 
pieces of copper foil cut to form a cone 
which has a diameter of 0.6in at about 4in 
from the start. Beyond this the copper cone 
is cut away in a gentle curve to a point about 
lOin from the start. (Provided that sharp 
discontinuities are avoided, the dimensions 
are not critical.) The polythene inner insu- 
lation of the coaxial cable is tapered down 
to zero thickness at about 2in from the start 
of the cone: thereafter, the bare wire 
emerges to a suitable anchoring point (see 
later). The wire should run through the 
middle of the cone, but it was found that 
this requirement is not ultra-critical (a 10% 
deviation either way made no significant 
difference) and the wire is sufficiently self- 
supporting to remain in rim without spacers. 
The complete device is mounted on a Per- 
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Fig. 4. Lumped constant representation of a transmission line. 

Fig. 5. Coaxial to open-wire flare. 

Fig. 6. Construction of the coaxial to open-wireflare shown in Fig. 5. 

spex cradle which keeps the structure rigid 
and provides means of anchorage for the 
connections. As already stated, one end of 
the rhombic is connected to the end of the 
tapered copper cone, while the other end 
connects to the central bare wire. My 
colleague, being more finished-product- 
conscious than I am, decided to fit a con- 
nector at the coaxial end, whereas mine is 
simply joined directly to the down-lead to 
the receiver. Fig. 6 is a photograph of his 
version. 

The next problem was how to check it 
and see if it would work. We had available 
to us a Rohde and Schwarz Polyskop 
which covered the frequency range up to 
1000MHz and is a combined frequency 
sweep generator and cathode-ray display. 
Basically this instrument feeds the output 

terminal from a high impedance source, 
measures the voltage amplitude of the signal 
at this point and displays the result against 
a timebase synchronized with the frequency 
sweep. Thus it can measure the effective 
impedance of any device connected to its 
output. 

We therefore decided to connect a short 
length of coaxial cable to our flare, termin- 
ating it with a 5600 resistor, and in effect 
measure the input impedance of the 
coaxial cable. Over the range of frequencies 
where the termination is correct, the 
Polyskop trace should be level, and if not, 
the trace should show a series of undulations 
where the frequencies corresponded to 
those at which the cable is a multiple of 
quarter-wavelengths long. As would be 
expected at low frequencies the standing 
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wave ratio, which is in effect what the test 
is showing, was bad, but over the range of 
about 550 to 680MHz it was only 3:2 which 
is quite satisfactory. We found this was 
little different from the cable terminated 
with a standard 700 load. However, the 
surprising thing was that it started to 
increase again above this frequency. 

It then dawned on us that the fault lay not 
in the flare but in the terminating resistor 
which, together with its end wires, was too 
long. Standing waves were being built up 
on it, resulting in various values of effective 
terminating impedance. 

On the entry to the rhombic aerial this, 
of course, is of no consequence as it is 
simply a continuation of the flare, but it 
suggests that the spacing at the far end 
should be reduced to about tin which is 
the length of a resistor and is sufficiently 
small compared with a wavelength. The 
termination would then be about 4000, 
the nearest preferred value being 390. 

However, by the time these conclusions 
were reached my own aerial was installed 
and it is unfortunate that I have left the end 
spacing at about 4in ~d terminated with 
5 600 but this is clearly not critical. 

Let me say at this juncture that so far 
I have made no attempt to explore the 
transition v.s.w.r. situation in greater depth, 
as the construction of the arrangement 
described was essentially a practical 
exercise and an unavoidable interruption to 
my other electronic interests! One day I 
hope to experiment, but in the meantime 
some interested reader might care to take 
the matter further. 

One possible approach is shown in Fig. 7. 
This consists of a flare from 700 to 6000 
spacing, followed by a length of 6000 une 
and then a reverse flare to the terminating 
resistance. I suggest that the terminating 
flare shou.ld be brought down to about 
3000 spacing and terminated with two 
1500 resistors as shown. 

The whole could them be tried on a Poly­
skop or some other device which permits 
the checking of the v.s.w.rs. If any reader 
happens to live in an area where there are 
two transmitters on reciprocal bearings, 
a flare could be fitted to both ends of the 
rhombic and a coaxial lead brought down 
from each. In theory the lead which is out 
of use should be terminated in 500 or 700 

30011 
spacing _______ / . 

~~--------------------~ 
60011 spacing 

Fig. 7. Improvedarrangementforchecking 
flare matching. 

Fig. 8. Rhombic aerial dimensions. Note 
that n does not have to be an integer. 

as the case may be; however, the loss on an 
open-circuited coaxial may be enough to 
terminate the aerial adequately. 

One further point that may occur to 
readers contemplating building this device 
is that here we have the classic situation of 
a balanced aerial being fed with an un­
balanced feeder and is therefore one in 
which squint might be introduced. 

The only contribution I can make at the 
moment is a practical comment After 
installation I discovered that the local 
600MHz transmitters were farther east than 
I had thought and that an additional 
error had put them just about on the edge of 
the expected beam. (So much for being in 
a hurry!) However, subsequent correction 
to the geographical line-of-sight made only 
a slight improvement in the original 
received signal. My knowledge of field 
theory is somewhat limited, but I would 
have thought that, because of the large 
voltage transformation to the point of 
maximum spread (12 or 14: 1), squint is un­
likely to be significant. The phase con­
siderations are unaffected and my present 
belief is that the capacitance between the 
lines and nearby objects (wiring conduit, 
water pipes, etc.) would mask any basic 
effects. However, it would be interesting to 
explore the field with a directional probe 
and examine all the perturbations in 
orientation. 

But enough of theory. The more practical 
will want to know something of received 
picture quality. In fact this was eminently 
satisfactory, all three local transmissions 
(two BBC and one rnA) coming in clearly 
with no noise either on sound or on vision. 
Here, perhaps, I should add that my own 
experience does not in itself settle whether 
it is a good aerial or not, firstly because I 
am probably in a fairly strong region of 
field strength and secondly because I had no 
previous u.h.f. aerial with which to compare 
it. My colleague, however, is in a field 
strength "hole" and has hitherto used a log 
periodic aerial previously described in 
Wireless World 2

• This, at his location, 
gave a very poor signal-to-noise ratio: The 
rhombic on the other hand, has given a 
startling improvement; an estimated gain 
of about I OdB signal-to-noise. 

I have not dealt with the construction of 
the rhombic itself as there is plenty of 
literature concerning the design of such 
aerials. Those unfamiliar with such a device 
will see from Fig. 8 that the construction 
is extremely simple and eminently suitable 
for medium-sized lofts. Larger aerials still 
are obviously possible where space permits · 
and may be desirable in extreme fringe 
areas. In regions where the signals are 
vertically polarized, the aerial should, of 
course, be turned over on its side. 

In conclusion, I should like to thank my 
colleague Mr R. A. Tyler for his help and 
also the Editor of W. W. for his valuable · 
suggestions concerning the presentation of 
this article. 
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( Meetings ) 

LONDON 
2nd IEE- "Early development of the television 
camera" by Prof. J. D. McGee at 17.30 at Savoy 
Pl.,WC2. 
4th IEE-"Higb power radar studies of the 
ionosphere" by Dr. J. V. Evans ('Tenth Appleton 
Lecture) at 17.30 at Savoy Pl., WC2. 
5th RT8-"The Canadian domestic communication 
satellite system" by R. F. Chinnick (Shoenberg 
memorial lecture) at 19.00 at the Royal Institution, 
Albemarle St., W 1. 
9th IEETE/lnst. MI-"The applications of elec­
tronics to the design and testing of automobiles" 
by T. R. Aston at 18.30 at the lEE, Savoy Pl., WC2. 
lOth IEE-"Eiectrolwninescence" by A. Vecht at 
17.30 at Savoy Pl., WC2. 
lOth IEE-"High power stepping devices" by Prof. 
P. J. Lawrenson and Prof. R. J. A. Paul at 17.30 
at Savoy Pl., WC2. . 
11th IERE-Colloquium on "The graduate elec­
tronic engineer in Britain and Europe" . at 10.00 
at 9 Bedford Sq., WC 1. 
lith IEE- "Some applications of digital techniques 
to television broadcasting'' by F. H. Steele at 
17.30 at Savoy Pl., WC2. 
12th IEF/R.Ae.S.- Symposium on "The application 
of digital avionic systems in aircraft" at 9.45 at the 
Royal Aeronautical Society, 4 Hamilton Pl., W 1. 
13th lEE-colloquium an "Techniques at high 
voltages" at 10.30 at Savoy Pl., WC2. 
16th IEE- "Exposition of quadraphony'' at 14.30 
at Savoy Pl., WC2. 
17th AES- "Audio oscillators" by P. J. Baxandall 
at 19.15 at the lEE, Savoy Pl., WC2. 
18th IERE-Colloquiwn on "Electronics and the 
motor vehicle" at 10.00 at 9 Bedford Sq., WCl. 
18th lEE-Colloquium on "'ntegratecl circuits for 
analogue functions'' at 14.30 at Savoy Pl., WC2. 
18th IEE-"Transformer multiJlow hottest-spot 
rating proposed standard specification" by E. T. 
r'forris at 17.30 at Savoy Pl., WC2. 

BRIGHTON 
12th IEETE-"Simply and or not- a review a 
elementary logic gates" by R Keeler at 19.30 at 
Royal Albion Hotel, Old Steine. 

EXETER 
5th IEETE-"Computers and programming" by 
L. M. Goddard at 19.30 at Exeter College, Hele 
Road. 

GUll.DFORD 
4th IEE- "Nuc,lear power-its promise and prob­
lems" by H. H. Gott at 19.30 at the University of 
Surrey, Stag Hill. 

HULL 
11th SERT-"Trinitron tube" by speaker from 
Sony (UK) Ltd at 19.30 at Hull College of 
Technology. 

LEEDS 
12th IEETE-"New developments in integrated 
environmental design" by R. D. Parker at 19.00 
at Kitson College, Cookridge St. 

MAID STONE 
2nd IEE-"Eiectronic aids to night vision" by Dr. P. 
Schagen at 19.00 at S.E.E.B. Maidstone DiSl 
Offices, Parkwood, Sutton Road. 

READING 
Sth .IERE/IEE-"The application of electronics in 
telephone exchange switching" by F. W. Croft at 
19.30 at the J. J. Thomson Physical Laboratory, 
University of Reading, Whiteknigbts Park. 

Tickets are required for some meetings: readers. 
are advised therefore 10 communicate with 
the society concerned. 
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wave ratio, which is in effect what the test 
is showing, was bad, but over the range of 
about 550 to 680MHz it was only 3:2 which 
is quite satisfactory. We found this was 
little different from the cable terminated 
with a standard 700 load. However, the 
surprising thing was that it started to 
increase again above this frequency. 

It then dawned on us that the fault lay not 
in the flare but in the terminating resistor 
which, together with its end wires, was too 
long. Standing waves were being built up 
on it, resulting in various values of effective 
terminating impedance. 

On the entry to the rhombic aerial this, 
of course, is of no consequence as it is 
simply a continuation of the flare, but it 
suggests that the spacing at the far end 
should be reduced to about yin which is 
the length of a resistor and is sufficiently 
small compared with a wavelength. The 
termination would then be about 4000, 
the nearest preferred value being 390. 

However, by the time these conclusions 
were reached my own aerial was installed 
and it is unfortunate that I have left the end 
spacing at about 4in and terminated with 
5600 but this is clearly hot critical. 

Let me say at this juncture that so far 
I have made no attempt to explore the 
transition v.s.w.r. situation in greater depth, 
as the construction of the arrangement 
described was essentially a practical 
exercise and an unavoidable interruption to 
my other electronic interests! One day I 
hope to experiment, but in the meantime 
some interested reader might care to take 
the matter further. 

One possible approach is shown in Fig. 7. 
This consists of a flare from 70Q to 6000 
spacing, followed by a length of 6000 line 
and then a reverse flare to the terminating 
resistance. I suggest that the terminating 
flare should be brought down to about 
3000 spacing and terminated with two 
I50O resistors as shown. 

The whole could then be tried on a Poly- 
skop or some other device which permits 
the checking of the v.s.w.rs. If any reader 
happens to live in an area where there are 
two transmitters on reciprocal bearings, 
a flare could be fitted to both ends of the 
rhombic and a coaxial lead brought down 
from each. In theory the lead which is out 
of use should be terminated in 50Q or 700 
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Fig. 8. Rhombic aerial dimensions. Note 
that n does not have to be an integer. 
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is that here we have the classic situation of 
a balanced aerial being fed with an un- 
balanced feeder and is therefore one in 
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installation I discovered that the local 
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I had thought and that an additional 
error had put them just about on the edge of 
the expected beam. (So much for being in 
a hurry!) However, subsequent correction 
to the geographical line-of-sight made only 
a slight improvement in the original 
received signal. My knowledge of field 
theory is somewhat limited, but I would 
have thought that, because of the large 
voltage transformation to the point of 
maximum spread (12 or 14:1), squint is im- 
likely to be significant. The phase con- 
siderations are unaffected and my present 
belief is that the capacitance between the 
lines and nearby objects (wiring conduit, 
water pipes, etc.) would mask any basic 
effects. However, it would be interesting to 
explore the field with a directional probe 
and examine all the perturbations in 
orientation. 

But enough of theory. The more practical 
will want to know something of received 
picture quality. In fact this was eminently 
satisfactory, all three local transmissions 
(two BBC and one IB A) coming in clearly 
with no noise either on sound or on vision. 
Here, perhaps, I should add that my own 
experience does not in itself settle whether 
it is a good aerial or not, firstly because I 
am probably in a fairly strong region of 
field strength and secondly because I had no 
previous u.h.f. aerial with which to compare 
it. My colleague, however, is in a field 
strength "hole" and has hitherto used a log 
periodic aerial previously described in 
Wireless World1. This, at his location, 
gave a very poor signal-to-noise ratio. The 
rhombic on the other hand, has given a 
startling improvement; an estimated gain 
of about lOdB signal-to-noise. 

I have not dealt with the construction of 
the rhombic itself as there is plenty of 
literature concerning the design of such 
aerials. Those unfamiliar with such a device 
will see from Fig. 8 that the construction 
is extremely simple and eminently suitable 
for medium-sized lofts. Larger aerials still 
are obviously possible where space permits 
and may be desirable in extreme fringe 
areas. In regions where the signals are 
venically polarized, the aerial should, of 
course, be turned over on its side. 

In conclusion, I should like to thank my 
colleague Mr R. A. Tyler for his help and 
also the Editor of W. W. for his valuable 
suggestions concerning the presentation of 
this article. 
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News of 
the Month 

Low-light 
camera 

The determined intruder is not easily 
defeated, but the use of invisible 
"light" with television cameras must 
pose a pretty problem to him. We were 
recently shown a system developed by 
ADT which uses radiation at a wavelength 
of 1.1 microns (effectively total dark­
ness), or a slightly more visible 0.8 
microns, to irradiate the scene, reflected 
radiation being picked up by a silicon 
diode array. 

The use of the diode pick-up tube is 
claimed to offer advantages over the 
conventional method of a vidicon camera 
used with an image intensifier, the main 
one being that the signal-to-noise ratio is 
markedly improved. As the diodes have 
their peak sensitivity at the radiation wave­
length used, a very small aperture can be. 
used, with a consequent increase in the 
depth of field. R-eaders may remember that 
a similar pick-up tube used on a normal 
moon-shot suffered a dismal fate when it 
was accidentally aimed at the sun. ADT 

have fitted an automatic iris which varies 
the aperture from fl .2 to f360 sufficiently 
rapidly to protect the diodes against 
burn-out. 

Apart from the obvious security value, 
the system is expected to find application 
in hospital surveillance, where the absence 
of visible lighting would be of great 
benefit to patients. 

Quis 
custodiet 

The Design Centre in Haymarket, London 
will be reconsidering their security 
arrangements during the next few days, 
following the disappearance of one of 
their "high-technology" displays. An 
electronic transmitting key and control 
unit made by security experts Distloc, 
and used for remotely locking and un­
locking strong doors, van doors, cash 
registers, petrol pumps etc, have been 
taken from their display case. Distloc 
promise enough flashing lights and clanging 
bells around any future exhibits to send 
any prospective purloiner on a hallucina­
tory trip. 

Electric gas 
cookers 

Electronic spark ignition units are not new, 
but the application of electronics to spark 
ignition for gas appliances is relatively 
recent. Ignition for fuel gases, unlike 
petrol vapour, demands a high degree of 
efficiency. This can be provided by the 
capacitor discharge principle. One of the 
major advantages of using these electronic 
spark ignition units is that ordinary pilot 
lights are rendered unnecessary. In Cali­
fornia, legislation aimed at saving natural 
gas by the...elimination of gas-fuelled pilot 

The low-light television surveillance system by Electronic Protection Services, Hillgate 
House, 26 Old Bailey, L ondon E C4, a subsidiary of ADT of America (see accompanying 
news item). 
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lights has recently become law. During the 
preparation of the bill, it was estimated 
that between 10 and 15% of natural gas 
used by domestic appliances throughout 
the state was consumed by pilot jets. 

Plessey Windings has received a sub­
stantial order from the Caloric Corpora­
tion, Topton, Pennsylvania, USA for the 
supply of electronic spark ignition units. 
The Caloric Corporation, one of the major 
cooker manufacturers in the USA, is 
incorporating the units in its latest gas 
cookers. 

Energy conversion 
alternatives 

Methods of producing electrical power 
from coal will be assessed by a NASA 
industrial team in an 11-month study. 
Development and operating costs and the 
impact on the environment will be com­
pared for a variety of systems using coal 
or coal-derived fuels. Conventional fossil­
fuelled power plants operate at efficiencies 
of up to 40%, but greater efficiencies are 
possible. For example, a potassium Rankine 
system added as a "topping cycle" (addi­
tional heating stage) to a plant may increase 
efficiency to 50%. The study will compare 
a variety of energy systems. These include: 
advanced steam plants; open and closed 
cycle gas turbine systems; combined 
systems such as a gas turbine system used 
with a steam plant; supercritical carbon 
dioxide systems; liquid metal Rankine top­
ping cycle magnetohydrodynamic systems 
and fuel cells. 

Scotland goes 
stereo 

From the start of programmes on October 
14, some of Radio Scotland's music and 
light entertainment programmes and certain 
Radio 4 items are now broadcast in stereo 
from the Kirk o'Shotts v.h.f. transmitter. 
Radio 2 and Radio 3 are already in stereo. 
The stereo signals will be re-broadcast by 
the relay stations at Ashkirk (serving much 
of the border country), A yr, Campbeltown, 
Forfar, Millburn Mair (Vale of Leven), 
Rosneath (Gareloch) and Toward. Some of 
these stations are a long way from Kirk 
o'Shotts so the quality and the consistency 
of the re-broadcast stereo signals will not 
be known until some time after tests have 
been carried out. The programme link to 
Scotland uses p.c.m. 

Business abroad for 
Britain 

The UK is rapidly expanding its electronics 
operations in North America. In response 
to fast-developing market opportunities, 
notably in the areas of advanced tech­
nology, commercial and medical electronics, 
the EMl Group is now progressively 
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The low-light television surveillance system by Electronic Protection Services, Hillgate 
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establishing a network of manufacturing 
and marketing facilities throughout the 
USA. Their latest move is the acquisition 
of Electron Technology Inc. of Kewny, 
New Jersey, who manufacture specialised 
glass components for the electron tube 
industry. 

Back home, the tape division of EMI 
has recently launched a new ferric oxide 
cassette tape which is 30% cheaper than 
high quality chromium dioxide cassettes 
but is claimed to produce results at least 
as satisfactory as chrome formulations. 
The new Emitape XI 000 is the result of 
two years' research and development using 
a new ferric oxide micro-particle. The maio 
technical improvements claimed compared 
to low noise tapes are: an increase of 3-4dB 
output in the 8-15kHz region; improved 
overload characteristics; wider dynamic 
range; improved h.f. response and lower 
intermodulation distortion. 

Channel link in 
service 

Expansion of Britain's busiest single 
international route, the 38-mile radio 
" hop" across the English Channel, has 
taken a further step forward. Under the 
Post Office's plan to double the route's 
call-carrying capacity the first 60 tele­
phone circuits of a new microwave link 
are now carrying calls to France. The new 
link, which will eventually be handling up 
to 1,800 calls simultaneously is the first of 
two to be provided in the Post Office's 
drive to expand telephone and telex ser- . 
vices with Europe. 

The route from the. microwave station 
on Kent's Channel coast to its French 
counterpart can at present carry 2,160 
telephone calls simultaneously. The new 
microwave links will boost this to 5,760. 
Under present plans, the Post Offic-e 
expects to add I ,000 circuits of the extra 
capacity during the next five months. 
Further groups of circuits will be pro­
gressively introduced next year. 

Broadcasting conference 
opened 

The first session of a Regional Admin­
istrative Conference for the re-planning of 
medium- and long-wave broadcasting in 
Regions 1 (Europe and Africa) and 3 
(Asia and Australasia) opened at the 
beginning of October at the Geneva 
International Conference Centre. More 
than 400 delegates from 70 member 
countries of the International Telecom­
munications Union took part in the 
conference which lasted for three weeks 
(see August issue pp. 266-271, "The 
future of medium- and long-wave broad­
casting", which described the problems 
facing the conference). This first session 
concentrated on formulating the technical 
and operational criteria and the planning 
methods which will serve as a basis for the 
preparation by the second session of fre-
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On the left the chassis of a 1923 medium- and long-wave receiver and on the right its 

present-day equivalent. These are two Philips radio receivers on show in a display 

covering the story of radio at the newly opened extension of the IBA 's Broadcasting 

Gallery, Brompton Road, London. 

quency assjgnment plans covering the 
l.f./m.f. broadcasting bands in Regions 
1 and 3. The second session is to be held 
from October 6 to November 22, 1975. 

Technical and operational criteria took 
into account propagation data, modulation 
standards and channel spacings, protection 
ratios (including noise levels), transmitting 
antenna characteristics and transmitter 
powers and planning methods. 

Giro errors 
detected 

Holland's largest commercial bank is in­
stalling a new British electronic error 
detector and control unit to further safe­
guard the accuracy of its Giro payment 
transfers. The units are plugged in to the 

Not a telephonist's nightmare, but a giant 
mobile telephone built in the USA by 
General Telephone and Electronics Cor­
poration to promote a new concept to 
conserve petrol, "dial before drive". 
Motorists are urged in a TV commercial 
to phone before setting out in their car 
to check that the trip is really necessary . . 
The giant phone is mounted on a VW 
chassis and can be driven up to 35 mph 

bank's electric typewriters which are used 
to prepare the optical character reading 
input for the payment transfers. Each unit 
can be added on to a standard office type­
writer without requiring any electrical 
interconnection and can be operated directly· 
from the typewriter keyboard to carry out 
computer compatible check digit verifica­
tion and a variety of totalling or other 
functions according to a pre-determined 
programme. 

It is important to safeguard the accuracy 
of the two different bank account numbers 
which are being debited or credited with the 
money value involved in each transaction. 
Normally, any transposition or trans­
cription errors are discovered as soon as the 
data reaches the central computer, but 
at that stage the problems involved in 
investigating and rectifying errors in 
account numbers are such that it becomes 
increasingly important for any errors to be 
detected at the original point of entry when 
the source documents are still at hand. 

Stereo f.m. radio 
in Australia 

The Federal Cabinet in Canberra has 
authorised the introduction of stereo­
phonic frequency modulated radio in 
Australia and the establishment of new 
radio stations in both Sydney and Mel­
bourne for the Australian Broadcasting 
Commission. The new f.m. stations will 
be operated by the musical broadcasting 
societies of New South Wales and Victoria 
and will aim to be self-supporting. A 
number of stations could be licensed over 
the next few years. The initial steps will 
enable the Government to assess the 
demand for public broadcasting. 
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Camera on 
Mars 

The first tests of the camera that will photo­
graph Mars from ground level when 
NASA's Viking spacecraft 1ands on the 
planet in 1976 have been successful. The 
camera has very small photo-diodes posi­
tioned in the focal plane where film would 
be in a conventional camera. An image is 
reflected from a mirror through lenses onto 
the diodes. The mirror rotation essentially 
scans the image and each time it moves 
through one cycle, a single vertical line is 
scanned in the field of view. The entire 
camera is then slightly rotated and the next 
vertical line is scanned., Several minutes 
are needed to obtain a complete photograph 
because the image information is sequenti­
ally acquired at about five lines per second. 
Colour photos are produced by combining 
data from three diodes (blue, green and 
red sensitive). 

Each Viking spacecraft consists of an 
"orbiter" and a "lander". The lander's 
imaging system consists of two cameras 
providing colour, black-and-white, infra­
red and stereoscopic views of the Martian 
surface. The instruments are facsimile 
cameras designed for operation in unusual 
conditions. One of the most important jobs 
will be to characterize the area near the 
lander, so scientists on Earth can select 
spots from which samples should be 
obtained for chemical and biological 
analysis in the miniature laboratory on 
board each lander. The imaging system 
will also provide photometric information 
from near-by materials that will help deduce 
composition and particle sizes. It will 
monitor the Martian atmosphere opacity 
and record the position of the sun and 
brighter planets, to allow precise location 
of the lander on Mars. 

Domestic satellite 
launch 

. The United States second commercial 
domestic communications satellite was 
launched aboard a Delta rocket during 
October. Final positioning of the satellite 
is in a synchronous orbit over the equator 
south of Los Angeles. 

Each of the satellite's 12 independent 
fixed-gain amplifiers has a bandwidth of 
36MHz. A duplicate receiver is on board 
that can be switched on if necessary- the 
onboard wideband receiver is common 
to all transponders and is necessary for 
proper functioning. 

I on engine 
survives 

An electric rocket engine which short­
circuited on a NASA spacecraft nearly 
four years ago has been restarted in space, 
prompting scientists at the Lewis Research 
Centre, Cleveland, to resume the Space 
Electric Rocket Test (SERT II) mission 
on a part-time basis. Launched in 1970, 
the SERT IT mission was intended to 
demonstrate the feasibility of electric 
propulsion for future space missions such as 

Engineers are dwarfed by the US Air 
Force's newest and most sophisticated 
weather watcher, a 177ft-tall giant called 
the Defence Meteorological Satellite. The 
spacecraft uses a single on-board control 
system which steers both the launch 
vehicle and the satellite. 
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planetary probes or station-keeping in 
Earth orbit. The aim was to operate an ion 
engine for six months in space. 

Presumably, the sliver of molybdenum 
which caused the October 1970 short-out 
of thruster 2 is now gone. Spinning the 
spacecraft to obtain a better Sun angle for 
the solar arrays created a small amount of 
artificial gravity which could have dis­
lodged the chip. Since then thruster 2 has 
been operated successfully several times 
for short periods of up to 60% of maximum 
thrust, proving the long term reliability 
of this thruster system design. 

In the ion thruster, used for orbital 
manoeuvre secondary engines, an electrical 
discharge in mercury vapour provides a 
dense "plasma" of electrons and positive 
ions. The ions are accelerated out of the 
thruster by a strong electric field to produce 
the desired thrust. Such a thruster has also 
been under d~velopment by the Space 
Department of the Royal Aircraft Estab­
lishment, Faro borough. The first use of this 
thruster will probably be for north-south 
station-keeping on a communications satel­
lite. In this role, its thrust will be used to 
balance the gravitational effects of the sun 
and moon which would otherwise cause 
the satellite's position to oscillate daily in 
a north-south direction. With no oscillation, 
such a satellite could broadcast directly to 
individual households using fixed, inexpen­
sive aerials. 

Telemetry 
transmission 

The telemetry links that will be used in 
Europe in the near future for satellites, 
missiles and launchers, will operate from 
2.2 to 2.3GHz (in S-band). So states the 
introduction to a description of the new 
S-band telemetry transmitter specially 
developed for ESRO (ITT Electrical Com­
munication, Vol. 49, No. 3, p.251). For 
satellites, phase modulation is used with 
a peak modulation index that can reach 
several radians. Missiles and launchers, 
however, use frequency modulation. Typic­
ally, the modulating signal can be a message 
of the p.c.m) phase shift keying typemodu­
lating the carrier directly or alternatively, a 
composite signal containing subcarriers 
modulated by various analogue or digital 
signals representing telemetry and distance 
measurement information. The spectral 
bandwidth of the modulating signal may 
well be several megahertz for large capacity 
satellites and this puts severe constraints 
on the phase modulator. 

Output power for the transmitter depends 
on the information rate and on the link 
budget and this varies from one satellite to 
another. A telemetry transmitter on board 
a satellite can work alone or as part of a 
coherent transponder. In the first case it is 
fed with a signal delivered by the oscillator 
of the phase lock loop of the associated 
receiver which is thus in phase with the 
signal received by the transponder. This 
enables Doppler effect on the carrier to be 
measured so that the radial velocity of the 
satellite can be determined. 
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artificial gravity which could have dis- 
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satellites, phase modulation is used with 
a peak modulation index that can reach 
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Surround-sound psychoacoustics 
Criteria for the design of matrix and discrete surround-sound systems 

by Michael Gerzon 

Mathematical Institute, University of Oxford 

There are a number of different mechanisms by which the ears localize sounds, including several 

low-frequency, mid-frequency and high-frequency mechanisms, as well as information derived 

from the reverberation of sounds. With only a few transmission channels available, one cannot 
hope to satisfy them all, but most existing " discrete" and "matrix" systems do not satisfy more 

than one or two criteria. The approaches associated with the Nippon Columbia UMX system and 

the NRDC ambisonic syst_em are the only ones so far to adequately aUow for several criteria. 

When stereo was introduced commercially 
in · the 1950s, it had been subjected to 
experiments and theoretical studies for 
25 years, by Fletcher' in the USA, 
Blumlein2 in England, and de Boer3 in 
the Netherlands. Despite a remarkable 
anticipation of modem "matrix" four­
speaker systems by Blumlein2 in 1931, 
virtually no work had been done on four­
speaker surround sound before its recent 
commercial introduction. We are thus only 
beginning to understand how it works, and 
it is the object of this paper to describe the 
fruits of this new understanding. Not 
surprisingly, hastily introduced com­
mercial systems have proved to be 
sub-optimal. 

Because the mathematical description 
of surround-sound systems is far from 
elementary, this aspect is not dealt with 
here; references• 10 1o contain such infor­
mation. In this article the principles of 
surround-sound psychoacoustics are des-

. cribed, i.e. the relationship between the 
sound field presented to the listener and 
what he actually hears. 

Lord Rayleigh discovered 11
• 

12 that the 
human hearing system appears to use 
different mechanisms to localize sounds 
at frequencies below and above 700Hz. 
Other evidence by Rayleigh12. 13, Stevens 
& Newman'• and Roffler & Butler15 and 
others suggests that above about 5KHz, 
yet other localization mechanisms come 
into play, relying on the pinnae (the flaps 
on the ears) to modify sounds from 
different directions. 

To make matters even more complicated, 
there is considerable disagreement both 
among theorists and experimenters as to 
the localization mechanism used within 
each band of frequencies, quite contrary 
results being obtained in different cases16• 

It seems that the ears must' use a number 
of different methods of sound localization, 
possibly deciding on a "majority verdict" 
in the case when different mechanisms 

would, if used in isolation, give differing 
results. 

In the presence of such contradictory 
information, the apparent localization of a 
sound also depends on the experience and 
expectations of the listener and on the 
type of attention he is paying to the sound. 
This can easily be demonstrated by 
reproducing via a stereo pair of good loud­
speakers a sound positioned half-way 
towards the left speaker, but with the 
speakers connected out of phase. A 
suitably positioned listener can then hear 
the sound to be either between the 

Quadraphonic quandary 
While this article was written before 
publication of B. J. Shelley's article 
Quadraphonic Quandary (Wireless 
World, July 1974 pp. 235-6), it does 
deal with many of the queries he 
raised on the aims and methods of 
quadraphonics. You may find it 
instructive to decide how far his 
particular criticisms are answered 
here. But note two points. Firstly, • 
that two of the systems earlier pro­
posed by the author on purely mathe­
matical- grounds (two-channel peri­
phony and, via a tetrahedron of 

. speakers, four-channel periphony) are 
here shown to be inadequate on the 
type of psychoacoustic grounds 
suggested by Shelley. And secondly 
that disagreements among experi­
menters about quadraphonic psycho­
acoustics are no new thing; Harwood 16 

documented how little agreement 
there is on ordinary stereo localiza­
tion. These disagreements may well 
be due to the conflicting directional 
cues at the ears inherent in all two­
speaker stereo and in badly designed 
quadraphonic systems. 

speakers or beyond the left speaker (some­
times, both at once!). 

Because most matrix four-speaker 
systems give highly ambiguous sound 
position information to the listener's ears, 
the results obtained will depend on the 
individual listener. Some listeners will learn 
to assign sounds to their "correct" 
positions with experience, and others will 
not. As a degree of subjectivism is a poor 
basis for any technology, the general prin­
ciples behind various different sound 
localization mechanisms will be examined, 
with a view to extracting from these 
common features that can be used in 
designing surround-sound reproduction 
systems. 

To design surround-sound systems we 
do not need to understand the full 
intricacies of the sound processing 
mechanisms in the ears and brain·. As far 
as engineering is concerned, all we need 
know is what type of stimulus (i.e. sound 
field information) is needed to create a 
given subjective impression, and then we 
can design apparatus to produce a 
stimulus of the required type. 

However, it is also necessary to have 
a description of the required stimulus that 
is simple enough mathematically to handle 
in detailed calculations. Otherwise we wiJJ 
only be able to design a system by guess­
ing a circuit configuration and then 
"number crunching" the data in a com·­
puter to see whether it will work. As there 
are many millions of possible system con­
figurations, it is extremely unlikely that 
such a design procedure would happen to 
bit upon the best possible result, or even 
something approximating to it. Such 
considerations rule out from our account 
such phenomena as the Haas effect, which 
says in essence that the earliest arrival of a 
sound at the ears determines its apparent 
direction. This is difficult to analyse 
mathematically, as well as being an un­
reliable guide to the subjective sound 
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says in essence that the earliest arrival of a 
sound at the ears determines its apparent 
direction. This is difficult to analyse 
mathematically, as well as being an un- 
reliable guide to the subjective sound 
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direction when sounds arrive from all 
round. 

First, what is the aim of surround 
sound reproduction? 

Recreating a sound field 
Ideally, one would like a surround­
sound system to recreate exactly over a 
reasonable listening area the original 
sound field of the concert hall, or in the 
case of poptilar or electronic music, a 
sound field envisaged by the record pro­
ducer, with many different sounds in 
different directions at different distances. 
Unfortunately, arguments from informa­
tion theory can be used to show that to 
recreate a sound field over a two-metre 
diameter listening area for frequencies up 
to 20KHz, one would need 400,000 
channels and loudspeakers. These would 
occupy 8GHz of bandwidth, equivalent to 
the space used up by 1,000 625-line 
television channels! 

The best that can be done with the two, 
three or four channels currently available 
is as follows. For each possible position of 
a sound in space, for each possible 
direction and for each possible distance 
away from the listener, assign a particular 
way of storing the sound on the available 
channels. Different sound positions corres­
pond to the stored sound having different 
relative phases and amplitudes on the 
various channels. To reproduce the sound, 
first decide on a layout of loudspeakers 
around the listener, and then choose what 
combinations of the recorded information 
channels, with what phases and ampli· 
tudes, are to be fed to each speaker. The 
apparatus that converts the information 
channels to speaker feed signals is called 
a "decoder", and must be designed to 
ensure the best subjective approximation 
to the effect of the original sound field. 

In commercial "discrete" practice, the 
process of assigning positions in the sound 
field to the available channels, known as 
"encoding", is done using four channels. 
Sounds not in the four comer positions 
are, in this procedure, assigned to just 
those two of the four channels representing 
corner directions adjacent to the desired 
direction. This only handles distant sounds 
in a horizontal direction, and it is by no 
means evident that this is the best way of 

---e---(a) 

Fig. 1. Omnidirectional and velocity 
microplwnes (picture b) receiving the 
same low frequency information as the 
human hearing system (picture a). 

assigning such a sound field to four 
channels. Similarly, it is not evident, and 
not in fact true, that feeding these channels 
directly to a square of speakers gives an 
optimum recreation of the original sound 
field. 

Thus any surround-sound system gives 
rise to two distinct but related psycho­
acoustic questions; 
e Is a given method of encoding the sound 
field ever capable of good subjective re­
creation of the _sound field? That is, does 
the encoding method used permit the 
possibility of designing some decoder 
giving good results? 
e Given a good method of encoding, what 
is the best design of decoder for use with a 
given layout of loudspeakers? 

Low-frequeocylocallzation 
The distance between the human ears is 
half a wavelength of a sound having a 
frequency of 700Hz. At frequencies 
appreciably below this, the head offers 
no obstacle to sound waves, and so the 
amplitude of sound reaching the two ears 
is virtually identical11• 1'~-19• The only in­
formation available at these low fre­
quencies for sound localization is the 
phase difference between the two ears, 
and in 1907 Rayleigh11 indeed showed 
that this was used to localize sounds 
below 700Hz. 

There has, however, been disagreement 
as to how this low-frequency phase 
difference information is used to deduce 
sound position. One school of thought, 
represented by Clark, Dutton & Van­
derlyn20 and Bauer21, derived a theory 
assuming that the listener does not move 
his head, whereas Makita22 , Leakey23 and 
Tagerl" assume that the brain uses addi­
tional information from variations at the 
two ears caused by rotations of the head 
within the sound field. 

It is possible to construct a "super­
theory" including the above two classes 
of theories as special cases. Essentially, 
the sum of the waveforms reaching the 
two ears is .the sound pressure that would 
be at the position of the centre of the 
listener's head were he absent. This 
information is the same as that picked up 
by an omnidirectional microphone (see 
Fig. I). The remaining directional infor­
mation at low frequencies reaching the 
listener is the difference of the waveforms 
at the two ears, which is the velocity of 
the sound field along the ear-axis (see 
Fig. 1). This is the information picked 
up by a sideways-pointing velocity or 
figure-of-eight microphone. 

The fixed-head theories thus assume 
that the information picked up by an 
omnidirectional and by a sideways-facing 
velocity microphone is all that is available 
to the brain. The assumption that no use is 
made of amplitude differences at the two 
ears amounts to assuming that com­
ponents of the velocity microphone infor­
mation that are 90° out of phase with the 
omnidirectional information are not used 
in deducing the direction of sounds. The 
"moving head" theories assume that the 
velocity microphone information may 
point in any direction, but still assume 
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that 90° out-of-phase velocity microphone 
information is not used. 

It is not difficult to compute the 
"omnidirectional" and "velocity micro­
phone" information produced by a 
quadraphonic reproduction system, and 
hence to calculate whether the useful 
information at low frequencies reaching 
the ears is the same as for live sounds 
(see Fig. 2). 

Such calculations reveal that, for low 
frequencies, no existing two-channel matrix 
encode/decode system reproduces all the 
useful information as it occurs in live 
sounds, although the Cooper/Nippon 
Columbia BMX system5 satisfies the 
hypotheses of Makita and Leakey. More 
remarkably, conventional discrete four­
channel . sound also does not satisfy low­
frequency criteria other than those of 
Makita and Leakey. This is because 
phantom inter-speaker sound images with 
this system give too large an omni­
directional component of the sound 
field25, which causes front -centre and side­
centre sounds to be very poorly 
localized26, 

The poor positioning of phantom 
images suggests that discrete four-

. channel systems should not be used as a 
standard of excellence. by which other 
systems are judged. There are better ways 
of representing the set of possible 
directions around the listener via four 
loudspeakers8• 

26
• The· National R~earch 

and Development Corporation has re­
cently been developing, with the author, a 
two-channel decoding apparatus for 
BMX or RM-encoded sounds, to feed 
four loudspeakers so as to satisfy the 
low frequency criteria shown in Fig. 2, 
and also the mid-high frequency criteria 
described later. 

The three-channel system discovered 

X 

• I 
I 
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Fig. 2. Low-frequency quadraphonic 
localization information available to the 
ears. 
Omnidirectional information: 

0 = L 8 + LF + Rp + R8 
x-velocity information: 

X = Real(- L 8 + LF + Rp - R11 ) 

y-velocity information: 
Y = Real(L8 + LF - RF - R 8 ) 

For "live" sounds we must have 
()1 = t(..¥2 + yz ). 
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direction when sounds arrive from all 
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Recreating a sound field 
Ideally, one would like a surround- 
sound system to recreate exactly over a 
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sound field of the concert hall, or in the 
case of popular or electronic music, a 
sound field envisaged by the record pro- 
ducer, with many different sounds in 
different directions at different distances. 
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tion theory can be used to show that to 
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field to the available channels, known as 
"encoding", is done using four channels. 
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corner directions adjacent to the desired 
direction. This only handles distant sounds 
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Fig. 1. Omnidirectional and velocity 
microphones (picture b) receiving the 
same low frequency information as the 
human hearing system (picture a). 

assigning such a sound field to four 
channels. Similarly, it is not evident, and 
not in fact true, that feeding these channels 
directly to a square of speakers gives an 
optimum recreation of the original sound 
field. 

Thus any surround-sound system gives 
rise to two distinct but related psycho- 
acoustic questions: 
• Is a given method of encoding the sound 
field ever capable of good subjective re- 
creation of the sound field? That is, does 
the encoding method used permit the 
possibility of designing some decoder 
giving good results? 
• Given a good method of encoding, what 
is the best design of decoder for use with a 
given layout of loudspeakers? 

Low-frequency localization 
The distance between the human ears is 
half a wavelength of a sound having a 
frequency of 700Hz. At frequencies 
appreciably below this, the head offers 
no obstacle to sound waves, and so the 
amplitude of sound reaching the two ears 
is virtually identical11, "~19. The only in- 
formation available at these low fre- 
quencies for sound localization is the 
phase difference between the two ears, 
and in 1907 Rayleigh" indeed showed 
that this was used to localize sounds 
below 700Hz. 

There has, however, been disagreement 
as to how this low-frequency phase 
difference information is used to deduce 
sound position. One school of thought, 
represented by Clark, Button & Van- 
derlyn20 and Bauer21, derived a theory 
assuming that the listener does not move 
his head, whereas Makita22, Leakey23 and 
Tager24 assume that the brain uses addi- 
tional information from variations at the 
two ears caused by rotations of the head 
within the sound field. 

It is possible to construct a "super- 
theory" including the above two classes 
of theories as special cases. Essentially, 
the sum of the waveforms reaching the 
two ears is the sound pressure that would 
be at the position of the centre of the 
listener's head were he absent. This 
information is the same as that picked up 
by an omnidirectional microphone (see 
Fig. 1). The remaining directional infor- 
mation at low frequencies reaching the 
listener is the difference of the waveforms 
at the two ears, which is the velocity of 
the sound field along the ear-axis (see 
Fig. I). This is the information picked 
up by a sideways-pointing velocity or 
figure-of-eight microphone. 

The fixed-head theories thus assume 
that the information picked up by an 
omnidirectional and by a sideways-facing 
velocity microphone is all that is available 
to the brain. The assumption that no use is 
made of amplitude differences at the two 
ears amounts to assuming that com- 
ponents of the velocity microphone infor- 
mation that are 90° out of phase with the 
omnidirectional information are not used 
in deducing the direction of sounds. The 
"moving head" theories assume that the 
velocity microphone information may 
point in any direction, but still assume 
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that 90° out-of-phase velocity microphone 
information is not used. 

It is not difficult to compute the 
"omnidirectional" and "velocity micro- 
phone" information produced by a 
quadraphonic reproduction system, and 
hence to calculate whether the useful 
information at low frequencies reaching 
the ears is the same as for live sounds 
(see Fig. 2). 

Such calculations reveal that, for low 
frequencies, no existing two-channel matrix 
encode/decode system reproduces all the 
useful information as it occurs in live 
sounds, although the Cooper/Nippon 
Columbia BMX system5 satisfies the 
hypotheses of Makita and Leakey. More 
remarkably, conventional discrete four- 
channel. sound also does not satisfy low- 
frequency criteria other than those of 
Makita and Leakey. This is because 
phantom inter-speaker sound images with 
this system give too large an omni- 
directional component of the sound 
field25, which causes front-centre and side- 
centre sounds to be very poorly 
localized26. 

The poor positioning of phantom 
images suggests that discrete four- 
channel systems should not be used as a 
standard of excellence by which other 
systems are judged. There are better ways 
of representing the set of possible 
directions around the listener via four 
loudspeakers8, 26. The National Research 
and Development Corporation has re- 
cently been developing, with the author, a 
two-channel decoding apparatus for 
BMX or RM-encoded sounds, to feed 
four loudspeakers so as to satisfy the 
low frequency criteria shown in Fig. 2, 
and also the mid-high frequency criteria 
described later. 

The three-channel system discovered 

Rp 

Fig. 2. Low-frequency quadraphonic 
localization information available to the 
ears. 
Omnidirectional information: 

U = Ls + Lr + RF + Rb 
x-velocity information: 

X = RealC—Z.B y LF + Rp — Rs) 
y-velocity information: 

Y = Real(LB + Lr - RF - Rs) 
For "live" sounds we must have 

02 = i(X2+ JfJ. 
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Fig. 3. Tetrahedra/loudspeaker layout 
shown embedded in a cube. 

independently by the author10
, Gibson 

et al27 , Eargle28 , Madsen (unpublished) 
and CooperS, is capable of correct low 
frequency results, as is the four-channel 
QMX system~ and the tetrahedral with­
height system of the author6• 

10
• 

29
, which 

is reproduced via the speaker layout of 
Fig. 3. It is also possible to design a 
decoder for discrete recordings so as to 
satisfy all low-frequency requirements. 

It is well known that velocity micro­
phones give an exaggerated bass for very 
close sounds. Because the ears use velocity 
microphone information to localize sounds, 
close loudspeakers modify the directional 
effect at the ears. In particular, 90° out­
of-phase velocity components caused by 
phase shifts are converted to phase 
differences between the ears. This causes 
the very low frequencies of phase-shifted 
sounds to be rotated around the listener. 
This effect has been observed by Bauer 
et aP0 via two speakers, but can be re­
moved electronically. The degree of the 
effect is inversely proportional to loud­
speaker distance. 

Statistical methods may be used to 
apply the above theory to listeners not 
placed in the centre of the loudspeaker 
layout. The details are involved, but give 
results somewhat similar to the mid-high 
frequency theory of sound localization 
described next. 

Mid-high frequency localization 
Above 700Hz, the wavelength of sound 
is sufficiently small that the phase re­
lationships between the loudspeakers are 
no longer of primary importance in sound 
localization. Under these conditions, what 
matters is the directional behaviour of the 
energy field around the listener. It is 
possible to show that, because of the 
positive nature of energy (in the mathemati­
cal sense), one can only exactly recreate 
the energy field of a live sound source 
through a small number of loudspeakers 
if the sound happens to be at the position 
of one of these. Thus at mid and high 
frequencies, not all of the ear's localization 
mechanisms can be satisfied in a practical 
reproduction system. 

However, it is possible to analyse the 
directional energy field into omnidirectional 
and vector components analogous to those 
used for the sound amplitude field at low 
frequencies. If one assumes that the 
effect of head movement is used by the 
brain, these sound energy components 
can be used to estimate the probable 
subjective mid- and high-frequency sound 
direction. For a sound reproduced through 
several speakers, this direction may be 
calculated as the direction of the sum of 
vectors, one pointing at each speaker, 
each having as length the energy of the 
sound from that speaker. Calculations 
using this theory indicate that various 
four-speaker sound reproduction systems 
give the mid-high frequency sound localiza­
tions shown in Fig. 4, which agrees well 
with experimental data26• 

Note that if the number of channels 
equals the number of speakers (as for 
"discrete" and QMX via four speakers), 
then phantom inter-speaker sounds are 
drawn toward the nearest speaker. 
Cooper31• 32 has called this the "detent" 
effect, but it is not significant for his BMX 
(two-channel) or TMX (three-channel) 
systems: A similar " pull" by the speakers 
is found for tetrahedral with-height repro­
duction (Fig. 3), but not when a cube of 
speakers is used. 

The ratio of the length of the above­
defined energy vector to the total re­
produced energy should ideally be unity; 
in practice the larger it is the better 
defined the sound image- it is this that 
makes TMX better than two-channel 
BMX. 

This mid-high frequency theory holds 
only so long as the ears do not have too 
great a directionality in their response 
to sounds. The data of Sivian & 
White17 and Rolls19 on the ear's 
directionality show that above about 
5kHz a new theory is needed. 

Localization above 5KHz 
In 1907, Rayleigh 11 found that when 
the head was stationary the ability to 
distinguish front from rear relied entirely 
on .high frequencies. This has been con­
firmed by Stevens & Ne·.vman14 and 
Roffier & Butler15, who showed that the 
ears could localize sounds in the plane 
of symmetry of the human head quite 
accurately despite the two ears receiving 
the same sound waveform] This ability 
disappeared when the pinnae were masked. 
Conversely, many workers have found 
that dummy head recordings (which in­
corporate the effect of the pinnae's 
acoustic obstruction) give good spatial 
localization when reproduced either via 
headphones or via loudspeakers with the 
pinnae masked33• Perhaps using the ulti­
mate "purist" microphone technique, 
Edmund Rolls of Oxford University has 
made similar recordings using micro­
phones inside the ears of real heads! 

The pinnae loc~lization mechanism is 
not well understood, but appears to rely 
on the fact that sounds from each 
direction arrive inside the listener's ear 
with a distinctive colouration. Thus, if 
we can reproduce that colouration in a 

ideal, BMX & TMX 
QMX w ith full bandwith 
discrete 
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Fig. 4. Perceived localization vs intended 
direction of sounds in degrees, according 
to the mid-high frequency theory of this 
paper, for various systems via a square of 
speakers as in Fig. 2. Triangles indicate 
speaker positions. Q,MX data only applies 
for a full bandwidth system. Compare 
with Figs 19 and 20 of reference 26. 

recording, we can reinforce the sense of 
direction created; to the author's know­
ledge, this has not yet been done in 
surround-sound recordings. 

Reverberation to aid localization 
It is possible to locate sounds more 
accurately in a moderately reverberant 
room than when there is no reverberation. 
Although the mechanism is not under­
stood, it is found that correctly recorded 
reverberation also aids sound localization 
during reproduction34, although poor arti­
ficial reverberation makes the sound 
image more indistinct. The author has 
computed the distribution of reverberation 
energy around the listener given by various 
recording techniques34, and it is found 
that the most accurate sound localization 
is obtained when the energy is uniformly 
distributed, and not concentrated too 
•much in any one direction. 

Thus if a surround-sound system is to 
work optimally, it must be capable of 
capturing all nuances of reverberant sound 
and of reproducing these uniformly around 
the listener. Certain popular commercial 
matrix systems assign the original sound 
field to the two available channels in such 
a discontinuous manners. 9 that these 
criteria cannot be satisfied. "Variable 
matrix" or "logic" decoders, which work 
by pushing the whole sound field towards 
those directions in which the sound is 
momentarily strongest, clearly cannot 
reproduce those nuances of reverberation 
needed by the ears to localize sounds. 
The· "detent" effect of discrete repro­
duction (Fig. 4) also prevents uniformly 
distributed reverberation. 
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Fig. 3. Tetrahedral loudspeaker layout 
shown embedded in a cube. 
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Statistical methods may be used to 
apply the above theory to listeners not 
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results somewhat similar to the mid-high 
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described next. 
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Above 700Hz, the wavelength of sound 
is sufficiently small that the phase re- 
lationships between the loudspeakers are 
no longer of primary importance in sound 
localization. Under these conditions, what 
matters is the directional behaviour of the 
energy field around the listener. It is 
possible to show that, because of the 
positive nature of energy (in the mathemati- 
cal sense), one can only exactly recreate 
the energy field of a live sound source 
through a small number of loudspeakers 
if the sound happens to be at the position 
of one of these. Thus at mid and high 
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and vector components analogous to those 
used for the sonnd amplitude field at low 
frequencies. If one assumes that the 
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each having as length the energy of the 
sound from that speaker. Calculations 
using this theory indicate that various 
four-speaker sound reproduction systems 
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tions shown in Fig. 4, which agrees well 
with experimental data26. 

Note that if the number of channels 
equals the number of speakers (as for 
"discrete" and QMX via four speakers), 
then phantom inter-speaker sounds are 
drawn toward the nearest speaker. 
Cooper31- 32 has called this the "detent" 
effect, but it is not significant for his BMX 
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to sounds. The data of Sivian & 
White17 and Rolls19 on the ear's 
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Localization above 5KHz 
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firmed by Stevens & Newman14 and 
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of symmetry of the human head quite 
accurately despite the two ears receiving 
the same sound waveform! This ability 
disappeared when the pinnae were masked. 
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Edmund Rolls of Oxford University has 
made similar recordings using micro- 
phones inside the ears of real heads! 
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not well understood, but appears to rely 
on the fact that sounds from each 
direction arrive inside the listener's ear 
with a distinctive colouration. Thus, if 
we can reproduce that colouration in a 

ideal. BMX & TMX 
 QMX with full bandwith 
—   discrete 

  
A 
y 

f /f 

D 

■ 
0 30 60 S 0 120 150 IE 

INTENDED DIRECTION 

Fig. 4. Perceived localization vs intended 
direction of sounds in degrees, according 
to the mid-high frequency theory of this 
paper, for various systems via a square of 
speakers as in Fig. 2. Triangles indicate 
speaker positions. QMX data only applies 
for a full bandwidth system. Compare 
with Figs 19 and 20 of reference 26. 

recording, we can reinforce the sense of 
direction created; to the author's know- 
ledge, this has not yet been done in 
surround-sound recordings. 

Reverberation to aid localization 
It is possible to locate sounds more 
accurately in a moderately reverberant 
room than when there is no reverberation. 
Although the mechanism is not under- 
stood, it is found that correctly recorded 
reverberation also aids sound localization 
during reproduction34, although poor arti- 
ficial reverberation makes the sound 
image more indistinct. The author has 
computed the distribution of reverberation 
energy around the listener given by various 
recording techniques34, and it is found 
that the most accurate sound localization 
is obtained when the energy is uniformly 
distributed, and not concentrated too 

1 much in any one direction. 
Thus if a surround-sound system is to 

work optimally, it must be capable of 
capturing all nuances of reverberant sound 
and of reproducing these uniformly around 
the listener. Certain popular commercial 
matrix systems assign the original sound 
field to the two available channels in such 
a discontinuous manner8'9 that these 
criteria cannot be satisfied. "Variable 
matrix" or "logic" decoders, which work 
by pushing the whole sound field towards 
those directions in which the sound is 
momentarily strongest, clearly cannot 
reproduce those nuances of reverberation 
needed by the ears to localize sounds. 
The" "detent" effect of discrete repro- 
duction (Fig. 4) also prevents uniformly 
distributed reverberation. 
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Integrated injection logic 

The development of new techniques in 
circuit integration has apparently been 
concentrated in the field of m.o.s. devices, 
and the amount of information appearing 
in the technical press about m.o.s. has 
tended to obscure the latest arrival on the 
bipolar logic field-integrated injection 
logic (i 2 .l. for short). Its characteristics 
are impressive and it seems set to take over 
from conventional t.t.l. circuitry when pack­
ing density and low power dissipation are 
the essential requirements of a system. 

As a result of the elimination of passive 
components in the basic gate and a reduc­
tion in the number of devices per gate, up 
to 3000 gates can be fabricated in one 
chip- an increase by a factor of ten over 
t.t.l. chips. The speed of i 2 .1. is lower than 
that of t.t .l. (delay around 30ns instead of 
1 Ons) but the speed-power product is only 
about 0.4pJ or less for i1 .l., compared 
with IOOpJ . Cost is lower than in i.cs 
using the m.o.s. technology, particularly 
so as the same chip can contain both 
digital and analogue circuits. 

The circuit takes the form of a radically 
rationalized direct-coupled-transistor-logic 
(d.c.t.l.) element. In the diagram at (a), a 
typical d.c.t.l. gate (on the left) is shown 

(b) 

(a) 

driving one input of two other gates. Re­
arranging the interface gives (b) in the 
drawing, which can be further simplified 
by replacing the base resistor by an active 
current source and by substituting a multi­
collector transistor for those with common 
bases. The result is (c), where the input 
emitter is termed the injector, the whole 
circuit being contained within the area 
of a t.t.l. multi-emitter input transistor. 
The combining of the two base emitter 
junctions of the interface gives protection 
against the effect, when junction voltages 
on different chips differ, of one gate 
monopolizing the current output from the 
previous gate, starving others connected 
in parallel. 

The basic gate can operate at a current 
of around lnA and a logic swing of0.6V, 
which means interface circuits are needed 
between j2 .1. and other logic systems or 
linear devices. Variations of voltage and 
current can be obtained for different 
applications. 

The new logic family can be used in a 
similar range of work as other J.s.i. systems. 
It was originated by Philips at Eindhoven, 
Netherlands, and at about the same time, 
but independently, by IBM at Boblingen. 

injector 

( c ) 
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Weather satellite· ground statio~-2 
Reception of cloud cover pictures; limiter and phase-locked loop system 

by G. R. Kennedy 

- ln an f.m. receiver, the signal limiter 
amplifies the signal so that any amplitude 
variations are minimized, in order that the 
detector may see a constant amplitude 
frequency modulated carrier. All f.m. 
detectors respond to some degree to a.m. 
as well as f.m. The principle of most 
limiters is amplification by a saturation 
amplifier. The process is sometimes re­
ferred to a clipping, although this implies 
a truncated sine output, with Bat-topped 
sinewaves. Ideally, true f.m. receiver 
limiters should produce undistorted sine­
waves. The amplitude variations in the 
i.f. signal may be due to relatively slow 
changes in the received carrier strength 
as well as due to faster impulse noise. The 
input signal, and if. signal strength may 
vary over a wide range, and hence the 
limiter must have a wide dynamic range. 
ln order to limit amplitude changes at 
low signal input levels as well as at high -
levels, considerable gain must precede the 
limiter. A single-transistor limiting stage 
(Fig. 12) will not handle a wide range of 
limiting levels, and several cascaded stages 
must be employed. 

Transistor Tru is biased so that with a 
small input of a few hundred millivolts 
the transistor saturates. The saturation 
knee-voltage may be varied by altering 
R 48 , within the limits imposed by thermal 
runaway. Considerably more efficient 
Limiting can be contrived using one of the 
commercially available integrated circuit 
limiters, made by such manufacturers as 
RCA and Motorola, or by employing an 
i.e. wide band amplifier and limiting the 
output above the knee voltage with diodes. 
Fig. 13 shows the simple connection of 
the RCA CA3076 limiter integrated 
circuit. The pin connections refer to the 
lead numbers of the eight-lead T0-5 
package. The CA3076 will operate up to 
20MHz, and at 10. 7MHz provides 80dB 
voltage gain with a limiting knee above 
50~V input. Fig. 14 shows two wide-band 
amplifiers connected for limiter service. 
The short circuits between 3 and 4, 6 and 
7, and 8 and 9 of each i.e. connect diodes 
internally which limit the output voltage 
to about 25mV for any input voltage 
between 3001JV and 3 volts r.m.s. up to 
30MHz. The overall gain is about lOOdB. 
Phase-lock loop detector 
For weather satellite applications the 
phase-lock loop detector is outstanding in 
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performance6• The a.m. rejection and 
deviation linearity are far better than for 
conventional ratio detectors. Although 
limiters have been described, an integrated 
circuit phase-lock loop detector such as 
the Signetics NE565 does not need elabor­
ate limiting preceding it6, since the a.m. 
rejection is 40dB or so. However, phase­
lock loops built from discrete components, 
such as a synchronized Wien bridge may 
not have such outstanding a.m. rejection. 
The basic block diagram of a phase-lock 
loop is shown in Fig. 15. The p.l.l. is 
a closed-loop servo where the input is a 
frequency signal, the error device is a 

Fig. 11. Crystal filter and associated 
circuitry (see part 1). 

Fig. 12 (left). Single stage limiter. 

Fig. 13. Single i.e. limiter. 
+8 to 12V 

ov 

output 

ov 

phase-sensitive detector (p.s.d.), and the 
feedback path is a voltage-controlled 
oscillator (v.c.o.) fed through a low-pass 
filter which in turn is fed by the error out­
pot after amplification. The output is taken 
froiD the p.s.d. output either before or 
after filtering, depending on whether 
further filtering and buffering is required. 
The sense of the feedback path is such that 
a difference in phase (and hence, instan­
taneously, frequency) between the input or 
reference signal and the v.c.o. or control 
frequency, produces an output which 
alters the v.c.o. frequency to reduce the 
error. Since the phase detector is a sum-
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detectors respond to some degree to a.m. 
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limiter. A single-transistor limiting stage 
(Fig. 12) will not handle a wide range of 
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knee-voltage may be varied by altering 
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runaway. Considerably more efficient 
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commercially available integrated circuit 
limiters, made by such manufacturers as 
RCA and Motorola, or by employing an 
i.e. wide band amplifier and limiting the 
output above the knee voltage with diodes. 
Fig. 13 shows the simple connection of 
the RCA CA3076 limiter integrated 
circuit. The pin connections refer to the 
lead numbers of the eight-lead TO-5 
package. The CA3076 will operate up to 
20MHz, and at 10.7MHz provides 80dB 
voltage gain with a limiting knee above 
SOpV input. Fig. 14 shows two wide-band 
amplifiers connected for limiter service. 
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7, and 8 and 9 of each i.e. connect diodes 
internally which limit the output voltage 
to about 25mV for any input voltage 
between 300pV and 3 volts r.m.s. up to 
30MHz. The overall gain is about IOCkJB. 
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For weather satellite applications the 
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performance6. The a.m. rejection and 
deviation linearity are far better than for 
conventional ratio detectors. Although 
limiters have been described, an integrated 
circuit phase-lock loop detector such as 
the Signetics NE565 does not need elabor- 
ate limiting preceding it6, since the a.m. 
rejection is 40dB or so. However, phase- 
lock loops built from discrete components, 
such as a synchronized Wien bridge may 
not have such outstanding a.m. rejection. 
The basic block diagram of a phase-lock 
loop is shown in Fig. 15. The p.1.1. is 
a closed-loop servo where the input is a 
frequency signal, the error device is a 

phase-sensitive detector (p.s.d.), and the 
feedback path is a voltage-controlled 
oscillator (v.c.o.) fed through a low-pass 
filter which in turn is fed by the error out- 
put after amplification. The output is taken 
from the p.s.d. output either before or 
after filtering, depending on whether 
further filtering and buffering is required. 
The sense of the feedback path is such that 
a difference in phase (and hence, instan- 
taneously, frequency) between the input or 
reference signal and the v.c.o. or control 
frequency, produces an output which 
alters the v.c.o- frequency to reduce the 
error. Since the phase detector is a sum- 
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Fig. 14. Two-integrated 
circuit wideband ampli­
fier used as limiters. 
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and-difference device much the same as 
the mixer in a superheterodyne receiver, 
there are sum-and-difference products pro­
duced at the p.s.d. output. The low-pass 
filter removes the higher frequency com­
ponent, and allows an l.f. error voltage 
to drive the v.c.o. If the loop is in lock with 
a constant frequency reference, and the 
reference changes in frequency, the v.c.o. 
will change frequency in sympathy. If the 
reference input is frequency modulated, 
then, the p.s.d. output will vary with the 
reference frequency modulating frequency. 
The p.s.d. output can be made extremely 
linear with error and hence f.m. deviation, 
so that the p.s.d. output is an accurate 
f.m.-detected output signal. The phase­
sensitive detector cannot have an infinite 
bandwidth. There comes a point where 
the frequency difference between the ref­
erence and v.c.o. frequencies is so large 
that the loop is not in lock, and the v.c.o. 
runs at its natural frequency f.. As the 
reference frequency approaches the v.c.o. 
frequency at a given point the loop will 
lock up and the v.c.o. will run at the 
reference input frequency. This will happen 
at the same difference frequency, higher or 
lower, than the v.c.o. natural frequency. 
The difference between these frequencies 
is called the "capture range". This is 
shown diagrammatically in Fig. 16. There is 
frequency hysteresis in the p.l.l. operation 
so that if the reference frequency alters 
away from f. , the loop will remain in 

lock beyond the capture point frequencies. 
The difference between the point where a 
locked loop will lose lock for an increas­
ing or decreasing frequency from f. 
is the "tracking" or "Jock range". This is 
shown in Fig. 1'7. It then follows that as an 
input frequency sweeps high-to-low or 
low-to-high, the locking of the loop will 
not be symmetrical about.fn (Fig. 18). The 
apparent asymmetrical operation of the 
loop is important when the bandwidth of 
the receiver and the likely Doppler shift 
of the satellite received frequency are 
considered. If the receiver bandwidth is 
insufficient, the phase-lock loop may drop 
back at an extreme of carrier frequency 
deviation. This will cause the v.c.o to re­
turn to /., , and lock will not be required 
until the deviation has returned through 
the appropriate capture point. There is 
therefore a longer period of dropped lock 
- and hence picture deterioration- than 
might be thought by simply regarding the 
tracking range. The capture range should 
be sufficient to lock on the expected 
satellite frequency deviation plus Doppler, 
but not too wide to allow transient lock on 
very strong out-of-channel signals which 
may break through even the narrow band­
width i.f. amplifier stage. The use of the 
p.I.J. has an unexpected advantage when 
receiving grossly fading signals: if the loop 
does drop lock, the return of the v.c.o. to 
f. causes the picture display to return to 
mid grey. This is the least conspicuous 
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Fig. 16. Phase-locked loop capture range 
(a) reference frequency rising (b) reference 
frequency falling (c) resultant capture 
range. The v.c.o. natura/frequency is f.. 

tone for picture interference. 
A practical circuit, using a Signetics 

NE565 p.l.l. for an i.f. of 470kHz, is 
shown in Fig. 19. Here a single-rail supply 
is used, with appropriate· biasing of the 
differential input, pins 2 and 3. The input 
is 470kHz deviated at a rate of 2.4kHz 
and may be to either of the input terminals 
for optimum a.m. rejection. The input for 
the NE565 should not exceed 400mV. 
Pins 8 and 9 set the v.c.o. frequency. 
Frequency f. is given approximately by 

1·2 [.----where 
4R 5 C 1 

f is in Hz, R in ohms, C in farads. Resistor 
R 5 is usually set to be below 20k0, and 
ideally at 4k0. Capacitor C; decouples 
some of the input frequency from the out­
put, which is taken from pin 7 and c6 
decouples the supply at the device pins, c4 
is the loop filter capacitor and sets the 
capture range of the loop. 

Fig. 20 shows typical values of C4 

for an NE565 p.l.l. operating at 470kHz. 
For a 470kHz input at 300mV ·pk to pk 
deviated ± 10kHz the output at pin 7 
is approximately 30m V pk to pk with a 
considerable amount of 470kHz output, 
wh ich must be filtered out. Fig. 21 shows a 
two-stage 2.4kHz filter. The performance 
is as follows: input 30mV pk to pk; output 
at max. gain setting 7.5V pk to pk at 
2.4kHz; overall gain 47dB; bandwidth 
I. 9kHz: 3dB points I. 2kHz, 3.1 kHz. 
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Fig. 14. Two-integrated 
circuit wideband ampli- 
fier used as limiters. 
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Fig. 16. Phase-locked loop capture range 
(a) reference frequency rising (b) reference 
frequency falling (c) resultant capture 
range. The v.c.o. natural frequency is fr. 

and-difference device much the same as 
the mixer in a superheterodyne receiver, 
there are sum-and-difference products pro- 
duced at the p.s.d. output. The low-pass 
filter removes the higher frequency com- 
ponent, and allows an l.f. error voltage 
to drive the v.c.o. If the loop is in lock with 
a constant frequency reference, and the 
reference changes in frequency, the v.c.o. 
will change frequency in sympathy. If the 
reference input is frequency modulated, 
then, the p.s.d. output will vary with the 
reference frequency modulating frequency. 
The p.s.d. output can be made extremely 
linear with error and hence f.m. deviation, 
so that the p.s.d. output is an accurate 
f.m.-detected outpnt signal. The phase- 
sensitive detector cannot have an infinite 
bandwiddi. There comes a point where 
the freqnency difference between the ref- 
erence and v.c.o. frequencies is so large 
that the loop is not in lock, and the v.c.o. 
runs at its natural frequency f. As the 
reference frequency approaches the v.c.o. 
frequency at a given point the loop will 
lock up and the v.c.o. will run at the 
reference input frequency. This will happen 
at the same difference frequency, higher or 
lower, than the v.c.o. natural frequency. 
The difference between these frequencies 
is called the "capture range". This is 
shown diagrammatically in Fig. 16. There is 
frequency hysteresis in the p.l.I. operation 
so that if the reference frequency alters 
away from f, the loop will remain in 

lock beyond the capture point frequencies. 
The difference between the point where a 
locked loop will lose lock for an increas- 
ing or decreasing frequency from f 
is the "tracking" or "lock range". This is 
shown in Fig. 17. It then follows that as an 
input frequency sweeps high-to-low or 
low-to-high, the locking of the loop will 
not be symmetrical about f (Fig. 18). The 
apparent asymmetrical operation of the 
loop is important when the bandwidth of 
the receiver and the likely Doppler shift 
of the satellite received frequency are 
considered. If ihe receiver bandwidth is 
insufficient, the phase-lock loop may drop 
back at an extreme of carrier frequency 
deviation. This will cause the v.c.o to re- 
turn to f, and lock will not be required 
until the deviation has returned through 
the appropriate capture point. There is 
therefore a longer period of dropped lock 
—and hence picture deterioration—than 
might be thought by simply regarding the 
tracking range. The capture range should 
be sufficient to lock on the expected 
satellite frequency deviation plus Doppler, 
but not too wide to allow transient lock on 
very strong out-of-channel signals which 
may break through even the narrow band- 
width i.f. amplifier stage. The use of the 
p.l.I. has an unexpected advantage when 
receiving grossly fading signals: if the loop 
does drop lock, the return of the v.c.o. to 
f„ causes the picture display to return to 
mid grey. This is the least conspicuous 

tone for picture interference. 
A practical circuit, using a Signetics 

NE565 p.1.1. for an i.f. of 470kHz, is 
shown in Fig. 19. Here a single-rail supply 
is used, with appropriate biasing of the 
differential input, pins 2 and 3. The input 
is 470kHz deviated at a rate of 2.4kHz 
and may be to either of the input terminals 
for optimum a.m. rejection. The input for 
the NE565 should not exceed 400mV. 
Pins 8 and 9 set the v.c.o. frequency. 
Frequency /„ is given approximately by 

/is in Hz, R in ohms, C in farads. Resistor 
R5 is usually set to be below 20kO, and 
ideally at 4kO. Capacitor C3 decouples 
some of the input frequency from the out- 
put, which is taken from pin 7 and C6 
decouples the supply at the device pins, C4 
is the loop filter capacitor and sets the 
capture range of the loop. 

Fig. 20 shows typical values of C4 
for an NE565 p.1.1. operating at 470kHz. 
For a 470kHz input at 300mV pk to pk 
deviated + 10kHz the output at pin 7 
is approximately 30mV pk to pk with a 
considerable amount of 470kHz output, 
which must be filtered out. Fig. 21 shows a 
two-stage 2.4kHz filter. The performance 
is as follows: input 30mV pk to pk; output 
at max. gain setting 7.5 V pk to pk at 
2.4kHz; overall gain 47dB; bandwidth 
1.9kHz: 3dB points 1.2kHz, 3.1kHz. 
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Fig. 19. Practical phase-locked loop 
circuitry. 
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Components list 
Resistors-R 
Fig. 11. 38 !8k 

39 3.3k 
40 330 
41 820 
42 2.2k 
43 680 
44 l5k 
45 IOk 
46 lk 
47 I.8k 

Fig. 12. 48 82k 
49 lk 

Fig. 13. 50 2.7k 
Fig. 14. 51 100 

52 5.6k 
Fig. I9. 53 IOk 

54 4.7k 
Capacitors-C 
Fig. 1 1. 43 In 

44 In 
45 ln 
46 ln 
47 18p 
48 '18p 
49 In 
50 5n 
51 5.6p 
52 20p* 
53 IOn 
54 !On 

Fig. 12. 5S JOn 
57 IOn 

Fig. 13. 58 !On 
59 !On 
60 !On 

Inductors-L 

55 lk 
56 lk 
57 5k 

Fig. 21. 58 680 

59 IOk 
60 10k 
61 680 
62 250k 
63 IOk 
64 10k 
65 lOk 
66 !Ok 
67 Ik 
68 IOk 
69 lk 
70 
71 !Ok 

Fig. 14. 61 
' 62 
63 
64 
65 
66 

Fig. I9. 67 
68 
69 
70 
71 
72 

Fig. 21. 73 
74 
75 
76 
77 
78 
79 

IOn 
!On 
IOn 
!On 
!On 
20p* 
1.5n 
150p 
ln 
IOn 

JOn 
IOn 
l50p 
22n 
IOn 
JOn 
lOOp 
0.11J 

Fig. 11. 15 0.05 *link coupling 
. 16 0.5 * 

17 10 total tapped one-third 
way up 

Fig. 14. 19 Self-resonant at i.f. frequency 
20 Self-resonant at i.f. frequency 
21 IO* 

*Value depends on circuit tuning 
Transistors-Tr 
Fig. II. 12 BSX20 

l3 BSX20 
Fig. 12. 14 BSX20 
Crystal filter 
Fig. 11. ITT Ol5AD or 901AM or similar 

for 10.7MHz 
Integrated circuit 
Fig. 13. 1 CA3076 
(To be concluded) 

Reference 
6. Signetics Linear Phase Locked Loops 
Application Book, Signetics International Cor· 
poration, Yeoman House, 63 Croydon Road, 
London SE20. 
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Fig. 21. Two stage 2.4kHz filter. 

Components list 
Resistors—R 
Fig. 11. 38 18k 

39 3.3k 
40 330 
41 820 
42 2.2k 
43 680 
44 !5k 
45 10k 
46 Jk 
47 I.8k 

Fig. 12. 48 82k 
49 Ik 

Fig. 13. 50 2.7k 
Fig. 14. 51 100 

52 5.6k 
Fig. 19. 53 10k 

54 4.7k 
Capacitors—C 
Fig. 11. 43 In 

44 In 
45 In 
46 In 
47 18p 
48 ISp 
49 In 
50 5n 
51 5.6p 
52 20p* 
53 lOn 
54 lOn 

Fig. 12. 55 !0n 
57 lOn 

Fig. 13. 58 lOn 
59 lOn 
60 lOn 

Inductors—L 

55 Ik 
56 Ik 
57 5k 

Fig. 21. 58 680 

59 10k 
60 10k 
61 680 
62 250k 
63 10k 
64 10k 
65 10k 
66 10k 
67 Ik 
68 10k 
69 Ik 
70 
71 10k 

Fig. 14. 61 lOn 
62 lOn 
63 lOn 
64 lOn 
65 lOn 
66 20p* 

Fig. 19. 67 1.5n 
68 150p 
69 In 
70 lOn 
71 
72 I On 

Fig. 21. 73 lOn 
74 150p 
75 22n 
76 lOn 
77 lOn 
78 lOOp 
79 O.lp 

Fig. 11. 15 0.05 * link coupling 
16 0.5* 
17 10 total tapped one-third 

way up 
Fig. 14. 19 Self-resonant at i.f. frequency 

20 Self-resonant at i.f. frequency 
21 10* 

* Value depends on circuit tuning 
Transistors—Tr 
Fig. II. 12 BSX20 

13 BSX20 
Fig. 12. 14 BSX20 
Crystal Alter 
Fig. 11. ITT 015AD or 901AM or similar 

for 10.7MHz 
Integrated circuit 
Fig. 13. 1 CA3076 
(To be concluded) 
Reference 
6. Signetics Linear Phase Locked Loops 
Application Book, Signetics Internadonal Cor- 
poration, Yeoman House, 63 Croydon Road, 
London SE20. 
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REI3 
A digital clock and calendar 
Part 3. Concluding the clock calendar project_ with leap-year logic 
and a ·power supply design 
by J . K. F\ Nasworthy a·nd N.J. Roffe 

Fig. 10 shows the circuitry for the years 
counter and the associated leap-year logic. 
The years counter itself is straightforward, 
consisting of four sequential decade counters 
JC 13_16 • Drive IS of course derived from 
the output of the months section. Reset is 
to 0000, presenting no problems, and this 
is actuated conventionally from the terminal 
output. 

Leap-year detection follows the principles 
already set forth. Reviewing these, it will be 
seen that it is necessary to examine the last 
two digits of the year in order to decide 
whether or not the year is an ordinary leap· 
year, and all four digits in the event that the 
last two are OO(century)in order to decide a 
century leap-year. For the first and third 
digits, to cover all contingencies, all possible 

ye011rs 
input 

IC13 
7490 

ICu 
'7-470 

rc,s 
7490 

I 

06 

I 
I 

digits from 0-9 need to be examined; for 
the second and fourth digits, only even 
numbers (including 0) need to be examined. 

Examination of the year being displayed 
is by the array of NAND gates IC20-2s so 
far as the last two year digits are concerned 
(i.e. examination for ordinary leap-years) 
and by a duplication of these to deal with 
the first two digits for century leap-years. 
AU these gates are fed either direct from the 
binary-coded outputs of the years counters, 
or via inverters lC17_19 , according to their 
particular logic requirements. Breaking the 
gates down into groups, IC20-22 deal with 
the fourth digit; an output being passed by 
IC20 (a) or (b) for a 0 or a 4 respectively; 
1C21 (a) or {b) for a 8 or a 2; IC12 (a) for a 6. 
The output in each case, if it occurs, is a 

A 

'~· ---------~--------------;=/~-
r epeat circuit ry 

for century leap year 
using 

A7 ,B7,Cr ,D7>A8 ... .. 

low, and this is inverted by ICJJ to ahigh 
before being passed to an input of IC14 or 
IC25 • IC24 and IC25 repeat the screening 
process on the third digit; if this is odd;it 
will enable, via the A6 output from lC14 , 

both IC24 (d) and IC15 (a); so that if a fourth­
digit 2 or 6 has been screened through by 
IC2 1 (b) or IC22 (a) an output will be derived 
from !Cum . Similarly, if the third digit is 
even, the AO output from IC,. via IC17 will 
enable IC21 (a, b, c); so that if a fourth-digit 
0, 4, 8 has been screened through by IC20 

(a) or (b) again an output will be derived 
from IC24 • In each case the output from 
IC24 or JC2s will bealogicO; and since these 
are open-collector i.cs with a common 
collector load R 5 , wired-OR logic applies 
so that the input of invertor !C11 will be 
driven to logic 0. 

A final piece of detection must be applied 
to the last two digits of the year; that is the 
detection of a specific 00. This must be 
detected if it occurs in order that the. 
''repeat" circuitry for scanning the first two 
digits may be actuated in the case of a 
century leap-year. This is done by IC26 , 

an 8-input NAND gate fed with the appro­
priate outputs of counters IC1s and IC16 • 

If the output from IC 16 is favourable, it 
enables (after suitable inversion) the top 
gate of IC25 to accept a signal from the first 
two digits screening circuitry, indicating 
the presence of a century leap-year. If IC26 

output is unfavourable, it wiU leave the 
second gate .of IC25 in operation so as to 
allow an output through from the last two 

Re 
680 

Jeapyear 
to c-3 •;ande-r fog•c 

ov 

Fig. 10. "Years" counter and "leap-year" 
logic. Gates are identifwdfrom the top of 
the diagram, e.g. JC10(•J is assoCiated with 
"0" and IC21(bJ with "2". The input A to 
!Cu. JS is A6 from IC14 • 
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PROJECT 

A diaital clock and calendar 

Part 3. Concluding the clock calendar project with leap-year logic 

and a power supply design 

by J. K. F. Nosworthy and N. J. Roffe 

Fig. 10 shows the circuitry for the years 
counter and the associated leap-year logic. 
The years counter itself is straightforward, 
consisting of four sequential decade counters 
ICi3-M- Drive is of course derived from 
the output of the months section. Reset is 
to 0000, presenting no problems, and this 
is actnated conventionally from the terminal 
output. 

Leap-year detection follows the principles 
already set forth. Reviewing these, it will be 
seen that it is necessary to examine the last 
two digits of the year in order to decide 
whether or not the year is an ordinary leap- 
year, and all four digits in the event that the 
last two are 00 (century) in order to decide a 
century leap-year. For the first and third 
digits, to cover all contingencies, all possible 

digits from 0-9 need to be examined; for 
the second and fourth digits, only even 
numbers (including 0) need to be examined. 

Examination of the year being displayed 
is by the array of NAND gates IC!0-!5 so 
far as the last two year digits are concerned 
(i.e. examination for ordinary leap-years) 
and by a duplication of these to deal with 
the first two digits for century leap-years. 
All these gates are fed either direct from the 
binary-coded outputs of the years counters, 
or via inverters , according to their 
particular logic requirements. Breaking the 
gates down into groups, IC20-22 deal with 
the fourth digit; an output being passed by 
IC20 (a) or (b) for a 0 or a 4 respectively; 
IC;, (a) or (b) for a 8 or a 2; /C22 (a) for a 6. 
The ontput in each case, if it occurs, is a 

nr. jt 

ic2- 
7401 

=■ C5- - 

5 -r- 

7404- nput 7420 
A? leap year 

As 

74<: 

c> 35 C 5  
IC-,9 7404 

repeat circuitry for century leap yea using 
A7)B7p7>D7'Aa 

AsBsCsDg 

AfiBfiCeO 

IC 

low, and this is inverted by IC21 to a high 
before being passed to an input of /C2< or 
IC22 - IC,, and }C25 repeat the screening 
process on the third digit; if this is odd, it 
will enable, via the A6 output from ICN, 
both IC?, (d) and /C25 (a); so that if a fourth- 
digit 2 or 6 has been screened through by 
IC?, (b) or 1C22 (a) an output will be derived 
from IC24/25 ■ Similarly, if the third digit is 
even, the AS"output from IC,, via ICI7 will 
enable /C?J (a, b, c); so that if a fourth-digit 
0, 4, 8 has been screened through by IC!0 
(a) or (b) again an output will be derived 
from IC?, ■ In each case the output from 
IC?, or fC2! will be a logic 0; and since these 
are open-collector i.es with a common 
collector load R 5, wired-OR logic applies 
so that the input of invertor IC?; will be 
driven to logic 0. 

A final piece of detection must be applied 
to the last two digits of the year; that is the 
detection of a specific 00. This must be 
detected if it occurs in order that the 
"repeat" circuitry for scanning the first t%vo 
digits may be actuated in the case of a 
century leap-year. This is done by /C2([, 
an 8-input NAND gate fed with the appro- 
priate outputs of counters IC,S and /C,6. 
If the output from IC?/, is favourable, it 
enables (after suitable inversion) the top 
gate of IC25 to accept a signal from the first 
two digits screening circuitry, indicating 
the presence of a century leap-year. If/C2S 
output is unfavourable, it will leave the 
second gate of IC?? in operation so as to 
allow an output throngh from the last two 

tVcc 5V 
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IC16 Bs 
'490 

Cs 
Ds 
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leap year 
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Fig. 10. "Years" counter and "leap-year" 
logic. Gates are identified from the top of 
the diagram, e.g. IC10<a) is associated with 
"O" and IC2Ilb) with "2". The input A to 

is A 6 from IC,,. 
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digits screening circuitry, for indication 
of ordinary leap-year. In either case, which­
ever gate a signal comes through, it will 
cause a resultant output of logic 0 since 
again IC2s is an open-collector type and the 
common collector resistor R 6 gives 
wired-OR logic. 

Finally, the resultant leap-year signal is 
inverted by IC,9 to give a high, and this is 
used both to drive the alternative February 
line on the ROM matrix (see Fig. 9) and 
to drive TR1 for illumination of the l.e.d. 
which indicates a leap-year. (TR1 is inter­
posed between IC19 output and the l.e.d. 
because the direct output from IC19 would 
not give sufficient brightness owing to its 
current-sink limitations-an alternative, 
if any spare sections of i.cs were available, 
would be to parallel several of them up to 
increase the current availability.) 

Main power supply 
The circuit for this is given in Fig, 11. The 
principle adopted is that the function of 
the main power unit is to produce a minimal 
24V supply, thoroughly smoothed as 
regards mains ripple and major supply 
transients but not necessarily precision­
regulated. This supply is fed to the various 
units, and these each contain their own 
on-card i.e. regulators, providing for each 
unit a precisely regulated supply rail which 
is readily adjustable to individual unit 
requirements. This two-stage approach also 
ensures really efficient inter-unit decoupling 
which, as any user of digital i.cs has doubt· 
less found out the hard way, is absolutely 
vital! 

Two separate outputs are in fact pro­
vided; the reason being that, on considering 
the requirements for the stand-by battery 
facility, it is found that several portions of 
the clock do not have to be kept powered 
during a mains power cut. These are 
principally the nixie decoder/drivers, whjch 
consume quite a fair amount of current, 
also various ancillary portions such as the 
BBC accuracy comparator. The display 
itself can also be dispensed with during a 
power cut; and obviousl~ese economies 

to crystal oven 

u 

are desirable in order to lengthen stand-by 
battery life. The 24 V output is therefore 
split into one line which must always be 
kept alive, i.e. backed up by the batteries, 
and one which is powered solely from the 
mains. The two outputs are respectively 
labelled (2) and (1). 

For the stand-by battery supply, man­
ganese dry-cells are used. Rechargeable 
batteries were considered, but lead-acid 
was thought to be too messy and labour­
demanding and alkaline cells, which would 
have been ideal as they could have been 
left on permanent floating charge, were 
unfortunately ruled out by expense. Since, 
therefore, a floating-charge principle cannot 
be used, it was necessary to devise a chang~ 
over system which would operate in the 
event of main failure; and for this we have 
adopted the principle of steering diodes. 
The mains-fed supply is arranged to be of 
slightly higher voltage than that from the 
batteries, and the two are commoned via 
diodes (D3 , D 4 ). Under mains operation, 
therefore, the diode in the battery line will 
be reverse-biased, so that no current flows 
from the batteries, whilst the one in the 
mains-fed line will conduct. In the event 
of mains failure or serious mains under­
voltage, the situation is reversed; the battery 
series diode supplying output current and 
the mains-fed diode preventing this from 
flowing back through the rectifier circuit. 
The principle is simple, foolproof and gives, 
of course, an instantaneous changeover. 
The only precaution which must be observed 
during design and initial set-up procedure 
is to ensure that the voltage limits are fairly 
carefully set so that, whilst the battery diode 
is held firmly off by the over-voltage of the 
mains-fed supply, this over-voltage is not 
so large as to give rise to an unmanageable 
falling transient as the batteries cut in. A 
point which is not perhaps immediately 
obvious in this connection is that the mains­
fed supply must be substantially free from 
ripple, as otherwise its instantaneous voltage 
becomes a variable- hence the necessity 
for including a series regulator (TR 1 ) in the 
mains-fed supply line. 

output 1 outcut 2 
+ + 

Fig. 11. Main power supply, with battery-condition indicator. 
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The standing drain from the batteries is 
very small, and their shelf life is long; but 
it was thought nevertheless desirable to 
provide a warning indication of when they 
were becoming exhausted. This is done by 
a 709 op-amp which continually compares 
the battery voltage with that set by a refer­
ence zener D1 fed from the mains-operated 
supply. Preset R4 adjusts this refer-ence 
voltage to the level at which it is desired 
that warning shall be given (this can be 
decided on by reference to the battery 
manufacturer's data- we have actually 
decided on 20.5V). Whilethebatteryvoltage 
is above this Jevel, a positive output is 
derived from the op-amp which turns TR 2 
on and illuminates LP1 • When, however, 
the battery voltage falls below that selected 
by R4 , theop-ampoutputswingstonegative, 
TR 1 cuts off, turning on TR 3 which lights 
LP3 • We used the 709 op-amp in preference 
to the more obvious 710voltage-comparator 
because we found the latter to be trouble­
some during the changeover period, which 
is of course very slow- the 710 tended to 
give parasitic oscillations during this time. 
The 709 is used on open-loop gain and the 
1 OO!JF used as output frequency compen­
sator gives the necessary slight hysteresis. 
The back-to-back zeners strapped across 
the op-amp inputs merely limit the maximum 
input voltage in either direction to a safe 
level. The op-amp and its circuitry are fed 
from the 24V line by a 15V regulator, since 
24V is considerably higher than its 
maximum V, rating. In this application, 
the provision of a negative op-amp supply 
rail is not necessary, and the - V, connec­
tion is simply grounded. 

Switch S 3 is provided so that the opera­
tion of the comparator circuit may be 
checked from time to time. In its normal 
position (up) it supplies battery voltage to 
the op-amp, as described above. Depressed, 
it supplies instead an auxiliary reference 
voltage derived from D 2 by Rs. This is set 
to be slightly lower than the voltage from 
R4 , so that it simulates a low battery 
voltage and operates the warning indicator. 

To save stand-by battery current during 
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digits screening circuitry, for indication 
of ordinary leap-year. In either case, which- 
ever gate a signal comes through, it will 
cause a resultant output of logic 0 since 
again fC2s is an open-collector type and the 
common collector resistor R6 gives 
wired-OR logic. 

Finally, the resultant leap-year signal is 
inverted by ICI9 to give a high, and this is 
used both to drive the alternative February 
line on the ROM matrix (see Fig. 9) and 
to drive TR, for illumination of the l.e.d. 
svhich indicates a leap-year. (TR, is inter- 
posed between ICl9 output and the l.e.d. 
because the direct output from /Ci5, would 
not give sufficient brightness owing to its 
current-sink limitations—an alternative, 
if any spare sections of i.cs were available, 
would be to parallel several of them up to 
increase the current availability.) 

Main power supply 
The circuit for this is given in Fig. 11. The 
principle adopted is that the function of 
the main power unit is to produce a minimal 
24V supply, thoroughly smoothed as 
regards mains ripple and major supply 
transients but not necessarily precision- 
regulated. This supply is fed to the various 
units, and these each contain their own 
on-card i.e. regulators, providing for each 
unit a precisely regulated supply rail which 
is readily adjustable to individual unit 
requirements. This two-stage approach also 
ensures really efficient inter-unit decoupling 
which, as any user of digital i.cs has doubt- 
less found out the hard way, is absolutely 
vital! 

Two separate outputs are in fact pro- 
vided; the reason being that, on considering 
the requirements for the stand-by battery- 
facility, it is found that several portions of 
the clock do not have to be kept powered 
during a mains power cut. These are 
principally the nixie decoder/drivers, which 
consume quite a fair amount of current, 
also various ancillary portions such as the 
BBC accuracy comparator. The display 
itself can also be dispensed with during a 
power cut; and obviously "these economies 

are desirable in order to lengthen stand-by 
battery life. The 24V output is therefore 
split into one line which must always be 
kept alive, i.e. backed up by the batteries, 
and one which is powered solely from the 
mains. The two outputs are respectively 
labelled (2) and (1). 

For the stand-by battery supply, man- 
ganese dry-cells are used. Rechargeable 
batteries were considered, but lead-acid 
was thought to be too messy and labour- 
demanding and alkaline cells, which would 
have been ideal as they could have been 
left on permanent floating charge, were 
unfortunately ruled out by expense. Since, 
therefore, a floating-charge principle cannot 
be used, it was necessary to devise a change- 
over system which would operate in the 
event of main failure; and for this we have 
adopted the principle of steering diodes. 
The mains-fed supply is arranged to be of 
slightly higher voltage than that from the 
batteries, and the two are commoned via 
diodes CD,, D4). Under mains operation, 
therefore, the diode in the battery line will 
be reverse-biased, so that no current flows 
from the batteries, whilst the one in the 
mains-fed line will conduct. In the event 
of mains failure or serious mains under- 
voltage, the situation is reversed; the battery 
series diode supplying output current and 
the mains-fed diode preventing this from 
flowing back through the rectifier circuit. 
The principle is simple, foolproof and gives, 
of course, an instantaneous changeover. 
The only precaution which must be observed 
during design and initial set-up procedure 
is to ensure that the voltage limits are fairly 
carefully set so that, whilst the battery diode 
is held firmly off by the over-voltage of the 
mains-fed supply, this over-voltage is not 
so large as to give rise to an unmanageable 
falling transient as the batteries cut in. A 
point which is not perhaps immediately 
obvious in this connection is that the mains- 
fed supply must be substantially free from 
ripple, as otherwise its instantaneous voltage 
becomes a variable—hence the necessity 
for including a series regulator (TR,) in the 
mains-fed supply line. 
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The standing drain from the batteries is 
very small, and their shelf life is long; but 
it was thought nevertheless desirable to 
provide a warning indication of when they 
were becoming exhausted. This is done by 
a 709 op-amp which continually compares 
the battery voltage with that set by a refer- 
ence zener D2 fed from the mains-operated 
supply. Preset R4 adjusts this reference 
voltage to the level at which it is desired 
that warning shall be given (this can be 
decided on by reference to the battery 
manufacturers data—we have actually 
decided on 20.5V). While the battery voltage 
is above this level, a positive output is 
derived from the op-amp which turns TR, 
on and illuminates LP2. When, however, 
the battery voltage falls below that selected 
by R4 , the op-amp output swings to negative, 
TR, cuts off, turning on TRj which lights 
LP]. We used the 709 op-amp in preference 
to the more obvious 710 voltage-comparator 
because we found the latter to be trouble- 
some during the changeover period, which 
is of course very slow—the 710 tended to 
give parasitic oscillatious during this time. 
The 709 is used on open-loop gain and the 
lOOpF used as output frequency compen- 
sator gives the necessary slight hysteresis. 
The back-to-back zeners strapped across 
the op-amp inputs merely limit the maximum 
input voltage in either direction to a safe 
level. The op-amp and its circuitry are fed 
from the 24V line by a I5V regulator, since 
24V is considerably higher than its 
maximum Vs rating. In this application, 
the provision of a negative op-amp supply 
rail is not necessary, and the — Vs connec- 
tion is simply grounded. 

Switch Sj is provided so that the opera- 
tion of the comparator circuit may be 
checked from time to time. In its normal 
position (up) it supplies battery voltage to 
the op-amp, as described above. Depressed, 
it supplies instead an auxiliary reference 
voltage derived from D; by R5. This is set 
to be slightly lower than the voltage from 
R4, so that it simulates a low battery 
voltage and operates the warning indicator. 

To save stand-by battery current during 

output 1 
9+ 

to crystal oven 

►i 
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V 

if , 240 V 50 Hz 
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Fig. 11. Main power supply, with battery-condition indicator. 
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power cuts, the indicator circuitry could be 
fed from output (1) instead of from output 
(2). However, if this is done LP2 will not be 
illuminated during a power cut, neither 
will any other indicator; and since the display 
will also be ofT, there will be no indication 
that the clock is functioning at all. We 
thought this to be undesirable. 

The main power supply feeds all the 
units except the nixie display and the 
BBC ·accuracy monitor. For the former, 
the usual 180V is required, with no stand­
by battery facility; we do not give the circuit 
here since it presents no difficulty. (It is, 
however, interesting to note in passing that 
our solution for the regulation requirement 
was the use of a good old-fashioned cathode 
follower- solid-state circuitry still has a 

Fig. 73. Temperature controller 
for crystal. 

+5V 
F output 

-o 

Fig. 12. Circuit of high-current SV 
regulator for on-card use. 

few outposts to conquer!) For the latter, 
again no stand-by facility is required; and 
since it requires a dual-rail supply for its 
op-amp, we found it simplest to power it 
via a small separate on-card supply, using 
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a sub-miniature mains transformer and an 
MC 1468 dual-tracking regulator. 

For remaining on-card regulation of 
the 5V logic rails, either LM309K potted 
regulators have been used or, where higher 
output current is required, the circuit 
shown in Fig. 12. The theoretical maximum 
current available from this circuit is 2A, 
representing a dissipation in the series 
transistor of 40W, but practical limitations 
of heat-sink restrict this to about 1.5A. 
It should be noted that the output voltage 
control R 4 is used to tap down the zener 
reference source instead of, as is more 
usual, the output voltage-this not only 
gives better stability, since errors in output 
voltage are not attenuated before being fed 
back, but it also allows the use of a 5.6V 

output 

+ 24V 

switch 
(thermostat ) 

Dn 

ov 
common 

r---------------------------------<) load~--------------------------------~ 

Fig. 14. Mains-driven oscilkilor 
case-temperature controller. 

(250W) 
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power cuts, the indicator circuitry could be 
fed from output (1) instead of from output 
(2). However, if this is done LP2 will not be 
illuminated during a power cut, neither 
will any other indicator; and since die display 
will also be off, there will be no indication 
that the clock is functioning at all. We 
thought this to be undesirable. 

The main power supply feeds all the 
units except the nixie display and the 
BBC accuracy monitor. For the former, 
the usual 180V is required, with no stand- 
by battery facility; we do not give the circuit 
here since it presents no difficulty. (It is, 
however, interesting to note in passing that 
our solution for the regulation requirement 
was the use of a good old-fashioned cathode 
follower—solid-state circuitry still has a 

+25/ Output 

OOkJPOOH 
Ts-ev rj 

-o 

Fig. 12. Circuit of high-current 5 V 
regulator for on-card use. 

few outposts to conquer!) For the latter, 
again no stand-by facility is required; and 
since it requires a dual-rail supply for its 
op-amp, we found it simplest to power it 
via a small separate on-card supply, using 

a sub-miniature mains transformer and an 
MC1468 dual-tracking regulator. 

For remaining on-card regulation of 
the 5V logic rails, either LM309K potted 
regulators have been used or, where higher 
output current is required, the circuit 
shown in Fig. 12. The theoretical maximum 
current available from this circuit is 2A, 
representing a dissipation in the series 
transistor of 40W, but practical limitations 
of heat-sink restrict this to about 1.5A. 
It should be uoted that the output voltage 
control is used to tap down the zener 
reference source instead of, as is more 
usual, the output voltage—this not only 
gives better stability, since errors in output 
voltage are not attenuated before being fed 
back, but it also allows the use of a 5.6V 

Fig. 13. Temperature controller 
for crystal. F5 output 
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case-temperature controller. 
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Parts list for oscillator chain (Fig. 2) 
Resistors 
R1 lMO 
R2 2.2k0 
R3 1.5k0 
R. 22k0 
R5 47k0 preset 
R6 22k0 
R7 4700 
R8 lkO (see corrections) 
R 9 8.2k0 
RIO 12k0 
R 11 lkO 
R11 5.6k0 
Ru 2.2k0 
R14 l.SkO 
R 15 5.6k0 
R,~ 5600 
R17 4700 
R18 SkO multi-turn preset 
R19 4.7k0 

Capacitors 
C1 O.l~F 
C2 O.lf.JF 
C3 39pF preset 
c4 2oopF 
C5 30pF preset (see correction) 
C6 500pF preset (see correction) 
c7 300pF 
C8 O.l~F 
C9 O.Olf.IF 

Semiconductors 
D1 IN4004 (used as varicap) 
D2 6.8V zener diode 
Tr1, 1 2N3819 
TrJ.u BCI08 
Tr6 BC477 

Transformer 
T1 DencoiT 

Parts list for BBC comparator 
(Fig. 4) 
Resistors 
R 10 IOkO 
R21 47k0 
R12 lOkO preset 
Ru 470k0 
R14 2.2k0 
R 25 39k0 
R16 lkO 
R21 2200 
R 2a 39k0 
R z9 5600 
R30 3900 
R31 12k0 
R32 lOOkO 
R33 12k0 
Ru IMO 
R 35 2.2k0 
R 36 12k0 
R 37 47k0 
R38 1.5k0 
R39 lOkO preset 
R ,0 1 OOkO preset 

Semiconductors 
Tr7 2N3819 
Tr8 2N3819 
Tr9 BC109 

Tr10 BC479 
Tr11 2N3820 
Tr11 2N3819 

IC1 Signetics NE561B 
IC2 709 operational amplifier 
D3 1N4001 
D. 1N4001 

Capacitors 
C,0 l- 6pF preset 
Cn 33pF 
C11 l - 6pF preset 
CB 2400pF 
Cu O.Ol~F 
Cts O.Ol~F 
C16 O.l~F 
C/7 lOOOpF 
Cta O.l~F 
C,9 O.lf.IF 
C20 IOpF 
C 21 O.l~F 
C21 O.l~F 
C23 SOOOpF 
C14 O.ltJF 
Czs 200pF 
Cz6 O.ltJF 
c17 2~F 

Transformer 
T2 Denco IT Blue 
T3 Denco IT Yellow 

200- 0- 200A 

Parts list for main power supply 
(Fig. 11) 
Resistors 
R, 
R2 
RJ 
R4 
Rs 
R6 
R 7 
Ra 
R 9 
RJO 
Ru 
R/1 
R/J 
R u 

1500 
1500 
680 
2k0 preset 
2k0 preset 
IOOkO 
lOOkO 
68k0 
68k0 
l.SkO 
4.7k0 
330 
4.7k0 
330 

Miscellaneous 
, LP1 24V, IW lamp 

LP1, 3 12V, O.IA lamp 
F, 2A antisurge 
F2 3A antisurge 
F1 3A antisurge 

Capacitors 
C1 O.l~F 
C2 O.lf.IF 
C3 O.l~F 
C4 3,300~F electrolytic 
C5 l0f.IF electrolytic 
C6 I0,0001JF electrolytic 
C7 5,000f.IF electrolytic 
C8 O.l~F 
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C9 4.7nF 
C10 I OO~F electrolytic 
Cu O.l~F 
C11 O.lf.IF 

Semiconductors 
B 1 4 X Rec 31 (Radiospares) 
D 1 26V zener diode 
D 2 24V zener diode . 
D1. 4 IN5401 
Ds. 6 3.9V zener diodes 
IC1 Reg 15V (Radiospares) 
IC2 709 
Tr1• 2. 3 2N3055 

Parts list for oven supply (Fig. 13) 
Resistors 
R,s 
R,6 
Rn R,, 
R/9 

R2o 
R21 
Rn 
R21 
Rz• 
Rzs 

lSkO 
3.90 
lkO 
4700 
lkO preset 
4.7k0 
2.2k0 
2.2k0 
2.2k0 
27k0 
lMO 

Miscellaneous 
F4 2A fuse 
F5 2A fuse 

Capacitors 
C13 5 ,000~F electrolytic 
C14 2,200~F electrolytic. 
C1s O.l~F 
C,6 O.l~F 
C17 O.lf.JF 

Semiconductors 
B 1 4 X IN5401 
D 7 Cl06Bl (s.c.r.) 
D8 IN4001 
D9 27V zener diode 
D 10 12V zener diode 
D 11 3.3V zener diode 
D 11 3.0V zener diode 
D 11 ST4 
Tr4 MPS13 
Tr5. 6 2N3054 
/C3 741 

Transformers 
T1 240V Prim, 24V Secondary 

Parts list for temperature controller 
(Fig. 14) 
Resistors 
R26 
R27 
R28 
R19 
RJo 
RJJ 
RJz 
RJJ 

RJ4 

R1s 
RJ6 

lkO, lOW 
4.7k0 preset 
2k0 
2.2k0 
470 
22k0 
2.2k0 
20k0,5W 
IMO preset 
150k0 
I.SMO 
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Parts list for oscillator chain (Fig. 2) 
Resistors 
R, mo Trl0 BC479 
r2 2.2kQ Tr,, 2N3820 
Rs l.SkO Trl2 2N3819 
R. 22kn 
Rs 47kn preset IC, Signetics NE561B 
r6 22kQ /Cj 709 operational amplifier 
R, 4700 Dj iN4001 
Rs IkO (see corrections) d4 1N4001 
r9 8.2kQ 
Rio 12kO Capacitors 
R,, IkO C/o 1—6pF preset 
Rn 5.6kQ C,, 33pF 
R,s 2.2kO C,j l-6pF preset 
Rj4 l.SkO CI3 2400pF 
R,s S.fikO Cl4 0.01 pF 
r,6 5600 C,, 0.0 IpF 
R,7 4700 Cl6 O.lpF 
R,8 5kO multi-turn preset Cn lOOOpF 
rI9 4.7kO C is O.lpF 

Cl9 O.lpF 
Capacitors Cjo lOpF 
c, 0.1 pF Cj, O.lpF 
Cj O.IpF Cjj O.lpF 
Q 39pF preset Cj, 5000pF 
Q 200pF Cjj O.lpF 
Q 30pF preset (see correction) Cj, 200pF 
Q 500pF preset (see correction) Cj„ O.lpF 
C; 300pF Cj? 2pF 
Q O.lpF 

0.01 pF Transformer 
Ti Denco IT Blue 

Semiconductors T, Denco IT Yellow 
-0/ 1N4004 (used as varicap) 
A 6.8V zener diode Meter 
Tr,.: 2N3819 M, 200—0—200A 
Trj. 4 s BC108 
Tr6 BC477 

Transformer Parts list for main power supply 

T, Denco IT (Fig. 11) 
Resistors 
R, 1500 
Ri 1500 

Parts list for BBC comparator Rs 680 
(Fig. 4) Rs 2k 0 preset 
Resistors Rs 2kO preset 
Rio lOkO Rs lOOkO 
Ri, 47kO R, lOOkO 
Rn lOkO preset Rs 68kO 
Rn 470k 0 Rp 68kO 
Rn 2.2kO Rio l.SkO 
Ris 39kO Rn 4.7kO 
Rio IkO Rn 330 
Rn 2200 R,J 4.7k0 
Ris 39kO Rn 330 
RIP 5600 
Rio 3900 Miscellaneous 
Rs, I2kO LP, 24 V, 1W lamp 
Rn lOOkO LP2.3 12V, 0.1A lamp 
Rss 12kO F, 2A antisurge 
Rs< I MO Fi 3A antisurge 
Rss 2.2kO Fs 3A antisurge 
R36 I2kQ 
R37 47kQ 
Rs 
Rs 
R. 

1.5kO 
10kn preset 
1 OOkQ preset 

Semiconductors 
Tr7 2N3819 
Trs 2N3819 
Tr, BC109 

Capacitors 
Cj O.JpF 
Cj 0.1 pF 
Cj 0.1 pF 
C, 3,300pF electrolytic 
Cj lOpF electrolytic 
C6 10,OOOpF electrolytic 
C7 5,OOOpF electroljtic 
Cs 0.1 pF 

Cj 4.7nF 
C,(, lOOpF electrolytic 
C,, O.lpF 
C,j O.lpF 

Semiconductors 
B, 4 x Rec 31 (Radiospares) 
T>, 26V zener diode 
d2 24V zener diode 
Dsn 1N5401 
Ds.6 3.9V zener diodes 
ic, Reg 15V (Radiospares) 
/Cj 709 
Tr,. j., 2N3055 

Parts list for oven supply (Fig. 13) 
Resistors 
R,s 15k0 
R,6 3.90 
R n IkO 
Ris 4700 
Rip IkO preset 
Rio 4.7kO 
Rn 2.2kO 
Rn 2.2kO 
Ris 2.2k0 
R24 27kO 
Ris 1MO 

Miscellaneous 
f4 2A fuse 
Fs 2A fuse 

Capacitors 
C,s 5,000pF electrolytic 
Cn 2,200pF electrolytic 
C,s O.lpF 
C,6 O.lpF 
C17 O.lpF 

Semiconductors 
B, 4 X 1N5401 
d7 C106B1 (s.c.r.) 
T>s 1N4001 
Dp 27V zener diode 
D,( 12 V zener diode 
Du 3.3V zener diode 
Da 3.0V zener diode 
D,s ST4 , 
Tr, MPS13 
Trs.t 2N3054 
ICs 741 

Transformers 
Ti 240V Prim, 24V Secondary 

Parts list for temperature controller 
(Fig. 14) 
Resistors 
R» IkO, 10W 
R27 4.7kO preset 
Ris 2kO 
Rip 2.2kO 
Rso 470 
Rs, 22kO 
Rsi 2.2kO 
Rss 20k0,5W 
Ru I MO preset 
Rss ISOkO 
RS6 I.5MO 
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Miscellaneous 
F6 2A fuse 

Capacitors 
CI8 32~-JF, 450V electrolytic 
CI9 lOOIJF electrolytic 
C2o 4 701JF electrolytic 
C21 O.liJF 
C22 471JF electrolytic 
C23 O.liJF 

Semiconductors 
DI4 1N4005 
Dis 20V zener diode 
D16 2N6073 
IC4 MFC4060A 
IC5 JA424 (Jermyn) 
IC6 t MC3301P 
Tr7 2N2646 
THI THBll 

zener, which is the best choice from the 
point of view of temperature coefficient. 

Temperature control 
This is necessary both in the case of the 
crystal, which is of prime importance, and 
in the case of the oscillator circuit as a 
whole. We found, in fact, that it was neces­
sary to maintain the crystal itself within 
very fine limits of temperature (of the order 
of 0.01 °C) and the oscillator circuit as a 
whole within ± 0.25°C in order to achieve 
our designed accuracy of frequency 
stability. 

For control of the crystal temperature, 
we had the good fortune to be given a suit­
able oven by Marconi Ltd, to whom we are 
therefore greatly indebted. The temperature 
controlling element in this oven is stable 
within ± 0.0014°C. We did, however, 
encounter one difficulty with it-we origin­
ally fed its heater element, which consumes 
36W when active, from a.c. (50Hz), but 
found that this induced hum modulation 
into the crystal. The obvious answer was 
to provide a d.c. source; but this in turn 
gave the problem of switching transients 
each time the thermostat switch cut in or 
out. The final solution was the power supply 
shown in Fig. 13, giving a stable heater 
supply with very slow switching action 
(approx. 3s rise and fall times). Switch-on 
is accomplished by the thermostat switch 
grounding the base of Tr 4 , which therefore 
ceases to conduct; the short-circuit which 
it represents in the conducting state is 
removed from the output of op-amp IC3 ; 

TC3 output therefore swings positive 
because its input potentials are unbalanced, 
thus charging C 14 through R 17 which takes 
about 3s. The potential on C14 controls the 
series Darlington pair Tr5,6 , giving the 
required output of24 Vat the emitterofTr6 , 

the output stabilizing, of course, when the 
potential at the slider of R 19 equals that of 
D 10 reference zener. It is worth noting, 
incidentally, that D 111 is fed from within 
the feedback loop-a concept which has 
been discussed previously in this journal3• 

Turn-off of the supply is achieved by the 
reverse action; thermostat switch opens, 
Tr4 base is switched via R 2I -u, Tr 4 con-

'ducts and discharges C14 via R 18 (and a 
further discharge path is provided through 
the output circuitry of IC3 as the output 
voltage dies). Zener diode Dn limits the 
voltage handled by the thermostat switch 
to approximately 1.5V; D u limits the 
maximum voltage applied to the base of 
Tr 4 ; D 8 has the not very obvious function 
of preventing CI4 discharging back through 
the base-collector circuit of Tr 5 should the 
incoming mains supply be switched off­
we lost a couple of transistors before we 
woke up to this hazard! Zener diode D 9 
limits the maximum output voltage to 
approximately 26V in case of any other 
accident. Resistor R11 , Du, R21 and D7 

form a final safety circuit. The thermostat 
switch is arranged mechanically so that 
gross overheating of the oven forces its 
live contact by thermal expansion against 
the live terminal of the heater winding. This 
passes a trigger current toD7 , which latches 
in across the supply and blows F3 • 

For control of oscillator temperature, 
we decided that the most practical course 
was to temperature-stabilize the entire clock 
case using proportional temperature control. 
A 250W mains-fed heating pad is used 
and control is by the circuit of Fig. 14. 

Conclusion 
As we said at the beginning of this article, 
construction of this project has taken 
almost three years. Looking back, it is 
sobering to realize how much this branch 
of technology has changed during even 
this comparatively short period. In fact we 
chose a fortunate moment to commence the 
project, being the period when bipolar 
digital i.cs had dropped to an acceptable 
price level but before their successors in 
technology (c.m.o.s.) had begun to be too 
demanding of attention. We have already 
given the reasons why we as a school 
undertook the project, and our aims in this 
respect have certainly been vindicated. 
Perhaps one proof of this lies in the fact 
that, of the two co-authors of this article, 
one is a master at the school and the other 
a former pupil. 
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Corrections 
Fig. 2. Resistor R8 should be connected in the . 
emitter lead of Tr3 , below the emitter con­
nection with Tr4 • Two trimmer capacitors 
appear with the designation C5 • The correct C5 
is connected across L 1 and the second trimmer 
across the secondary of T1 should be C6 • The 
control output of the varicap control unit should 
have a lOOkO resistor connected in series. 
Fig. 4. A connection should exist between the 
top end of R35 and the junction of R34 and C21 • 

Fig. 9. Outputs to JC3 should be labelled AI , B1 
DI (not c/) andA2. 
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(HF predict~ 

MUF (maximum usable frequency) at a given 
hour varies from day to day. HPF (highest 
probable frequency) and FOT (optimum work­
ing frequency) curves endose the decile range 
of this MUF variation. The prediction is that 
on 24 days of a month (30 days) observed MUFs 
will lie between HPF and FOT, on three days 
MUFs will be greater than HPF and on the 
remaining three days MUFs will lie below FOT. 

The above assumes a quiet ionosphere; on 
disturbed days MUFs will generally lie below 
predicted quiet FOT. Prediction of dis­
turbed days in these notes, based on a 27-day 
recurrence pattern, has been about 70% correct 
over the last two years. 
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Miscellaneous 
2A fuse 

Capacitors 
C,s 32(jF, 450V electrolytic 
Cl9 lOOpF electrolytic 
Cx 470pF electrolytic 
C2, 0.1 pF 
C22 47pF electrolytic 
C23 0.1 pF 

Semiconductors 
Dh 
O.s 
D16 
IC4 

ICs 
IC6 
Tr, 
TH, 

1N4005 
20V zener diode 
2N6073 
MFC4060A 
JA424 (Jermyn) 
7 MC3301P 
2N2646 
THB11 

zener, which is the best choice from the 
point of view of temperature coefficient. 

Temperature control 
This is necessary both in the case of the 
crystal, which is of prime importance, and 
in the case of the oscillator circuit as a 
whole. We found, in fact, that it was neces- 
sary to maintain the crystal itself within 
very fine limits of temperature (of the order 
of 0.010C) and the oscillator circuit as a 
whole within ±0.25°C in order to achieve 
our designed accuracy of frequency 
stability. 

For control of the crystal temperature, 
we had the good fortune to be given a suit- 
able oven by Marconi Ltd, to whom we are 
therefore greatly indebted. The temperature 
controlling element in this oven is stable 
within ±0.0014oC. We did, however, 
encounter one difficulty with it—we origin- 
ally fed its heater element, which consumes 
36W when active, from a.c. (50Hz), but 
found that this induced hum modulation 
into the crystal. The obvious answer was 
to provide a d.c. source: but this in turn 
gave the problem of switching transients 
each time the thermostat switch cut in or 
out. The final solution was the power supply 
shown in Fig. 13, giving a stable heater 
supply with very slow switching action 
(approx. 3 s rise and fall times). Switch-on 
is accomplished by the thermostat switch 
grounding the base of Tr4, which therefore 
ceases to conduct; the short-circuit which 
it represents in the conducting state is 
removed from the output of op-amp IC3; 
IC3 output therefore swings positive 
because its input potentials are unbalanced, 
thus charging Cl4 through R l7 which takes 
about 3s. The potential on C,4 controls the 
series Darlington pair Tr56, giving the 
required output of 24V at the emitter of 7>"6, 
the output stabilizing, of course, when the 
potential at the slider of R19 equals that of 
Dln reference zener. It is worth noting, 
incideutally, that Dw is fed from within 
the feedback loop—a concept which has 
been discnssed previously in this journal3. 
Turn-off of the supply is achieved by the 
reverse action; thermostat switch opens, 
Trj base is switched via R21-2-1, 7T, con- 

ducts and discharges C;J via (and a 
further discharge path is provided through 
the output circuitry of IC3 as the output 
voltage dies). Zener diode Dn limits the 
voltage handled by the thermostat switch 
to approximately 1.5V; Dn limits the 
maximum voltage applied to the base of 
Tr,; Ds has the not very obvious function 
of preventing C,4 discharging back through 
the base-collector circuit of Trs should the 
incoming mains supply be switched off— 
we lost a couple of transistors before we 
woke up to this hazard! Zener diode D9 
limits the maximum output voltage to 
approximately 26V in case of any other 
accident. Resistor R2,, D,,, R,, and D7 
form a final safety circuit. The thermostat 
switch is arranged mechanically so that 
gross overheating of the oven forces its 
live contact by thermal expansion against 
the live terminal of the heater winding. This 
passes a trigger current to D7, which latches 
in across the supply and blows F3. 

For control of oscillator temperature, 
we decided that the most practical course 
was to temperature-stabilize the entire clock 
case using proportional temperature control. 
A 250W mains-fed heating pad is used 
and control is by the circuit of Fig. 14. 

Conclusion 
As we said at the beginning of this article, 
construction of this project has taken 
almost three years. Looking back, it is 
sobering to realize how much this branch 
of technology has changed during even 
this comparatively short period. In fact we 
chose a fortunate moment to commence the 
project, being the period when bipolar 
digital i.es had dropped to an acceptable 
price level but before their successors in 
technology (c.m.o.s.) had begun to be too 
demanding of attention. We have already 
given the reasons why we as a school 
undertook the project, and our aims in this 
respect have certainly been vindicated. 
Perhaps one proof of this lies in the fact 
that, of the two co-authors of this article, 
one is a master at the school and the other 
a former pupil. 
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Corrections 
Fig. 2. Resistor Rs should be connected in the 
emitter lead of Tr,, below the emitter con- 
nection with Tr,. Two trimmer capacitors 
appear with the designation Cs . The correct Cs 
is connected across L, and the second trimmer 
across the secondary of T, should be C6 . The 
control output of the varicap control unit should 
have a lOOkO resistor connected in series. 
Fig. 4. A connection should exist between the 
top end of Rss and the junction of R3, and C2i. 
Fig. 9. Outputs to /Cj should be labelled 4, , B, 
Dj (not C, ) and A 2 . 

[HF pred 

MUF (maximum usable frequency) at a given 
hour varies from day to day. HPF (highest 
probable frequency) and FOT (optimum work- 
ing frequency) curves enclose the decile range 
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on 24 days of a month (30 days) observed MUFs 
will lie between HPF and FOT, on three days 
MUFs will be greater than HPF and on the 
remaining three days MUFs will lie below FOT. 

The above assumes a quiet ionosphere; on 
disturbed days MUFs will generally lie below 
predicted quiet FOT. Prediction of dis- 
turbed days in these notes, based on a 27-day 
recurrence pattern, has been about 70% correct 
over the last two years. 
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Letters to 
the Editor 

THYRISTOR CONTROL OF 
D.C. MOTORS 

We read with interest the article on thyristor 
control of d.c. motors by F. Butler in the 
September issue. The article itself was 
excellent but perhaps might be a little mis­
leading, especially as on page 328 he states 
"Merely by up-rating the semiconductor 
devices the scheme appears to be applicable 
to large motors, certainly up to tens of 
horsepower". This is not strictly true for 
thyristor controllers using the "thyristor 
across the bridge technique" and unfortu­
nately most users, power supply authorities 
and thyristor drive manufacturers would 
similarly disagree with that conclusion 
simply from the viewpoint of harmonic 
interference injected into a single phase 
supply. 

However, the uninitiated reader might 
well fall into another trap as, again on the 
same page, Mr Butler refers to the require­
ment for "an overriding control which will 
limit the circuit current to a safe value" . 
Alas, this could well be an understatement 
because many other would-be users have 
condemned thyristor motor speed con­
trollers because " when they switched on 
the supply the fuses blew and kept on blow­
ing". What they had forgotten of course was 
that the d.c. shunt wound machine, without 
some form of acceleration control and 
current limiting, presents almost a 
short circuit across the supply system with 
the inevitable result that the fuses blow. 

To sum up, the article is indeed praise­
wortlly but should be regarded with a cer­
tain amount of caution, the maximum 
horsepower, from a reasonable design 
point of view anyway, being of the order of 
2h.p.- certainly not tens as stated in the 
article. 
P. A. Bennett, 
Allen Bennett Ltd, 
Sheffield, 
Yorks. 

Mr Butler replies: 
Some of the points raised by Mr Bennett 
were discussed in my original article. How­
ever, they are worth stressing a little more 
forcibly, as he has done, and his letter gives 

me the opportunity of adding a few com­
ments on matters which were omitted or 
glossed over in my paper. 

As regards power limitations of thyristor 
drives, a glance through the advertisement 
pages of technical journals shows that 
systems up to 260kW (350h.p.) are readily 
available from companies such as Laur­
ence, Scott and Electromotors, Maudsley 
and Hugh J. Scott. No doubt the larger 
installations operate from three-phase 
supplies, but in principle there is nothing 
against the use of single-phase sources, 
subject only to restrictions imposed by 
supply authorities. 

A valid criticism of thyristor controllers 
is concerned with waveform distortion. 
To avoid this, variable phase-angle control 
must be abandoned and the "missing cycle" 
system used instead. In this system, thyris­
tor firing either occurs at the start of a 
particular half-cycle or not at all. Though 
more acceptable to the supply authority, 
the scheme does not always appeal to the 
user because of the violent torque fluctua­
tions at low speed and low power. 

Starting problems with large d.c. motors 
are just as bad whether operation is from 
d.c. mains or from a.c. through a thyristor 
controller. In the first case, full field current 
is applied and a manual or automatic starter 
feeds armature current through a stepped 
resistor, sections of which are shorted out 
as the motor gathers speed. It is damaging 
if not dangerous to overspeed this operation. 

With the thyristor controller, the motor 
must be started with fully retarded firing 
pulses; the control must then be advanced 
slowly or some overriding current-limit 
control must be fitted. The Mullard trigger 
modules MY 5001 and MY 5051 together 
give these facilities The simpler arrange­
ment I described is perfectly satisfactory if 
used sensibly. Its only weakness is that the 
motor speed tends to drop as the load is 
increased. To counter this, a feedback loop, 
such as I mentioned in the article must be 
added. This, too, is available with the 
Mullard units. 

The vital elements in roy controller are 
the auxmary power diodes and thyristor 
load resistor. These prevent the repeated 
fuse-blowing which is the bane of the 
simpler controllers. Another point, not 
previously mentioned, concerns the power 
factor of a thyristor drive. Delayed firing 
pulses obviously cause a lagging current to 
be drawn from the supply, though it is 
doubtful if matters are worse than when 
using under-loaded induction motors. 
Because of the distorted current waveform, 
precise correction by shunt capacitance 
across the supply line is impossible. 

Since my article was written I have built 
a universal grinder, the wheel-head drive 
being from a variable-speed d.c. motor of 
f hp. Grinding wheels between I and 6in 
diameter can be run at the optimum speed, 
which can be measured by a non­
contacting tachometer. A colleague, Mr B. 
Reid, developed a very useful instrument 
for this purpose. Unfortunately, variable 
speed grinders contravene the Factory 
Acts, so that they cannot be used industri­
ally (overspeeding can result in burst 
wheels). The drive unit for this machine 
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has given no trouble. Another colleague, 
Mr John Lennan, has built a 1kW con­
troller to supply a 1h.p. motor used to drive 
a 6-in centre lathe. This, too, has given 
trouble-free service and J can see no reason 
why larger units cannot be built with every 
confidence. Fractional-h.p . motors pose no 
problems at all. 

COMPONENT 
IDENTIFICATION 

As an engineer, I welcome, as I am sure 
many of my fellows do, the now almost 
universal adoption of the BS 1825 resist­
ance code. In this, and similar systems, 
the decimal point and multiplier are com­
bined, so that a one-point-five ohm resistor 
is expressed as "1R5", and a point-one­
five ohm component as "R15". 

This is fine, but why, then, is a one 
hundred and fifty ohm device specified as 
"150R" ? Surely, "K15" would be more 
logical, as it conserves the three­
character format, and is no less informa­
tive. This system may of course be 
extended to capacitors and inductors, 
"n 1 0" neatly replacing "1 OOp". · 

Such a modification to accepted prac­
tice is only justifiable if widely publicised 
and understood. I would welcome readers' 
comments on my suggestion. 
S. J. Pardoe, 
Altrincham, 
Cheshire. 

HORN LOUDSPEAKER 
DESIGN 

A number of readers have pointed out 
that in many cases the minimum space 
necessary to enclose the rear of the bass 
loudspeaker apparently exceeds the 
optimum cavity volume for giving the 
correct upper cut -off frequency, often 
by a factor of four or five times. Since 
the cut-off frequency is inversely propor­
tional to lhe cavity volume, this will have 
the effect of giving a serious "trough" in 
the overall frequency response before the 
mid-frequency horn takes over. The 
answer is to reduce the cavity to the 
correct volume by means of a circu.lar 
plaster or wood moulding leading from 
the rear of the loudspeaker diaphragm to 
the throat of the horn. This technique has 
been well described by John Crabbe 
(Wireless World, Feb. 1958, my ref. 19). 

A further point raised by several readers 
is the lack of detailed constructional data 
for the practical horns described in part 3. 
This was a deliberate policy on my part, 
because earlier experience had shown 
that no design seemed to suit more than a 
very small number of constructors. 
Indeed, I have already received a number 
of letters proposing alternative designs 
and configurations, and asking for my 
advice regarding their performance­
advice which in most cases is quite im­
possible to give. 

Nevertheless, I am very sympathetic 
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THYRISTOR CONTROL OF 
D.C. MOTORS 

We read with interest the article on thyristor 
control of d.c. motors by F. Butler in the 
September issue. The article itself was 
excellent but perhaps might be a little mis- 
leading, especially as on page 328 he states 
"Merely by up-rating the semiconductor 
devices the scheme appears to be applicable 
to large motors, certainly up to tens of 
horsepower". This is not strictly true for 
thyristor controllers using the "thyristor 
across the bridge technique" and unfortu- 
nately most users, power supply authorities 
and thyristor drive manufacturers would 
similarly disagree with that conclusion 
simply from the viewpoint of harmonic 
interference injected into a single phase 
supply. 

However, the uninitiated reader might 
well fall into another trap as, again on the 
same page, Mr Butler refers to the require- 
ment for "an overriding control which will 
limit the circuit current to a safe value". 
Alas, this could well be an understatement 
because many other would-be users have 
condemned thyristor motor speed con- 
trollers because "when they switched on 
the supply the fuses blew and kept on blow- 
ing". What they had forgotten of course was 
that the d.c. shunt wound machine, without 
some form of acceleration control and 
current limiting, presents almost a 
short circuit across the supply system with 
the inevitable result that the fuses blow. 

To sum up, the article is indeed praise- 
worthy but should be regarded with a cer- 
tain amount of caution, the maximum 
horsepower, from a reasonable design 
point of view anyway, being of the order of 
2h.p.—certainly not tens as stated in the 
article. 
P. A. Bennett, ■ 
Allen Bennett Ltd, 
Sheffield, 
Yorks. 

Mr Butler replies: 
Some of the points raised by Mr Bennett 
were discussed in my original article. How- 
ever, they are worth stressing a little more 
forcibly, as he has done, and his letter gives 

me the opportunity of adding a few com- 
ments on matters which were omitted or 
glossed over in my paper. 

As regards power limitations of thyristor 
drives, a glance through the advertisement 
pages of technical journals shows that 
systems up to 260kW (35Oh.p.) are readily 
available from companies such as Laur- 
ence, Scott and Electromotors, Maudsley 
and Hugh J. Scott. No doubt the larger 
installations operate from three-phase 
supplies, but in principle there is nothing 
against the use of single-phase sources, 
subject only to restrictions imposed by 
supply authorities. 

A valid criticism of thyristor controllers 
is concerned with waveform distortion. 
To avoid this, variable phase-angle control 
must be abandoned and the "missing cycle" 
system used instead. In this system, thyris- 
tor firing either occurs at the start of a 
particular half-cycle or not at all. Though 
more acceptable to the supply authority, 
the scheme does not always appeal to the 
user because of the violent torque fluctua- 
tions at low speed and low power. 

Starting problems with large d.c. motors 
are just as bad whether operation is from 
d.c. mains or from a.c. through a thyristor 
controller. In the first case, full field current 
is applied and a manual or automatic starter 
feeds armature current through a stepped 
resistor, sections of which are shorted out 
as the motor gathers speed. It is damaging 
if not dangerous to overspeed this operation. 

With the thyristor controller, the motor 
must be started with fully retarded firing 
pulses; the control must then be advanced 
slowly or some overriding current-limit 
control must be fitted. The Mullard trigger 
modules MY 5001 and MY 5051 together 
give these facilities The simpler arrange- 
ment I described is perfectly satisfactory if 
used sensibly. Its only weakness is that the 
motor speed tends to drop as the load is 
increased. To counter this, a feedback loop, 
such as 1 mentioned in the article must be 
added. This, too, is available with the 
Mullard units. 

The vital elements in my controller are 
the auxiliary power diodes and thyristor 
load resistor. These prevent the repeated 
fuse-blowing which is the bane of the 
simpler controllers. Another point, not 
previously mentioned, concerns the power 
factor of a thyristor drive. Delayed firing 
pulses obviously cause a lagging current to 
be drawn from the supply, though it is 
doubtful if matters are worse than when 
using under-loaded induction motors. 
Because of the distorted curreut waveform, 
precise correction by shunt capacitance 
across the supply line is impossible. 

Since my article was written I have built 
a universal grinder, the wheel-head drive 
being from a variable-speed d.c. motor of 
j-hp. Grinding wheels between 1 and 6in 
diameter can be run at the optimum speed, 
which can be measured by a non- 
contacting tachometer. A colleague, Mr B. 
Reid, developed a very useful instrument 
for this purpose. Unfortunately, variable 
speed grinders contravene the Factory 
Acts, so that they cannot be used industri- 
ally (overspeeding can result in burst 
wheels). The drive unit for this machine 

has given no trouble. Another colleague, 
Mr John Lennan, has built a IkW con- 
troller to supply a ih.p. motor used to drive 
a 6-in centre lathe. This, too, has given 
trouble-free service and I can see no reason 
why larger units cannot be built with every 
confidence. Fractional-h.p. motors pose no 
problems at all. 

COMPONENT 
IDENTIFICATION 

As an engineer, 1 welcome, as I am sure 
many of my fellows do, the now almost 
universal adoption of the BS 1825 resist- 
ance code. In this, and similar systems, 
the decimal point and multiplier are com- 
bined, so that a one-point-five ohm resistor 
is expressed as "1R5", and a point-one- 
five ohm component as "R15". 

This is fine, but why, then, is a one 
hundred and fifty ohm device specified as 
"150R"? Surely, "K15" would be more 
logical, as it conserves the three- 
character format, and is no less informa- 
tive. This system may of course be 
extended to capacitors and inductors, 
"n 10" neatly replacing "lOOp". 

Such a modification to accepted prac- 
tice is only justifiable if widely publicised 
and understood. I would welcome readers' 
comments on my suggestion. 
S. J. Pardoe, 
Altrincham, 
Cheshire. 

HORN LOUDSPEAKER 
DESIGN 

A number of readers have pointed out 
that in many cases the minimum space 
necessary to enclose the rear of the bass 
loudspeaker apparently exceeds the 
optimum cavity volume for giving the 
correct upper cut-off frequency, often 
by a factor of four or five times. Since 
the cut-off frequency is inversely propor- 
tional to the cavity volume, this will have 
the effect of giving a serious "trough" in 
the overall frequency response before the 
mid-frequency horn takes over. The 
answer is to reduce the cavity to the 
correct volume by means of a circular 
plaster or wood moulding leading from 
the rear of the loudspeaker diaphragm to 
the throat of the horn. This technique has 
been well described by John Crabbe 
(Wireless World, Feb. 1958, my ref. 19). 

A further point raised by several readers 
is the lack of detailed constructional data 
for the practical horns described in part 3. 
This was a deliberate policy on my part, 
because earlier experience had shown 
that no design seemed to suit more than a 
very small number of constructors. 
Indeed, I have already received a number 
of letters proposing alternative designs 
and configurations, and asking for my 
advice regarding their performance— 
advice which in most cases is quite im- 
possible to give. 

Neverxheless, I am very sympathetic 
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towards those readers who require 
detailed constructional information, and 
I hope to make available early next year 
detailed drawings of a moderately-sized 
corner horn which gives a very satis­
factory performance. 
J. Dinsdale, 
Olney, 
Bucks. 

As ref. 20 in the interesting series of 
articles on acoustic horn design by Mr 
Dinsdale (March, May, June issues), I 
would like to reinforce the warning on 
differential time delay given by Mr Hamill 
in the September issue. Experience with a 
16-ft bass horn (described in "Acoustic 
Compensation", Hi-Fi News, November 
1964) confirms that the reproduction of 
transients is most ·subjectively accurate 
when l.f. and h.f. path delays are similar, 
although if some differential must be 
endured results are less unnatural if h.f. 
energy is received first. Experiments 
suggest that, as a rough empirical guide, 
the time differential introduced should 
not exceed 1/!c, where fr_ is the crossover 
frequency. Thus, for fr_ at 400Hz, up to 
2.5ms would be allowable, equivalent to 
a path difference of nearly 3ft. 
R.N. Baldock, 
Harrow, 
Middlesex. 

DIGITAL 
SPEEDOMETER 

Having designed and partly constructed a 
digital speedometer before coming to Saudi 
Arabia this summer, I was interested to 
note the similarity of approach in the 
design offered by Messrs Bishop and 
Woodruff (September, October issues). 
Perhaps you would allow me to make the 
following comments. 

Firstly, by expanding the display to 
three digits and altering the count period 
generator to include a switched resistor, 
the display could indicate either miles or 
kilometres per hour, together, perhaps, 
with a suitable indicator to show which is 
being displayed. 

Secondly, in my design I used an optical 
pick-up from a modified speedometer, and 
by doing this was able to dispense with the 
frequency multiplier. This reduces the 
circuit complexity quite considerably, but 
requires knowledge of the individual 
speedometer gearing to calculate the 
correct number of slots in the rotating 
disc. I have also considered the use of 
storage and calculation logic to display 
acceleration. But this seems to be adding 
much cost and work for very little gain. 

I have been thinking about the addition 
of variable retard or advance to a 
thyristor ignition circuit. Perhaps an auto­
mobile engineer could tell us whether such 
a control on the dashboard would be of 
atlvan.tage in the fields of performance or 
economy? 

During the petrol crisis last winter I 
connected a reed relay and light bulb to 
indicate each stroke of the electric petrol 

pump. Although the pump frequency 
varies with engine speed, and thus the dis­
play cannot give a true indication of 
m.p.g., it is certainly a constant- and 
effective-reminder of the absolute rate of 
flow of fuel! 
N.H. Jennings, 
Dhahran , 
Saudi Arabia. 

CALCULATOR AS 
SIGNAL SOURCE 

At the risk of appearing frivolous, may I 
suggest a possible secondary application 
for the now ubiquitous electronic 
pocket calculator? 

Recently, while re-aligning a pre-war 
a.m. broadcast receiver, it became neces­
sary to convert wavelength (in which the 
set's tuning scale was calibrated) into 
frequency and this simple calculation was 
carried out on a Sinclair "Cambridge", 
which I keep handy in the workshop. With 
the set switched on it was noticed that 
a high pitched buzzing emanated from the 
speaker whenever the calculator was 
operated and that this note could be al­
tered in pitch as the various function keys 
were depressed. 

Analysis of the "r.f. field" with an oscil­
loscope indicated a strong square wave 
radiation extending up to 3MHz. Sub­
sequent experimenting suggested that the 
calculator acts as a very effective signal 
injector and my "Cambridge" has in fact 
been used as such (in addition to its nor­
mal intended use, of course!) in the repair 
of long- and medium-wave radio re­
ceivers for the past few months. It would 
be interesting to hear other readers' com­
ments- other calculators currently avail­
able may yield quite different results and 
may possibly radiate at frequencies above 
3M Hz. 
A. D. Thomas (GW8DXA), 
Cardigan, 
West Wales. 

F.M. TUNING 
INDICATORS 

I have followed with interest the corres­
pondence on f.m. tuning indicators, and I 
think readers may . be interested in my 
approach to the problem. 

Mr Smart's tuning 
indicator circuit 
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My circuit arrangement has the ad­
vantage of the two-lamp system, i.e. it 
indicates direction of mistuning and also 
has the additional advantages of maximum 
sensitivity at the tuning point and requires 
no judgement to be made by the operator. 

These features are obtained by putting 
the two lamps (l.e.ds) in the feedback loop 
of an op-amp (741 ). The high open-loop 
gain of the 741 and the forward voltage 
drops of the Le.ds combine to produce a 
very sensitive null detector. The a.f.c. 
reference voltage is fed to the non-inverting 
input of the 741 and the a.f.c. voltage to 
the inverting input via a second 741 as an 
amplifier/buffer. When the set .is on tune 
the output of the 741 will be at mid-rail 
voltage and neither l.e.d. lit, but only a small 
tuning error is required to swing the output 
to the "knee" of the l.e.d. characteristic, 
turning it on and so indicating mistuning 
in that direction. The l.e.d. current in the 
"otT tune" state will be automatically limited 
by the built-in current limit of the 741 . To 
reduce the sensitivity to usable levels a 
shunt resistor is connected across the l.e.ds, 
otherwise the output level will tend to sit 
so that one or other of the l.e.ds is conduc­
ting. The gain of the buffer and the value 
of the input resistor, which sets the l.e.d. 
current, are chosen to suit the a.f.c. voltage 
available. Typical values are given on the 
diagram. This circuit is used with an RCA 
CA3089 i.f. chip, which has the a.f.c. output 
in the form of a current. Silicon diodes 
across the a.f.c. resistor limit the range of 
the a.f.c. in a similar manner to the design 
by J. A. Skingley and N. C. Thomson 
(W. W. April, 1974). 

The capacitor across the first 741 
removes the modulation components from 
the a .f. c. 
M.G. Smart, 
Sunbury-on-Thames, 
Middlesex. 

DOPPLER IN 
LOUDSPEAKERS 

Mr Edgar's novel approach (August 
Letters) made me think again about this 
matter, and I came to the conclusion that 
not only does Doppler effect physically 
exist when loudspeakers are .playing (as 
James Moir confirms in your October 
issue) but that it exists in general whenever 
two or more sounds are in the air together. 

~ l.e.d.:; 
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towards those readers who require 
detailed constructional information, and 
I hope to make available early next year 
detailed drawings of a moderately-sized 
corner horn which gives a very satis- 
factory performance. 
J. Dinsdale, 
Olney, 
Bucks. 

As ref. 20 in the interesting series of 
articles on acoustic horn design by Mr 
Dinsdale (March, May, June issues), I 
would like to reinforce the warning on 
differential time delay given by Mr Hamill 
in the September issue. Experience with a 
16-0 bass horn (described in "Acoustic 
Compensation", Hi-Fi News, November 
1964) confirms that the reproduction of 
transients is most subjectively accurate 
when l.f. and h.f. path delays are similar, 
although if some differential must be 
endured results are less unnatural if h.f. 
energy is received first. Experiments 
suggest that, as a rough empirical guide, 
the time differential introduced should 
not exceed \/f„ where fc is the crossover 
frequency. Thus, for fc at 400Hz, up to 
2.5ms would be allowable, equivalent to 
a path difference of nearly 3ft. 
R. N. Baldock, 
Harrow, 
Middlesex. 

DIGITAL 
SPEEDOMETER  

Having designed and partly constructed a 
digital speedometer before coming to Saudi 
Arabia this summer, I was interested to 
note the similarity of approach in the 
design offered by Messrs Bishop and 
Woodruff (September, October issues). 
Perhaps you would allow me to make the 
following comments. 

Firstly, by expanding the display to 
three digits and altering the count period 
generator to include a switched resistor, 
the display could indicate either miles or 
kilometres per hour, together, perhaps, 
with a suitable indicator to show which is 
being displayed. 

Secondly, in my design I used an optical 
pick-up from a modified speedometer, and 
by doing this was able to dispense with the 
frequency multiplier. This reduces the 
circuit complexity quite considerably, but 
requires knowledge of the individual 
speedometer gearing to calculate the 
correct number of slots in the rotating 
disc. I have also considered the use of 
storage and calculation logic to display 
acceleration. But this seems to be adding 
much cost and work for very little gain. 

I have been thinking about the addition 
of variable retard or advance to a 
thyristor ignition circuit. Perhaps an auto- 
mobile engineer could tell us whether such 
a control on the dashboard would be of 
advantage in the fields of performance or 
economy? 

During the petrol crisis last winter 1 
connected a reed relay and light bulb to 
indicate each stroke of the electric petrol 

pump. Although the pump frequency 
varies with engine speed, and thus the dis- 
play cannot give a true indication of 
m.p.g., it is certainly a constant—and 
effective—reminder of the absolute rate of 
flow of fuel! 
N. H.Jennings, 
Dhahran, 
Saudi Arabia. 

CALCULATOR AS 
SIGNAL SOURCE 

At the risk of appearing frivolous, may I 
suggest a possible secondary application 
for the now ubiquitous electronic 
pocket calculator? 

Recently, while re-aligning a pre-war 
a.m. broadcast receiver, it became neces- 
sary to convert wavelength (in which the 
set's tuning scale was calibrated) into 
frequency and this simple calculation was 
carried out on a Sinclair "Cambridge", 
which I keep handy in the workshop. With 
the set switched on it was noticed that 
a high pitched buzzing emanated from the 
speaker whenever the calculator was 
operated and that this note could be al- 
tered in pitch as the various function keys 
were depressed. 

Analysis of the "r.f. field" with an oscil- 
loscope indicated a strong square wave 
radiation extending up to 3 MHz. Sub- 
sequent experimendng suggested that the 
calculator acts as a very effective signal 
injector and my "Cambridge" has in fact 
been used as such (in addition to its nor- 
mal intended use, of course!) in the repair 
of long- and medium-wave radio re- 
ceivers for the past few months. It would 
be interesting to hear other readers' com- 
ments—other calculators currently avail- 
able may yield quite different results and 
may possibly radiate at frequencies above 
3MHz. 
A. D. Thomas (GW8DXA), 
Cardigan, 
West Wales. 

P.M. TUNING 
INDICATORS 

I have followed with interest the corres- 
pondence on f.m. tuning indicators, and I 
think readers may be interested in my 
approach to the problem. 

My circuit arrangement has the ad- 
vantage of the two-lamp system, i.e. it 
indicates direction of raistuning and also 
has the additional advantages of maximum 
sensitivity at the tuning point and requires 
no judgement to be made by the operator. 

These features are obtained by putting 
the two lamps (l.e.ds) in the feedback loop 
of an op-amp (741). The high open-loop 
gain of the 741 and the forward voltage 
drops of the l.e.ds combine to prodnce a 
very sensitive null detector. The a.f.c. 
reference voltage is fed to the non-inverting 
input of the 741 and the a.f.c. voltage to 
the inverting input via a second 741 as an 
amplifier/buffer. When the set is on tune 
the output of the 741 will be at mid-rail 
voltage and neither l.e.d. lit, but only a small 
tuning error is required to swing the output 
to the "knee" of the l.e.d. characteristic, 
turning it on and so indicating misluning 
in that direction. The l.e.d. current in the 
"off tune" state will be automatically limited 
by the built-in current limit of the 741. To 
reduce the sensitivity to usable levels a 
shunt resistor is connected across the l.e.ds, 
otherwise the output level will tend to sit 
so that one or other of the l.e.ds is conduc- 
ting. The gain of the buffer and the value 
of the input resistor, which sets the l.e.d. 
current, are chosen to suit the a.f.c. voltage 
available. Typical values are given on the 
diagram. This circuit is used with an RCA 
C A3089 i.f. chip, which has the a.f.c. output 
in the form of a current. Silicon diodes 
across the a.f.c. resistor limit the range of 
the a.f.c. in a similar manner to the design 
by J. A. Skingley and N. C. Thomson 
{W. W. April, 1974). 

The capacitor across the first 741 
removes the modulation components from 
the a.f.c. 
M. G. Smart, 
Sunbury-on-Tharaes, 
Middlesex. 

DOPPLER IN 
LOUDSPEAKERS 

Mr Edgar's novel approach (August 
Letters) made me think again about this 
matter, and I came to the conclusion that 
not only does Doppler effect physically 
exist when loudspeakers are playing (as 
James Moir confirms in your October 
issue) but that it exists in general whenever 
two or more sounds are in the air together. 

Mr Smart's tuning 
indicator circuit 
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The fact that in most cases the effect is 
negligibly small does not affect the prin­
ciple. Or can someone explain why (e.g.) 
a large-amplitude low-frequency waving of 
the air to and fro does not frequency­
modulate a small-amplitudehigh-frequency 
wave (from another source) being carried 
by that sinusoidally moving air? 
"Cathode Ray". 

MAKING P.C. 
BOARDS 

For some years now I have been using 
Letraset for making printed boards. 
Perhaps your readers would like to know 
of this method. As a start I can recom­
mend sheets number 557, 556, 804. About 
three years ago I contacted Letraset in 
the U.K. and they showed in terest. Per­
haps if someone produced a greater variety 
of connections then the use of this 
method would become more popular. 

I would like to put these points forward: 
1, clean the copper board well, e.g. with 
steel wool and warm water, then dry com­
pletely and allow to reach room tempera­
ture, which should be at least 20°C. 2, 
use light pressure when rubbing; do not 
burnish, just press down with finger . 3, 
when making joints, "overlap". 4, to cut 
just use a sharp knife. 5, mistakes are 
easily removed by scraping with a plastic 
tool on tape, but beware of this as it 
could leave a trace of adhesive which will 
prevent etching. 
H. Wedemeyer, 
Vanse, 
Norway. 

LOUDSPEAKER -· 
DAMPING 

Mr Marshall refers in a letter in the 
October issue to a contribution (Tran­
sients and Loudspeaker D amping) I made 
in May I 950 on the subject of the damp­
ing factor of amplifiers. Reference to the 
contribution indicates the degree of mis­
understanding commonly involved in 
thinking that high damping factors are 
significant. 

Briefly, motion of the loudspeaker 
voice coil is "damped'' by the motionally 
induced current circulating in the voice 
coil-amplifier circuit. The amplitude of the 
current is controlled by the total imped­
ance of the circuit, amplifier + voice coil 
+ wiring. The amplifier output impedance 
obviously has no significant effect on the 
total current when it is only some 10% 
or less of the total circuit impedance. Thus 
extremely high damping factors , i.e. very 
low amplifier output impedances, are of no 
engineering significance in damping the 
oscillation of the voice coil; indeed they 
may impair the performance of a loud­
speaker. The contribution includes some 
oscillograms showing the actual effect of 
amplifier output impedance on the 
transient oscillations of the voice coil of a -
typical loudspeaker. 

It is also worth noting that while the 
amplifier output circuit impedance may 
have some effect on the transient oscilla­
tions at low frequency , the cone is so 
loosely coupled to the voice coil in the 
middle and high frequency bands that the 
cone or small areas of the cone can con­
tinue to oscillate although the voice coil 
is stationary. 

As the contribution demonstrated, there 
appears to be no engineering advantage 
in achieving damping factors much 
greater than about ten. In many instances 
there are positive disadvantages in using 
amplifiers \vith high damping factors. 
James Moir, 
Chipperfield, 
Herts. 

TRIALS- AND 
TRIBULATIONS! 

A photograph of a charming young lady 
holding one of the new push-button dial­
ling telephones (STC Trirnphone, I believe) 
appears on p. 374 of your October issue. 
The caption states that if the London trials 
"go as the Post Office expects" the new 
phones will be made available progres­
sively in other parts of the country. 

If one compares the telephone keyboard 
with that used on calculators it will be seen 
that only four figures- 4, 5, 6 and 0-are 
in the same positions. (See, for example, 
the calculator advertised on p. a53 of the 
same issue.) It does not require much 
imagination t o foresee the sort of con­
fusion which could arise if the two instru­
ments-calculator and push-button phone 
-are side by side on a desk. 

The calculator keyboard has been stand­
ardized for some time. Whey then should a 
telephone manufacturer and/or the Post 
Office introduce a variant? It can, of 
course, be argued that the Trimphone 
keyboard with the zero after figure 9 is in 
keeping with the sequence of figures on the 
normal telephone dial. With the logic of 
this one would agree, but with the calcu­
lator becoming increasingly a tool of 
everyday life, would it not have been 
logical for the new phone keyboard to con­
form with what is established practice in 
another branch of electronics? 

·Harold Barnard, 
Leigh-on-Sea, 
Essex. 

AUDIO VISUAL 
GROUP 

May T inform you that the British Kine­
matograph, Sound and Television Society 
has, for some time past, been planning to 
improve services to existing members 
working in the audio visual field and to 
fill a suspected need of potential members 
for. an organisatjon that will provide 
papers, presentations, technical articles 
and technical information on audio visuals. 

Although the Society originated as a 
film orientated organisation it has widened 
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its scope by entering the television and 
sound fields where appropriate to its aims 
and objects and now has considerable 
experience and some reputation in the 
proper integration of these three separate 
techniques. Where better then to find the 
resources and the skill in the efficient use 
of film, television, video, sound and vision 
techniques used in combination? 

The very nature of the Society's under­
taking requires the closest co-operation 
with all organisations catering to the 
separate needs of those techniques that 
go to make up audio visuals, and the 
BKSTS has every intention to provide 
its members not only with their brand of 
information but information on the 
activities of other organisations bearing on 
audio visuals. 

In this connection I hope that we can 
be of mutual service to Wireless World 
and to its many readers, some of whom 
may be looking for an organization to 
serve their needs in the dissemination of 
technical information which, in these days, 
comes and goes in such prolific quantity 
and at such a rapid pace. 

The BKSTS Audio Visual Working 
Party has, as its brief, the task of improving 
existing services and of creating a climate 
that will encourage an increase in our 
2,000 strong membership. 
Robert R. E. Pulman, 
BKSTS Audio Visual Working Party, 
London, we 1. 

ELECTROSTATIC FORCES 
ON PICKUPS 

Like Mr Hide I have also found when 
using an SME arm under a plastic cover 
that the arm would occasiol}ally lift from 
the playing surface. I have found that a 
cure could be effected by damping the 
cover 'by means of a damp cloth or by 
using an anti-static cleaner to clean 
the cover (similar to the method of pre­
venting dust accumulation on TV 
screens). 

However, I also suffered from snap, 
crackle and pop, and, blaming this on 
central heating and a rather dry atmosphere, 
I now use a wet sponge in a tray on the 
baseboard of my plinth, inside the cover. 
This overcomes the spurious clicks and no 
longer is the pickup arm liable to lift 
from the record, presumably because the 
slight increase in humidity inside the 
plinth inhibits the development of electro­
static charges on record or cover. 

Previously the pickup could be lifted ofT 
the record s imply by rubbing on the 
outer surface of the cover (not to be 
recommended with an expensive stylus 
and one's favourite disc) when the pickup 
Could be induced to lift and return to 
position to the outside of the record. With 
this primitive humidifier device in situ no 
amount of rubbing on the cover will induce 
the pickup to miss a note. 
Alec West, 
Milton Keynes, 
Bucks. 
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The fact that in most cases the effect is 
negligibly small does not affect the prin- 
ciple. Or can someone explain why (e.g.) 
a large-amplitude low-frequency waving of 
the air to and fro does not frequency- 

j modulate a small-amplitudehigh-frequency 
wave (from another source) being carried 
by that sinusoidally moving air? 
"Cathode Ray". 

MAKING P.C. 
BOARDS 

For some years now I have been using 
Letraset for making printed boards. 
Perhaps your readers would like to know 
of this method. As a start I can recom- 
mend sheets number 557, 556, 804. About 
three years ago I contacted Letraset in 
the U.K. and they showed interest. Per- 
haps if someone produced a greater variety 
of connections then the use of this 
method would become more popular. 

I would like to put these points forward; 
1, clean the copper board well, e.g. with 
steel wool and warm water, then dry com- 
pletely and allow to reach room tempera- 
ture, which should be at least 20°C. 2, 
use light pressure when rubbing; do not 
burnish, just press down with finger. 3, 
when making joints, "overlap". 4, to cut 
just use a sharp knife. 5, mistakes are 
easily removed by scraping with a plastic 
tool on tape, but beware of this as it 
could leave a trace of adhesive which will 
prevent etching. 
H. Wedemeyer, 
Vanse, 
Norway. 

LOUDSPEAKER 
DAMPING 

Mr Marshall refers in a letter in the 
October issue to a contribution (Tran- 
sients and Loudspeaker Damping) I made 
in May 1950 on the subject of the damp- 
ing factor of amplifiers. Reference to the 
contribution indicates the degree of mis- 
understanding commonly involved in 
thinking that high damping factors are 
significant. 

Briefly, motion of the loudspeaker 
voice coil is "damped" by the motionally 
induced current circulating in the voice 
coil-amplifier circuit. The amplitude of the 
current is controlled by the total imped- 
ance of the circuit, amplifier + voice coil 
-t- wiring. The amplifier output impedance 
obviously has no significant effect on the 
total current when it is only some 10% 
or less of the total circuit impedance. Thus 
extremely high damping factors, i.e. very 
low amplifier output impedances, are of no 
engineering significance in damping the 
oscillation of the voice coil; indeed they 
may impair the performance of a loud- 
speaker. The contribution includes some 
oscillograms showing the actual effect of 
amplifier output impedance on the 
transient oscillations of the voice coil of a 
typical loudspeaker. 

It is also worth noting that while the 
amplifier output circuit impedance may 
have some effect on the transient oscilla- 
tions at low frequency, the cone is so 
loosely coupled to the voice coil in the 
middle and high frequency bands that the 
cone or small areas of the cone can con- 
tinue to oscillate although the voice coil 
is stationary. 

As the contribution demonstrated, there 
appears to be no engineering advantage 
in achieving damping factors much 
greater than about ten. In many instances 
there are positive disadvantages in using 
amplifiers with high damping factors. 
James Moir, 
Chipperfield, 
Herts. 

TRIALS—AND 
TRIBULATIONS! 

A photograph of a charming young lady 
holding one of the new push-button dial- 
ling telephones (STC Trimphone, I believe) 
appears on p. 374 of your October issue. 
The caption states that if the London trials 
"go as the Post Office expects" the new 
phones will be made available progres- 
sively in other parts of the country. 

If one compares the telephone keyboard 
with that used on calculators it will be seen 
that only four figures—4, 5, 6 and 0—are 
in the same positions. (See, for example, 
the calculator advertised on p. a53 of the 
same issue.) It does not require much 
imagination "to foresee the sort of con- 
fusion which could arise if the two instru- 
ments—calculator and push-button phone 
—are side by side on a desk. 

The calculator keyboard has been stand- 
ardized for some time. Whey then should a 
telephone manufacturer and/or the Post 
Office introduce a variant? It can, of 
course, be argued that the Trimphone 
keyboard with the zero after figure 9 is in 
keeping with the sequence of figures on the 
normal telephone dial. With the logic of 
this one would agree, but with the calcu- 
lator becoming increasingly a tool of 
everyday life, would it not have been 
logical for the new phone keyboard to con- 
form with what is established practice in 
another branch of electronics? 

■Harold Barnard, > 
Leigh-on-Sea, 
Essex. 

AUDIOVISUAL 
GROUP 

May I inform you that the British Kine- 
matograph, Sound and Television Society 
has, for some time past, been planning to 
improve services to existing members 
working in the audio visual field and to 
fill a suspected need of potential members 
for an organisation that will provide 
papers, presentations, technical articles 
and technical information on audio visuals. 

Although the Society originated as a 
film orientated organisation it has widened 

its scope by entering the television and 
sound fields where appropriate to its aims 
and objects and now has considerable 
experience and some reputation in the 
proper integration of these three separate 
techniques. Where better then to find the 
resources and the skill in the efficient use 
of film, television, video, sound and vision 
techniques used in combination? 

The very nature of the Society's under- 
taking requires the closest co-operation 
with all organisations catering to the 
separate needs of those techniques that 
go to make up audio visuals, and the 
BKSTS has every intention to provide 
its members not only with their brand of 
information but information on the 
activities of other organisations bearing on 
audio visuals. 

In this connection I hope that we can 
be of mutual service to Wireless World 
and to its many readers, some of whom 
may be looking for an organization to 
serve their needs in the dissemination of 
technical information which, in these days, 
comes and goes in such prolific quantity 
and at such a rapid pace. 

The BKSTS Audio Visual Working 
Party has, as its brief, the task of improving 
existing services and of creating a climate 
that will encourage an increase in our 
2,000 strong membership. 
Robert R. E. Pulman, 
BKSTS Audio Visual Working Party, 
London, WC1. 

ELECTROSTATIC FORCES 
ON PICKUPS 

Like Mr Hide I have also found when 
using an SME arm under a plastic cover 
that the arm would occasionally lift from 
the playing surface. I have found that a 
cure could be effected by damping the 
cover by means of a damp cloth or by 
using an anti-static cleaner to clean 
the cover (similar to the method of pre- 
venting dust accumulation on TV 
screens). 

However, I also suffered from snap, 
crackle and pop, and, blaming this on 
central heating and a rather dry atmosphere, 
I now use a wet sponge in a tray on the 
baseboard of my plinth, inside the cover. 
This overcomes the spurious clicks and no 
longer is the pickup arm liable to lift 
from the record, presumably because the 
slight increase in humidity inside the 
plinth inhibits the development of electro- 
static charges on record or cover. 

Previously the pickup could be lifted off 
the record simply by rubbing on the 
outer surface of the cover (not to be 
recommended with an expensive stylus 
and one's favourite disc) wheu the pickup 
could be induced to lift and return to 
position to the outside of the record. With 
this primitive humidifier device in situ no 
amount of rubbing on the cover will induce 
the pickup to miss a note. 
Alec West, 
Milton Keynes, 
Bucks. 
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WESCON 1974 convention 
Electronics in medicine e microprocessors e speech recognition 

by Aubrey Harris 

University of California 

The 1974 WESCON (Western Electronic 
Show and Convention), the big electronics 
event of the year in the Western United 
States, was held September 10 to 13 in 
Los Angeles. Many of the papers thls year 
stressed practical applications and only 
a small number of new items were dis­
played in the show: the big semiconductor 
manufacturers were notably absent. 

One of the areas in which electronics 
is becoming more and more needed, and 
accepted, is the field of medicine. Per­
haps the earliest application of electronics 
was in the use of x-rays last century, but 
since then a whole host of uses have been 
developed: electro-cardiograph and electro­
encephalograph apparatus, pacemakers, 
hearing aids, myo-electric control and 
many measuring and monitoring equip­
ments. These latter are of particular 
importance for such uses as alerting 
medical personnel in the event of a change 
in vital body functions of critically ill 
patients. 

A paper by J. R. Singer, T. Grover and 
A. Poggio, " Progress in blood flow 

Fig. 1. Hydrogen protons in the blood 
being aligned during their passage 
through a magnetic field. 

Fig. 2. Representation of the proton or 
group of protons as a spinning top 
which precesses about the direction of a 
magnetic pole. A top precesses about the 
gravitational field in a familiar way. 
(a) The proton has spin like a top and 
precesses about the magnetic field. (b) The 
description is very similar even though the 
proton motion is invisible. 

measurements" described their work in 
this area using nuclear magnetic resonance 
(n.m.r.). This technique has advantages 
because blood flow can be determined 
without inserting probes or other devices 
into the subject to be tested. A large 
percentage of blood is water, and it is the 
magnetic properties of the hydrogen 
nuclei of the water molecules which are 
used in the measurements. 

It is known that the hydrogen protons 
in the blood are magnetic and possess 
spin, and each proton is like a gyroscope 
or spinning magnetic top. When placed in 
an external magnetic field, the "magnetic 
tops" align themselves north-to-south with 
the external field. In fact, this alignment 
is not immediate but takes about three 
seconds in pure water and in venous blood 
(because of the paramagnetic nature of the 
haemoglobin molecules) the protons 
require only 0.5 sec to align (Fig. 1). 
When the alignment has taken place the 
protons as a group behave as a gyroscope 
and precess. That is, just as a spinning top 
will do, the axis tilts out of the vertical 

line of force" 
in the 

eart h,s gravitational 
field 

A 
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and describes a cone due to the force of 
gravity. In the case of a fluid in a mag­
netic field, the hydrogen protons precess 
in a similar way (Fig. 2). 

The tilt may be increased to a greater 
extent by applying a radio frequency field 
in such a way that the magnetic action of 
the r.f. provides torque to tip the spinning 
protons. A coil carrying a few milliwatts of 
pulsed r.f. power produces a rotating mag­
netic field (during each pulse) and when 
the rotation is equivalent to the rate of the 
spinning protons they will tip. In these 
experiments the r.f. was at IOMHz. 

Another coil is used to detect the tip­
ping and is arranged to be perpendicular 
to the excitation coil, some 3cm away. 
The precessing protons, being magnetic, 
induce smal.l signal voltages in the detector 
coil which, after amplification, can be 
measured. Protons tipped by the r.f. will 
produce a different output in the detector 
coil compared to untipped protons; this is 
because of the different angles whlch the 
axes of the tipped and untipped protons 
make with the axis of the detector coil. 
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WESCON 1974 convention 

Electronics in medicine • microprocessors • speech recognition 

by Aubrey Harris 

University of California 

The 1974 WESCON (Western Electronic 
Show and Convention), the big electronics 
event of the year in the Western United 
States, was held September 10 to 13 in 
Los Angeles. Many of the papers this year 
stressed practical applications and only 
a small number of new items were dis- 
played in the show: the big semiconductor 
manufacturers were notably absent. 

One of the areas in which electronics 
is becoming more and more needed, and 
accepted, is the field of medicine. Per- 
haps the earliest application of electronics 
was in the use of x-rays last century, but 
since then a whole host of uses have been 
developed: electro-cardiograph and electro- 
encephalograph apparatus, pacemakers, 
hearing aids, myo-electric control and 
many measuring and monitoring equip- 
ments. These latter are of particular 
importance for such uses as alerting 
medical personnel in the event of a change 
in vital body functions of critically ill 
patients. 

A paper by J. R. Singer, T. Grover and 
A. Poggio, "Progress in blood flow 

measurements" described their work in 
this area using nuclear magnetic resonance 
(n.m.r.). This technique has advantages 
because blood flow can be determined 
without inserting probes or other devices 
into the subject to be tested. A large 
percentage of blood is water, and it is the 
magnetic properties of the hydrogen 
nuclei of the water molecules which are 
used in the measurements. 

' It is known that the hydrogen protons 
in the blood are magnetic and possess 
spin, and each proton is like a gyroscope 
or spinning magnetic top. When placed in 
an external magnetic field, the "magnetic 
tops" align themselves north-to-south with 
the external field. In fact, this alignment 
is not immediate but takes about three 
seconds in pure water and in venous blood 
(because of the paramagnetic nature of the 
haemoglobin molecules) the protons 
require only 0.5 sec to align (Fig. 1). 
When the alignment has taken place the 
protons as a group behave as a gyroscope 
and precess. That is, just as a spinning top 
will do, the axis fills out of the vertical 

and describes a cone due to the force of 
gravity. In the case of a fluid in a mag- 
netic field, the hydrogen protons precess 
in a similar way (Fig. 2). 

The tilt may be increased to a greater 
extent by applying a radio frequency field 
in such a way that the magnetic action of 
the r.f. provides torque to tip the spinning 
protons. A coil carrying a few milliwatts of 
pulsed r.f. power produces a rotating mag- 
netic field (during each pulse) and when 
the rotation is equivalent to the rate of the 
spinning protons they will tip. In these 
experiments the r.f. was at 10MHz. 

Another coil is used to detect the tip- 
ping and is arranged to be perpendicular 
to the excitation coil, some 3cm away. 
The precessing protons, being magnetic, 
induce small signal voltages in the detector 
coil which, after amplification, can be 
measured. Protons tipped by the r.f. will 
produce a different output in the detector 
coil compared to untipped protons; this is 
because of the different angles which the 
axes of the tipped and untipped protons 
make with the axis of the detector coil. 

Fig. I. Hydrogen protons in the blood 
being aligned during their passage 
through a magnetic field. 

Fig. 2. Representation of the proton or 
group of protons as a spinning top 
which processes about the direction of a 
magnetic pole. A lop processes about the 
gravitational field in a familiar way. 
(a) The proton has spin like a top and 
processes about the magnetic field, (b) The 
description is very similar even though the 
proton motion is invisible. 
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Fig. 3. Schematic arrangement/or 
determining blood flow using nuclear 
magnetic resonance. The time taken (t) 
for protons "tipped" at the excitation 
point to reach the detector coil is used to 
calculate flow. Typical spacing (d) is 
3cm. 

Fig. 4. Block diagram oj"acumonitor" 
for use in acupuncture. 

Fig. 5. Voice entry encoder: the perceptual 
space and its relationship to the sine 
(U1) and cosine (U2 ) functions. Filter 
frequencies are also indicated. 

Thus, it is possible to determine at the 
pick-up coil when protons in the blood 
which have been tipped by an r.f. pulse 
are passing the detector point. The flow 
rate may then be determined by noting the 
time taken for tipped protons to move 
between the excitation and detector coils, 
and, knowing the spacing between the two 
points, the average flow velocity may be 
determined (Fig. 3). 

One problem in using this system under 
clinical conditions is the cost of the large 
magnet required, which has a magnetic 
flux density of about 2500 gauss. These 
may be produced in quantities economic­
ally but are expensive in small, experi­
mental numbers. It is hoped that this 
restraint can be soon overcome. 

A related series of papers under the col­
lective title of"Psychotronics" was chaired 
by Dr Thelma Moss of the Neuropsychia­
tric Institute of the University of California, 
Los Angeles. Although not strictly 
directly related to electronic equipment, a 
tremendous interest was aroused amongst 
engineers at WESCON with about 1200 
of them attending an evening meeting on 
the subject. This serves to emphasize the 
growing appreciation and realization by 
many professionals that there is a large 
number of events ;md "happenings" which 
cannot be explained by our present scien­
tific knowledge. 

My apologies to those of my readers 
who are disbelievers (or pre-believers) of 
such esoteric manifestations as are 
described hereunder; I, too, was among 
your erstwhile millions- now, no longer 
so. 

The areas covered included a laboratory 
investigation of telepathy, some new work 
in Kirlian photography, a remarkable 
demonstration of changes in human 
physical states by Jack Gray using his 
own personal energies of an, as yet, un­
explained nature, and some work on an 
"acumonitor" by B. E. Taff. He explained 
that- there has been increasing interest in 
the past few years by the medical pro­
fession in the Western world .in acupunc­
ture, the ancient Chinese method of 
preventive medicine and pain reduction. 
Their theories state that there are 12 
meridians in the body, acting as prime 
"energy circuits": for perfect health the 
energy in these circuits must be balanced 
properly between the meridians. Acupunc-
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Fig. 3. Schematic arrangement for 
determining blood flow using nuclear 
magnetic resonance. The time taken (t) 
for protons "tipped" at the excitation 
point to reach the detector coil is used to 
calculate flow. Typical spacing (d) is 
3cm. 

Fig. 4. Block diagram of "acumonitor" 
for use in acupuncture. 

Fig. 5. Voice entry encoder: the perceptual 
space and its relationship to the sine 
(U,) and cosine (U,) functions. Filter 
frequencies are also indicated. 

Thus, it is possible to determine at the 
pick-up coil when protons" in the blood 
which have been tipped by an r.f. pulse 
are passing the detector point. The flow 
rate may then be determined by noting the 
time taken for tipped protons to move 
between the excitation and detector coils, 
and, knowing the spacing between the two 
points, the average flow velocity may be 
determined (Fig. 3). 

One problem in using this system under 
clinical conditions is the cost of the large 
magnet required, which has a magnetic 
flux density of about 2500 gauss. These 
may be produced in quantities economic- 
ally but are expensive in small, experi- 
mental numbers. It is hoped that this 
restraint can be soon overcome. 

A related series of papers under the col- 
lective title of "Psychotronics" was chaired 
by Dr Thelma Moss of the Neuropsychia- 
tric Institute of the University of California, 
Los Angeles. Although not strictly 
directly related to electronic equipment, a 
tremendous interest was aroused amongst 
engineers at WESCON with about 1200 
of them attending an evening meeting on 
the subject. This serves to emphasize the 
growing appreciation and realization by 
many professionals that there is a large 
number of events and "happenings" which 
cannot be explained by our present scien- 
tific knowledge. 

My apologies to those of my readers 
who are disbelievers (or pre-believers) of 
such esoteric manifestations as are 
described hereunder; I, too, was among 
your erstwhile millions—now, no longer 
so. 

The areas covered included a laboratory 
investigation of telepathy, some new work 
in Kirlian photography, a remarkable 
demonstration of changes in human 
physical states by Jack Gray using his 
own persona] energies of an, as yet, un- 
explained nature, and some work on an 
"acumonitor" by B. E. Taff. He explained 
that there has been increasing interest in 
the past few years by the medical pro- 
fession in the Western world in acupunc- 
ture, the ancient Chinese method of 
preventive medicine and pain reduction. 
Their theories state that there are 12 
meridians in the body, acting as prime 
"energy circuits": for perfect health the 
energy in these circuits must be balanced 
properly between the meridians. Acupuiic- 
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ture is used as an aid in obtaining the 
correct balance. The meridians are thought 
to be a fourth (and distinct) body system 
in addition to our blood circulation, lymph 
and nerve systems: The actual nature of 
the "energy" in the meridians is not clear 
but has been shown to be real. 

There are various methods of stimula­
tion for correcting the energy imbalance 
in the circuits: (a) by chemical means, (b) 
by massage or pressure (acupressure), (c) 
by needles (acupuncture), (d) by electrical 
energy injection, and (e) by laser beams. 

These latter two require a good deal of 
understanding and sophisticated equip­
ment; however, it was demonstrated in the 
USSR that a mild intei'\Sity laser beam 
directed at the meridian above the lip 
caused immediate cessation of an epileptic 
seizure. Work has been directed at devices 
capable of determining the location of the 
meridians. The Russian scientist V. G. 
Adamenko wrote in 1972 about a device 
called the "tobiscope" enabling measure­
ments of resistance points on the body to 
be made, which show a one-to-one corres­
pondence with the known oriental acu­
puncture meridians. The device appears 
as a metal cylinder with a probe at the 
top, insulated from the metal body. In use, 
an operator holds the cylindrical part and 
applies the probe to the skin of the subject. 
The operator completes the electrical cir­
cuit by maintaining contact to the sub­
ject's body with his free hand. 

Networks of low resistance can be 
traced which correspond within a. miUi­
metre or so to the acupuncture meridians. 
These networks are differentiated from 
skin probing of other areas of the body 
by a ten-to-one resistance ratio. Approxi­
mate measurements recorded are 0.5 to 
1.5 x lOS ohms at the meridians and 
about 106 ohms on other areas. Due 
regard is taken of shunt low resistance 
paths due to moist skin. For this work 
low values of direct current were used 
(a few microamps at four volts) but some 
experiments have also been successfully 
made with a.c. at 1000Hz. 

A more sophisticated device designed 
and developed by Taffis the "acumonitor" 
mentioned above, basically a single chan­
nel d.c. analogue/digital metering device. 
It has stainless steel electrodes, one a 
2mm probe and the other a hand-held 
circuit return. A block diagram is shown 
in Fig. 4: the actual circuit is still pro­
prietary. The probe signal is fed through 
several stages of i.e. f.e.t. operational 
amplification providing an input impedance 
of about 2 X 108 ohms. In searching for the 
acupuncture meridians an alarm is set to 
trigger whenever potential is indicated at 
over 3 7 millivolts and resistance under 2.5 X 
105 ohms. However, parameters are also 
visually displayed with an l.e.d. digital 
display. 

The "acumonitor" has been used on a 
subject under stimulation, to measure 
changes in readings at specific locations. 
In one test, voltage measurement increased 
by a factor of five and resistance decreased 
by 40% during two-minute stimulation of 
the subject by a 15-mW helium-neon laser. 

Ever since the introduction in 1948 of 

the first solid-state active device, the 
transistor, there has been a significant 
impact every few years or so, with the 
development of more highly sophisticated 
devices-i.cs, m.s.i., l.s.i. The latest in this 
line of development is the microprocessor. 
The term microprocessor (often abbre­
viated to IJP) is used to describe the 
central processor unit functions of a com­
puting device implemented by one or a few 
m.o.s./l .s.i. chips. Significant differences 
between the IJP and the minicomputer are 
the lower cost, reduced power require­
ments and often, lower speed. An impor­
tant advantage of the IJP over the other 
forms of l.s.i. is its capability of being 
programmed. 

There were some 19 papers on IJP pre­
sented in what was called the "micro­
processors revolution". M. M. Saba and 
J. D. Grimes, in their contribution 
"Microprocessors: a component for all 
seasons", showed that the IJP has really 
arrived and is now considered a single 
component characterized by such features 
as data word sizes of 2, 4, 8 or 16 bits, 
macro instruction cycle times between 
300ns and 601Js, instruction sets between 
50-100 items, memory address space 
ranges from 256 words to 65 kbytes, fre­
quently requiring from ten to 40 s.s.i. or 
m.s.i. packages to interface them with 
other sub-systems. The IJP presents itself 
as a powerful, inexpensive computing 
device, the implications of which upon 
the electronics and computing industries 
are not yet appreciated. 

The uses to which the IJP is now being 
applied are basically in the areas of 
calculation and control-type functions. It 
is often used as an alternative to hard­
wired random logic and has been found an 
inexpensive alternative to the mini­
computer, where speed is not of the 
essence. Such applications are, for 
example, point-of-sale and graphic ter­
minals, and credit card verification 
systems. According to a report by 
Quantrum Science Corporation there were 
100,000 units in the USA at the beginning 
of 1974; and the number is expected to 
increase to 800,000 units by the end of 
1975. By 1976 the cost of a unit is pre­
dicted as either $10 or $130-depending 
on who you want to believe. 

In reviewing the present and future 
trends of the market for microprocessors, 
Robert F. Wickham indicated that their 
role would be in "dedicated" systems such 
as computer peripheral controllers, <:>ffice 
equipment, computer terminals, com­
munications controllers, as weU as test and 
measuring instruments offering programm­
ability and "intelligence". 

In the equipment show a remarkable 
piece of equipment was shown by Percep­
tion Technology Corporation. It was 
"voice entry", a device which provides a 
direct interface between the human voice 
and a computer system, making it possible 
for any person to address a machine in 
appropriate words chosen from one's own 
language. 

This apparatus could be useful for con· 
trolling equipment or machine systems in 
situations where both hands and feet are 
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already occupied or where there are 
restrictive physical limitations, such as in 
the cockpit of a test vehicle or- where 
operations upon micro-components must 
be made while viewing the device through 
a microscope. Further uses are in direct­
ing materials, handling, sorting and in 
controlling physical access by personal 
(voice) identification. As the input is an 
audio signal, remote control of systems 
is possible by telephone. 

The basic unit, designated the VE-100, 
is suitable for table top or rack mount­
ing and costs $6,198. This provides an 
interface to a computer (such as a 
PDP/8E with 8k of memory) which is 
nec~ssary for operation of the unit. The 
vocabulary is normally the digits "zero" 
to "nine" plus control words "enter", 
"cancel", "reset", and "function". The 
machine can be trained to recognize other 
words. 

Machine recognition of speech regard­
less of the speaker's characteristics is a 
formidable problem and many systems 
so far have had a high rate of inaccuracy 
and speaker dependence. A novel solution 
is provided by the use of a set of trans­
formations to map speech spectral para­
meters into a perceptual space. 

The problem of accuracy of recognition 
can be appreciated when it is observed that 
the variation, in spectral terms, of a given 
phoneme between different speakers is 
often greater than the difference between 
two distinct phonemes. The problem is 
compounded because, even with a single 
speaker, monitoring shows that spectral 
differences occur at different times, con­
texts and circumstances which are com­
parable to the differences between 
speakers. 

Speech parameters can be described by 
spectral distribution and to a general 
degree may be represented by points in a 
two-dimensional perceptual space approxi­
mating a circle (Fig. 5). A combination of 
more than one frequency will be indicated 
by a point within the figure. (This is 
somewhat similar to the representation 
of coloured light in the CIE chromacity 
diagram. However, the speech spectral 
distribution curve is continuous.) The 
co-ordinates of the curve approximate 
to sine and cosine shapes, and are 
derived from Fourier transformations. In 
the equipment the functions U1 and U1 

are reproduced by six active bandpass 
filters, one at each of the frequencies 
noted, each with a Q of 1.67 and two 
filters with slope at 24dB/octave at 300Hz 
and 500Hz to provide the required shaping. 

Phonetic segments are determined by 
noting changes in energy levels and tran­
sitions between voiced and unvoiced 
states. Then segments are fed to an 8 X 8 
matrix space in the computer and these are 
compared with stored speech information 
in matrix form. A number is assigned to 
each of the comparisons of a given 
segment with all the stored patterns. The 
number is related to the closeness of the 
dominant vowel in the input vs. the stored 
pattern; the closer the number is to zero, 
the better the match. In a given word up 
to four segments will be recognized and 
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ture is used as an aid in obtaining the 
correct balance. The meridians are thought 
to be a fourth (and distinct) body system 
in addition to our blood circulation, lymph 
and nerve systems-. The actual nature of 
the "energy" in the meridians is not clear 
but has been shown to be real. 

There are various methods of stimula- 
tion for correcting the energy imbalance 
in the circuits: (a) by chemical means, (b) 
by massage or pressure (acupressure), (c) 
by needles (acupuncture), (d) by electrical 
energy injection, and (e) by laser beams. 

These latter two require a good deal of 
understanding and sophisticated equip- 
ment; however, it was demonstrated in the 
USSR that a mild intensity laser beam 
directed at the meridian above the lip 
caused immediate cessation of an epileptic 
seizure. Work has been directed at devices 
capable of determining the location of the 
meridians. The Russian scientist V. G. 
Adamenko wrote in 1972 about a device 
called the "tobiscope" enabling measure- 
ments of resistance points on the body to 
be made, which show a one-to-one corres- 
pondence with the known oriental acu- 
puncture meridians. The device appears 
as a metal cylinder with a probe at the 
top, insulated from the metal body. In use, 
an operator holds the cylindrical part and 
applies the probe to the skin of the subject. 
The operator completes the electrical cir- 
cuit by maintaining contact to the sub- 
ject's body with his free hand. 

Networks of low resistance can be 
traced which correspond within a milli- 
metre or so to the acupuncture meridians. 
These networks are differentiated from 
skin probing of other areas of the body 
by a ten-to-one resistance ratio. Approxi- 
mate measurements recorded are 0.5 to 
1.5 X 105 ohms at the meridians and 
about 106 ohms on other areas. Due 
regard is taken of shunt low resistance 
paths due to moist skin. For this work 
low values of direct current were used 
(a few microamps at four volts) but some 
experiments have also been successfully 
made with a.c. at 1000Hz. 

A more sophisticated device designed 
and developed by Taff is the "acumonitor" 
mentioned above, basically a single chan- 
nel d.c. analogue/digital metering device. 
It has stainless steel electrodes, one a 
2mm probe and the other a hand-held 
circuit return. A block diagram is shown 
in Fig. 4: the actual circuit is still pro- 
prietary. The probe signal is fed through 
several stages of i.e. f.e.t. operational 
amplification providing an input impedance 
of about 2 X 108 ohms. In searching for the 
acupuncture meridians an alarm is set to 
trigger whenever potential is indicated at 
over 37 millivolts and resistance under 2.5 X 
105 ohms. However, parameters are also 
visually displayed with an l.e.d. digital 
display. 

The "acumonitor" has been used on a 
subject under stimulation, to measure 
changes in readings at specific locations. 
In one test, voltage measurement increased 
by a factor of five and resistance decreased 
by 40% during two-minute stimulation of 
the subject by a 15-mW helium-neon laser. 

Ever since the introduction in 1948 of 

the first solid-state active device, the 
transistor, there has been a significant 
impact every few years or so, with the 
development of more highly sophisticated 
devices—i.es, m.s.i., l.s.i. The latest in this 
line of development is the microprocessor. 
The term microprocessor (often abbre- 
viated to pP) is used to describe the 
central processor unit functions of a com- 
puting device implemented by one or a few 
m.o.s./l.s.i. chips. Significant differences 
between the pP and the minicomputer are 
the lower cost, reduced power require- 
ments and often, lower speed. An impor- 
tant advantage of the pP over the other 
forms of l.s.i. is its capability of being 
programmed. 

There were some 19 papers on pP pre- 
sented in what was called the "micro- 
processors revolution". M. M. Saba and 
J. D. Grimes, in their contribution 
"Microprocessors: a component for all 
seasons", showed that the pP has really 
arrived and is now considered a single 
component characterized by such features 
as data word sizes of 2, 4, 8 or 16 bits, 
macro instruction cycle times between 
300ns and 60ps, instruction sets between 
50-100 items, memory address space 
ranges from 256 words to 65 kbytes, fre- 
quently requiring from ten to 40 s.s.i. or 
m.s.i. packages to interface them with 
other sub-systems. The pP presents itself 
as a powerful, inexpensive computing 
device, the implications of which upon 
the electronics and computing industries 
are not yet appreciated. 

The uses to which the pP is now being 
applied are basically in the areas of 
calculation and control-type functions. It 
is often used as an alternative to hard- 
wired random logic and has been found an 
inexpensive alternative to the mini- 
computer, where speed is not of the 
essence. Such applications are, for 
example, point-of-sale and graphic ter- 
minals, and credit card verification 
systems. According to a report by 
Quantrum Science Corporation there were 
100,000 units in the USA at the beginning 
of 1974; and the number is expected to 
increase to 800,000 units by the end of 
1975. By 1976 the cost of a unit is pre- 
dicted as either $10 or $130—depending 
on who you want to believe. 

In reviewing the present and future 
trends of the market for microprocessors, 
Robert F. Wickham indicated that their 
role would be in "dedicated" systems such 
as computer peripheral controllers, office 
equipment, computer terminals, com- 
munications controllers, as well as test and 
measuring instruments offering programm- 
ability and "intelligence". 

In the equipment show a remarkable 
piece of equipment was shown by Percep- 
tion Technology Corporation. It was 
"voice entry", a device which provides a 
direct interface between the human voice 
and a computer system, making it possible 
for any person to address a machine in 
appropriate words chosen from one's own 
language. 

This apparatus could be useful for con- 
trolling equipment or machine systems in 
situations where both hands and feet are 

already occupied or where there are 
restrictive physical limitations, such as in 
the cockpit of a test vehicle or- where 
operations upon micro-components must 
be made while viewing the device through 
a microscope. Further uses are in direct- 
ing materials, handling, sorting and in 
controlling physical access by personal 
(voice) identification. As the input is an 
audio signal, remote control of systems 
is possible by telephone. 

The basic unit, designated the VE-100, 
is suitable for table top or rack mount- 
ing and costs $6,198. This provides an 
interface to a computer (such as a 
PDP/8E with 8k of memory) which is 
necessary for operation of the unit. The 
vocabulary is normally the digits "zero" 
to "nine" plus control words "enter", 
"cancel", "reset", and "function". The 
machine can be trained to recognize other 
words. 

Machine recognition of speech regard- 
less of the speaker's characteristics is a 
formidable problem and many systems 
so far have had a high rate of inaccuracy 
and speaker dependence. A novel solution 
is provided by the use of a set of trans- 
formations to map speech spectral para- 
meters into a perceptual space. 

The problem of accuracy of recognition 
can be appreciated when it is observed that 
the variation, in spectral terms, of a given 
phoneme between different speakers is 
often greater than the difference between 
two distinct phonemes. The problem is 
compounded because, even with a single 
speaker, monitoring shows that spectral 
differences occur at different times, con- 
texts and circumstances which are com- 
parable to the differences between 
speakers. 

Speech parameters can be described by 
spectral distribution and to a general 
degree may be represented by points in a 
two-dimensional perceptual space approxi- 
mating a circle (Fig. 5). A combination of 
more than one frequency will be indicated 
by a point within the figure. (This is 
somewhat similar to the representation 
of coloured light in the CIE chromacity 
diagram. However, the speech spectral 
distribution curve is continuous.) The 
co-ordinates of the curve approximate 
to sine and cosine shapes, and are 
derived from Fourier transformations. In 
the equipment the functions U, and Ul 
are reproduced by six active bandpass 
filters, one at each of the frequencies 
noted, each with a Q of 1.67 and two 
filters with slope at 24dB/octave at 300Hz 
and 500Hz to provide the required shaping. 

Phonetic segments are determined by 
noting changes in energy levels and tran- 
sitions between voiced and unvoiced 
states. Then segments are fed to an 8 X 8 
matrix space in the computer and these are 
compared with stored speech information 
in matrix form. A number is assigned to 
each of the comparisons of a given 
segment with all the stored patterns. The 
number is related to the closeness of the 
dominant vowel in the input vs. the stored 
pattern; the closer the number is to zero, 
the better the match. In a given word up 
to four segments will be recognized and 
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Fig. 6. Wavetek mode/152 programmable 
function generator. 

Fig. 7. Tektronix 31/53 data acquisition 
system. 

compared for the matching pro.cess. 
The system consists of speech process­

ing circuits, a mini-computer and an 
interface between them. In operation an 
input word is processed and its identity 
verified within 160ms of the end of the 
spoken word. During this interval the 
spectral distribution of the speech signal 
is determined by the filters, whose outputs 
are rectified, smoothed, sampled every 
I Oms and input to a memory. The com­
puter tabulates them to form the data 
points of the perceptual space. A com­
parison is then made with the related, 
stored pattern and operates on a decision 
algorithm built upon a broad statistical 
base, thus gaining a large degree of 
speaker independence and accuracy. 

Regarding this latter aspect, accuracy 
is claimed to be from 90% to 99%. The 
higher figure may be achieved by "train­
ing" the system, by repeating via the input 
microphone the desired vocabulary and 
voice. 

A new approach in programmable func­
tion and waveform generation was 
demonstrated by Wavetek. The Model 
152 equipment (Fig. 6) allows, either from 
a manual keyboard on the instrument or 
remotely by an ASCII code, control of 
frequency, amplitude, waveform, d.c. 
offset, and trigger mode, as well as con­
tinuous phase variations of functions from 
I Hz up to 1OOkHz, with harmonic distor­
tion of Less than 0.1 %. (The models 
158/159 have frequency ranges from 
1Hz .to 3MHz and can be programmed 
for 180° phase changes only.) Sine, 
triangle, ramp and square waveforms may 
be generated with output voltages of from 
10 millivolts to 10 volts p-p into 
50 ohms load impedance. 

The programmable function generator 
has many applications in automated test­
ing, where its output parameters may be 
controlled remotely from a computer in 
response to previously set up programmes 
and to adapt to special conditions. Remote 
programming is accepted into the unit as 
7-bit parallel ASCII coded characters; 
up to nine instruments may be con­
nected to a common line, controlled from 
one source. The unit will respond to 
input up to 1 Mbyte per second; the 
selected output function becomes stable 
within lms in all cases. With the variable 
phl).se feature, this parameter may be con­
trolled with 4-digit resolution referred 
either to its own sync output or an 
external sync source. 

Tektronix were displaying the DM43, a 
precision digital multimeter for use with 
the 465 and 475 portable oscilloscopes. 
The meter has 3f digits, five 7-segment 
l.e.ds and will display voltages from 1 Y 
to 1200V, resistance values from 0.10 

to 20MO, temperature from - 55°C to 
+ I 50°C and also differential time delay 
measurements, which are resolved at an 
increased factor of ten times compared 
to the precision delay time dial on the 
oscilloscope. 

Time measurements are made by select­
ing the first of the two points by means of 
tbe oscilloscope's delay time position 
control. The meter is set to zero at this 
point. Next the delay time position con­
trol is used to select the second point and 
the delay is read out directly on the 
meter. This direct time readout capability 
has application in checking the critical 
timing of digital systems. 

Temperature probing of semiconductor 
power components can be accomplished 
while signal waveforms for the device are 
monitored at the same time. Test leads 
used for voltage, resistance and tempera­
ture are independent of the oscilloscope 
into which the meter is incorporated. Front 
panel pushbuttons provide separate selec­
tion of function and range. 

Tektronix displayed for the first time 
the 31/53 Calculator-based Instrumenta­
tion System, which is capable of data 
acquisition, transformation and analysis 
(Fig. 7). Its main feature is its .ability to 
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log, compare and analyze measurement 
data as it arrives. The user can also store 
the data. The unit has many of the 
capabilities of the minicomputer, but it is 
cheaper and easier to use, as there is no 
need to learn a computer language to 
operate it. In many existing systems infor­
mation is gathered by reading meters, 
strip charts .or printed lists. Then it is 
interpreted or compiled and entered by 
hand into a calculator or a computer for 
statistical analysis or for storing on cards 
or tape. In the 31/ 53, the process data 
gathering, data analysis, documentation 
and permanent storage can be handled by 
the single calculator system. It combines 
the concept of a stand-alone data recorder 
and data analysis computation. 

The system includes the Tektronix 31 
calculator, a mainframe power source, an 
interface plug-in, standard software for 
data acquisition and analysis, and stan­
dard options and accessories. The cost is 
$3,995. 

Data acquisition is accomplished by 
selected instruments from Tektronix's 
TM 500 line of modular measurement 
instruments. The system mainframe 
allows these modules to be plugged-in in 
any desired configuration. 
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Fig. 6. Wavelek model 152 programmable 
function generator. 

Fig. 7. Tektronix 31/53 data acquisition 
system. 

compared for the matching process. 
The system consists of speech process- 

ing circuits, a mini-computer and an 
interface between them. In operation an 
input word is processed and its identity 
verified within 160ms of the end of the 
spoken word. During this interval the 
spectral distribution of the speech signal 
is determined by the filters, whose outputs 
are rectified, smoothed, sampled every 
10ms and input to a memory. The com- 
puter tabulates them to form the data 
points of the perceptual space. A com- 
parison is then made with the related, 
stored pattern and operates on a decision 
algorithm built upon a broad statistical 
base, thus gaining a large degree of 
speaker independence and accuracy. 

Regarding this latter aspect, accuracy- 
is claimed to be from 90% to 99%. The 
higher figure may be achieved by "train- 
ing" the system, by repeating via the input 
microphone the desired vocabulary and 
voice. 

A new approach in programmable func- 
tion and waveform generation was 
demonstrated by Wavetek. The Model 
152 equipment (Fig, 6) allows, either from 
a manual keyboard on the instrument or 
remotely by an ASCII code, control of 
frequency, amplitude, waveform, d.c. 
offset, and trigger mode, as well as con- 
tinuous phase variations of functions from 
1Hz up to 100kHz, with harmonic distor- 
tion of less than 0.1%. (The models 
158/159 have frequency ranges from 
!Hz to 3 MHz and can be programmed 
for 180° phase changes only.) Sine, 
triangle, ramp and square waveforms may 
be generated with output voltages of from 
10 millivolts to 10 volts p-p into 
50 ohms load impedance. 

The programmable function generator 
has many applications in automated test- 
ing, where its output parameters may be 
controlled remotely from a computer in 
response to previously set up programmes 
and to adapt to special conditions. Remote 
programming is accepted into the unit as 
7-bit parallel ASCII coded characters; 
up to nine instruments may be con- 
nected to a common line, controlled from 
one source. The unit will respond to 
input up to 1 Mbyte per second; the 
selected output function becomes stable 
within 1ms in all cases. With the variable 
phase feature, this parameter may be con- 
trolled with 4-digit resolution referred 
either to its own sync output or an 
external sync source. 

Tektronix were displaying the DM43, a 
precision digital multimeter for use with 
the 465 and 475 portable oscilloscopes. 
The meter has 34- digits, five 7-segment 
l.e.ds and will display voltages from IV 
to 1200V, resistance values from O.IO 

to 20MO, temperature from — 550C to 
+ 150C'C and also differential time delay 
measurements, which are resolved at an 
increased factor of ten times compared 
to the precision delay time dial on the 
oscilloscope. 

Time measurements are made by select- 
ing the first of the two points by means of 
the oscilloscope's delay time position 
control. The meter is set to zero at this 
point. Next the delay time position con- 
trol is used to select the second point and 
the delay is read out directly on the 
meter. This direct time readout capability 
has application in checking the critical 
timing of digital systems. 

Temperature probing of semiconductor 
power components can be accomplished 
while signal waveforms for the device are 
monitored at the same lime. Test leads 
used for voltage, resistance and tempera- 
ture are independent of the oscilloscope 
into which the meter is incorporated. Front 
panel pushbuttons provide separate selec- 
tion of function and range. 

Tektronix displayed for the first time 
the 31/53 Calculator-based Instrumenta- 
tion System, which is capable of data 
acquisition, transformation and analysis 
(Fig. 7). Its main feature is its ability to 

log, compare and analyze measurement 
data as it arrives. The user can also store 
the data. The unit has many of the 
capabilities of the minicomputer, but it is 
cheaper and easier to use, as there is no 
need to learn a computer language to 
operate it. In many existing systems infor- 
mation is gathered by reading meters, 
strip charts or printed lists. Then it is 
interpreted or compiled and entered by 
hand into a calculator or a computer for 
statistical analysis or for storing on cards 
or tape. In the 31/53, the process data 
gathering, data analysis, documentation 
and permanent storage can be handled by 
the single calculator system. It combines 
the concept of a stand-aloue data recorder 
and data analysis computation. 

The system includes the Tektronix 31 
calculator, a mainframe power source, an 
iuterface plug-in, standard software for 
data acquisition and analysis, and stan- 
dard options and accessories. The cost is 
$3,995. 

Data acquisition is accomplished by 
selected instruments from Tektronix's 
TM 500 line of modular measurement 
instruments. The system mainframe 
allows these modules to be plugged-in in 
any desired configuration. 
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Circuit 
Ideas 

Electronic changeover 
switching 
The circuit shown in Fig. 1 effects a 
changeover function when only a single 
pair of contacts is available. When the 
switch is open, only input A is admitted 
to the output via R4 • When the switch is 
closed, input B is admitted to the output 
together with an inversion of the input A 
signal, which cancels the direct signal A 
and leaves only signal B present. A gain 
of two is given to input B by the op-amp 
circuit, to bring the system gain to unity 
for both inputs A and B by compensating 
for the attenuation of signal B through R5 

A 

B 

Fig. 2 
oVon 

-15Votf 

R4 
6k8 

and R 4 (assuming source impedance at 
input A< 6.8k0. The degree of attenua­
tion of the unselected input depends on the 
tolerances of R 1 , R 3 , R 4 and R 5 , and if 
more than about 30dB rejection is re~ 
quired, some trimming may be necessary. 

Electronic switching can be accom­
plished by substituting an f.e.t. to replace 
the switch, as shown in Fig. 2. The 5nF 
capacitor prevents the f.e.t. from cutting 
ofT during the positive half-cycles above 
about 100Hz which exceed the f.e.t. pinch­
ofT voltage when in the on state. 

In certain multi-changeover switch func­
tions the operational amplifier could be a 
section of a programmable op-amp. 
M. J. Sells, 
Reading. 

Improved simple d. to a. 
-converter 
Readers may have difficulty in · getting a 
satisfactory performance from D. James' 
digital to analogue converter (W. W. June, 
page 197) over a reasonable temperature 
range, especially if the 7490 is driving other 
t.t.l. This is because of the necessity for 
equal logic 1 output voltages from the 
7490 as well as matched vbe for the transis­
tors. A better performance with similar 
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economy can be achieved by using a 7407 
hex buffer as shown in the accompanying 
diagram. The effect of changes in v ... SQJ 

with temperature can be minimized by 
connecting the non-inverting input of the 
op-amp to the output of an unused buffer 
at logic 0. The 7407 could be replaced 
by a 7405 if temperature compensation 
is not required or for the addition of a 
less significant digit. 
R. J . Chance, 
Birmingham. 

.---..----------+5V 

ov 7407 

RIAA -equalized pre-amplifier 
The amplifier shown in the diagram was 
designed to combine the advantages 
claimed by proponents of either side of a 
recent correspondence in this magazine. 
It has the low noise (less than - 70dB 
ref. · 5mV input) and high overload 
capability (almost 30dB above 3mV input) 
of a series feedback-pair design, and the 
low distortion (0.05% i.m. distortion at 
2V r.m.s. output) of the Liniac. 

The first stage is basically a Liniac-type 
circuit with emitter resistors, one of which 

reduces the d.c. gain, and thus the 
amount of d.c. feedback applied, improving 
transient response over the usual feedback 
pair arrangement. This feeds into a second, 
X 10 stage, which, contrary to normal 
practice, has part of its emitter resistance 
undecoupled, preventing shunting of the 
first stage high impedance dynamic load 
by this second stage input impedance. 
S. F. Bywaters, 
University College, 
London. 

150k +20-24V 
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Ideas 

Electronic changeover 
switching 
The circuit shown in Fig. 1 efTects a 
changeover function when only a single 
pair of contacts is available. When the 
switch is open, only input A is admitted 
to the output via . When the switch is 
closed, input B is admitted to the output 
together with an inversion of the input A 
signal, which cancels the direct sigual A 
and leaves only signal B present. A gain 
of two is given to input B by the op-amp 
circuit, to bring the system gain to unity 
for both inputs A and B by compensating 
for the attenuation of signal B through Rs 
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and Rt (assuming source impedance at 
input A< 6.8kQ. The degree of attenua- 
tion of the unselected input depends on the 
tolerances of R,. R3, R4 and Ri, and if 
more than about 30dB rejection is re- 
quired, some trimming may be necessary. 

Electronic switching can be accom- 
plished by substituting an f.e.t. to replace 
the switch, as shown in Fig. 2. The 5nF 
capacitor prevents the f.e.t. from cutting 
off during the positive half-cycles above 
about 100Hz which exceed the f.e.t. piuch- 
off voltage when in the on state. 

In certain multi-chaugeover switch func- 
tions the operational amplifier could be a 
section of a programmable op-amp. 
M. J. Sells, 
Reading. 

Improved simple d. to a. 
converter 

Readers may have difficulty in getting a 
satisfactory performance from D. James' 
digital to analogue converter (IF. W. June, 
page 197) over a reasonable temperature 
range especially if the 7490 is driving other 
t.t.l. This is because of the necessity for 
equal logic 1 output voltages from the 
7490 as well as matched vie for the transis- 
tors. A better performance with similar 

economy can be achieved by using a 7407 
hex buffer as shown in the accompanying 
diagram. The effect of changes in vcem 
with temperature can be minimized by 
connecting the non-inverting input of the 
op-amp to the output of an unused buffer 
at logic 0. The 7407 could be replaced 
by a 7405 if temperature compensation 
is not required or for the addition of a 
less significant digit. 
R. J. Chance, 
Birmingham. 
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RIAA-equalized pre-amplifier 
The amplifier shown in the diagram was 
designed to combine the advantages 
claimed by proponents of either side of a 
recent correspondence in this magazine. 
It has the low noise (less than — 70dB 
ref. 5mV input) and high overload 
capability (almost 30dB above 3mV input) 
of a series feedback-pair design, and the 
low distortion (0.05% i.m. distortion at 
2V r.m.s. output) of the Liniac. 

The first stage is basically a Liniac-type 
circuit with emitter resistors, one of which 

reduces the d.c. gain, and thus the 
amount of d.c. feedback applied, improving 
transient response over the usual feedback 
pair arrangement. This feeds into a second, 
X10 stage, which, contrary to normal 
practice, has part of its emitter resistance 
undecoupled, preventing shunting of the 
first stage high impedance dynamic load 
by this second stage input impedance. 
S.F.Bywaters, 
University College, 
London. 
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Dual limit comparator 
using single op-amp 
This circuit was designed to give a positive 
output when the input voltage exceeded 
plus or minus 8.5 volts. Between these 
limits the output is negative. The positive 
limit point is determined by the ratio of Rt> 
R 1 , and the negative point by R 1 , RJ. The 
forward voltage drop across the diodes 
must be allowed for. The output may be 
inverted by reversing the inputs to the 
operational amplifier. The 709 is used 
without frequency compensation. 
K. Pickard, 
Otley, Yorks. 

Novel power amplifier 
This circuit obtains a differential output 
from a type 741 operational amplifier, by 
using its power supply pins. These out­
puts are used to drive power Darlingtons, 
which use high voltage supplies. This type 
of differential output is possible due to 
the op-amp power supply rejection ratio 
(typically 30f.l V N) and its class B output 
stage. The output pin of the 741 is loaded 
with RJJ to obtain maximum current 
swings at the 741 's supply pins. 

The ± 15 volt supplies required by the 
741 are obtained by resistor divider chains 
R 3 , R 4 and R 3 , R 6 and transistors Tr1 & 
Tr2 transfer their outputs to the 741 's 
supply pins by their emitter follower 
action. 

Quiescent current drawn from each 
high voltage rail by the 741 (typically 
1.7mA) flows through the transistors pro­
ducing a voltage across their collector 
loads that is fed to the base of the power 
Darlington output transistors to set their 
quiescent current. Darlington pairs are 
used to prevent loading of the voltages 
developed by the current variations 

+ 15V 

diodes 1N914 's -15V 

through Tr1 and Tr2 • 

The capacitor connected between the 
74l's output and the power Darlington's 
output, supplies stabilizing negative feed­
back to the last-mentioned. The capacitor 
across R 10 provides high fi·equency roll­
off. 

For other supply voltages, change the 
divider resistors but maintain the 5mA 
through the divider chain. Any general­
purpose transistors for Tr1 and Tr2 may 
be used and the Darlington pairs may be 
made up from discrete types of transistors. 
Higher gains can also be used by changing 
R, and R10 and C1 to maintain maximum 
frequency response with stability. 

Components shown in broken lines 
are for optional zeroing of output offset, 
if the circuit is used in a servo system for 
example. With component values as 
shown, 30 watts can be delivered into 
eight ohms from d.c. to 100kHz (with 
X 10 gain) with less than 0.2% distortion. 
Kenneth Griffiths, 
Y atton, Somerset. 
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Micropower low-noise 
amplifier 
This amplifier has ultra-low power require­
ments (1.35V, 4~-JA), low noise (about 
IOfJV pk-pk equivalent input noise with 
lOMO source impedance), lOMO input 
impedance, and a high voltage gain of 
2000. It was designed for use in implanted 
transmitters which detect brain and heart 
potentials. 

High input impedance is attained by 
current-starving Tr, , which operates in the 
200nA region. The 2N4250 transistor was 
chosen because its gain remains high 
(j3 X 200) at very low voltages and currents. 
It is, in addition, a low-noise transistor. 
The low current in Tr1 limits the band­
width of the amplifier to about 5kHz, but 
this is acceptable for biological work. The 
input impedance is determined primarily 
by the lOMO bias feed resistor. The 
tnmsistors Tr1 and Tr3 provide additional 
gain. 

The amplifier had gain constant to 
within 10% over a -10°C to + l00°C 
temperature range, It is self-biased, with 
Tr4 clamping the bias line, to prevent low­
frequency instability. The low-frequency 
roll-off is determined primarily by C1 , · 

but when changing this capacitor c2 
should also be altered in the same ratio. 
This will prevent another form of low­
frequency instability which occurs when 
C2 is too small. Capacitor C3 adjusts the 
high-frequency cut:off point, and may be 
omitted if desired. As shown, the ampli­
fier has 3-dB points at 3 and 80Hz, suitable 
for heart-beat monitoring. 
C. Horwitz, 
University of Sydney, 
Australia. 

WWDiary 
The Wireless World Diary for 1975 is now 
available from booksellers price 62p or 
direct from the publishers, T. J. & J. 
Smith Ltd, Deer Park Road, London 
SW19 3UT, at 72p including postage and 
packing. 
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Dual limit comparator 
using single op-amp 
This circuit was designed to give a positive 
output when the input voltage exceeded 
plus or minus 8.5 volts. Between these 
limits the output is negative. The positive 
limit point is determined by the ratio of R,. 
R:, and the negative point by -R,, R ,. The 
forward voltage drop across the diodes 
must be allowed for. The output may be 
inverted by reversing the inputs to the 
operational amplifier. The 709 is used 
without frequency compensation. 
K. Pickard, 
Otiey, Yorks. 
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Novel power amplifier 
This circuit obtains a differential output 
from a type 741 operational amplifier, by 
using its power supply pins. These out- 
puts are used to drive power Darlingtons, 
which use high voltage supplies. This type 
of differential output is possible due to 
the op-amp power supply rejection ratio 
(typically 30pV/V) and its class B output 
stage. The output pin of the 741 is loaded 
with Rn to obtain maximum current 
swings at the 74 Vs supply pins. 

The + 15 volt supplies required by the 
741 are obtained by resistor divider chains 
R3, R4 and Rs, R6 and transistors 7>, & 
Tr2 transfer their outputs to the 74 Ts 
supply pins by their emitter follower 
action. 

Quiescent current drawn from each 
high voltage rail by the 741 (typically 
1.7mA) flows through the transistors pro- 
ducing a voltage across their collector 
loads that is fed to the base of the power 
Darlington output transistors to set their 
quiescent current. Darlington pairs are 
used to prevent loading of the voltages 
developed by the current variations 

through Tr, and Tr2. 
The capacitor connected between the 

74rs output and the power Darlington's 
output, supplies stabilizing negative feed- 
back to the last-mentioned. The capacitor 
across Rw provides high frequency roll- 
off. 

For other snpply voltages, change the 
divider resistors but maintain the 5mA 
through the divider chain. Any general- 
purpose transistors for Tr, and Tr, may 
be used and the Darlington pairs may be 
made up from discrete types of transistors. 
Higher gains can also be used by changing 
R, and RI0 and C, to maintain maximum 
frequency response with stability. 

Components shown in broken lines 
are for optional zeroing of output offset, 
if the circuit is used in a servo system for 
example. With component values as 
shown, 30 watts can be delivered into 
eight ohms from d.c. to 100kHz (with 
X 10 gain) with less than 0.2% distortion. 
Kenneth Griffiths, 
Yatton, Somerset. 
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Micropower low-noise 
amplifier 
This amplifier has ultra-low power require- 
ments (1.35V, 4pA), low noise (about 
lOpV pk-pk equivalent input noise with 
lOMQ source impedance), IOMO input 
impedance, and a high voltage gain of 
2000. It was designed for use in implanted 
transmitters which delect brain and heart 
potentials. 

Trj 
acios s .2 

Tr, 
2N4250 

H 
An? 

TOW 50n 

O-30V 

High input impedance is attained by 
current-starving Tr,, which operates in the 
200nA region. The 2N4250 transistor was 
chosen because its gain remains high 
(p X 200) at very low voltages and currents, 
ft is, in addition, a low-noise transistor. 
The low current in TV, limits the band- 
width of the amplifier to about 5kHz, but 
this is acceptable for biological work. The 
input impedance is determined primarily 
by the 10MQ bias feed resistor. The 
transistors TV, and Tr3 provide additional 
gain. 

The amplifier had gain constant to 
within 10% over a — 10oC to + 100oC 
temperature range. It is self-biased, with 
TV, clamping the bias line, to prevent low- 
frequency instability. The low-frequency 
roll-off is determined primarily by C,, ' 
but when changing this capacitor C2 
should also be altered in the same ratio. 
This will prevent another form of low- 
frequency instability which occurs when 
Cj is too small. Capacitor C, adjusts the 
high-frequency cut-off point, and may be 
omitted if desired. As shown, the ampli- 
fier has 3-dB points at 3 and 80Hz,suitable 
for heart-beat monitoring. 
C. Horwitz, 
University of Sydney, 
Australia. 

WW Diary 

The Wireless World Diary for 1975 is now 
available from booksellers price 62p or 
direct from the publishers, T. J. & J. 
Smith Ltd, Deer Park Road, London 
SW19 3UT, at 72p including postage and 
packing. 



Wireless World, December 1974 505 

Liquid-cooled povver amplifier 
by I. L. Stefani and R. Perryman 

The amplifier to be described in this article was developed as part of a research programme in 
which it was employed to excite magnetic specimens. The original model was designed to produce 
peak currents slightly in excess of 1 0 amperes at frequencies ranging from zero to 5kHz, but 
operating experience indicated that the equipment w as capable of being uprated by a substant.ial 
amount, and it is thought that pub~ication of the construct ional details might be of use to workers 
in other fields. 

The need to operate with cLc. and at 
very low frequencies indicated that some 
form of transistor bridge should be used, 
and after one or two simple air-cooled 
arrangements had been tried, it was 
decided to experiment with liquid cooling. 
The first tests used power transistors 
mounted in pairs in two water-filled copper 
tanks, and while this arrangement enabled 
the ratings to be raised by some 30%, 
the onset of thermal runaway was rather 
sudden and it was felt that the small 
increase in output was a poor return for 
the extra complications. The tests proved 
to be useful, however, as they pointed the 
way to a more satisfactory form of 
liquid cooling. The following points were 
noted: 

Natural circulation was slow and hard 
to start. 
Stagnant layers of fluid collected round 
the transistors. 
Relatively large thermal gradients 
appeared to exist in the transistor 
cases. 
As a result of these observations a new 

series of tests was undertaken with the 
output transistors mounted in such a way 
that each received a turbulent flow of 
liquid close to the active element. Forced 
circulation and a fan-assisted heat 
exchanger were also incorporated, al­
though flow from a tap was found to be 
very effective. 

The electrical circuit was initially 
designed round two complementary pairs 
of emitter-followers connected so that 
each pair formed one half of a bridge, 
but it was subsequently thought that 
performance could be improved if the out­
put elements were used as current­
boosters assisting emitter-followers of 
lower rating. A scheme of this type was 
employed by I. Hardcastle and B. Lane1 

and its success influenced the final 
1. High power amplifier. I. Hardcastle and B. Lane. 
Wireless World, Oct. 1970, p. 477. 

decision to adopt this arrangement. Diffi­
culties were encountered with output voltage 
stabilization and with the design of a gain 
control which did not cause a shift in the 
d.c. balance at the output. These points 
will be taken up later. 

Various liquids were considered for the 
coolant, but the final choice was water 
with a little "Prestone" inhibitor added. 

Output stage 
The general layout of the liquid-cooled 
output stage is shown in Fig. I. Cool 
liquid is pumped into . a small tank to 
equalize the pressure applied to the 
branches and the coolant is then passed 
through four short lengths of polythene 
tubing to the transistor bank. After cooling 
the· transistor's the warm fluid is returned 
to another tank from which it flows to a 
fan-assisted heat exchanger of the type 
commonly used for car heating. The com­
plete fluid circuit is outlined in Fig. 2. 
Fig. 3 shows the constructional details 
of the flow and return tanks which are 
identical except for the lengths of the inlet 
and outlet pipes. The transistor mount­
ings are cut from f in brass plate to si~es 
given in Fig. 4, which also shows the 
manner of bending the pins and the 
construction of the cover plate. The 
skewing of the bent portions of the pins 
prevents contact between adjacent tran­
sistors when they- are mounted in a bank. 
Before assembly, leads should be soldered 
to the pins, and the brass surfaces should 
be sealed with a little "Silcoset" sealing 
compound. Great care should be taken 
when sealing the transistors to the mount­
ing blocks for if any seepage occurs in 
the regions of the base pins, the high cur­
rent gains will make the booster stage 
virtually uncontrollable. Normal motor 
gasket sealing compounds have not been 
found to be satisfactory. 

When the amplifier is operating, cool 
liquid is pumped into the lower tank where 

Fig. 1 Mechanical layout of liquid-cooled 
power output stage 

expansion 
tonk 

ton~ 

pump 

Fig. 2 Complete fluid cooling circuit 

Fig. 3 Dimensions and constructional 
details off/ow and return tanks. 
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Liquid-cooled power amplifier 

by 1. L. Stefani and R. Perryman 

The amplifier to be described in this article was developed as part of a research programme in 
which it was employed to excite magnetic specimens. The original model was designed to produce 
peak currents slightly in excess of 10 amperes at frequencies ranging from zero to 5kHz, but 
operating experience indicated that the equipment was capable of being uprated by a substantial 
amount, and it is thought that publication of the constructional details might be of use to workers 
in other fields. 

The need to operate with d.c. and at 
very low frequencies indicated that some 
form of transistor bridge should be used, 
and after one or two simple air-cooled 
arrangements had been tried, it was 
decided to experiment with liquid cooling. 
The first tests used power transistors 
mounted in pairs in two water-filled copper 
tanks, and while this arrangement enabled 
the ratings to be raised by some 30%, 
the onset of thermal runaway was rather 
sudden and it was felt that the small 
increase in output was a poor return for 
the extra complications. The tests proved 
to be useful, however, as they pointed the 
way to a more satisfactory form of 
liquid cooling. The following points were 
noted: 

Natural circulation was slow and hard 
to start. 
Stagnant layers of fluid collected round 
the transistors. 
Relatively large thermal gradients 
appeared to exist in the transistor 
cases. 
As a result of these observations a new 

series of tests was undertaken with the 
output transistors mounted in such a way 
that each received a turbulent flow of 
liquid close to the active element. Forced 
circulation and a fan-assisted heat 
exchanger were also incorporated, al- 
though flow from a tap was found to be 
very effective. 

The electrical circuit was initially 
designed round two complementary pairs 
of emitter-followers connected so that 
each pair formed one half of a bridge, 
but it was subsequently thought that 
performance could be improved if the out- 
put elements were used as current- 
boosters assisting emitter-followers of 
lower rating. A scheme of this type was 
employed by I. Hardcastle and B. Lane1 

and its success influenced the final 
1. High power amplifier. I. Hardcastle and B. Lane. 
Wireless World, Oct. 1970, p. 477. 

decision to adopt this arrangement. Diffi- 
culties were encountered with output voltage 
stabilization and with the design of a gain 
control which did not cause a shift in the 
d.c. balance at the output. These points 
will be taken up later. 

Various liquids were considered for the 
coolant, but the final choice was water 
with a little "Prestone" inhibitor added. 

Output stage 
The general layout of the liquid-cooled 
output stage is shown in Fig. 1. Cool 
liquid is pumped into a small tank to 
equalize the pressure applied to the 
branches and the coolant is then passed 
through four short lengths of polythene 
tubing to the transistor bank. After cooling 
the transistors the warm fluid is returned 
to another tank from which it flows to a 
fan-assisted heat exchanger of the type 
commonly used for car heating. The com- 
plete fluid circuit is outlined in Fig. 2. 
Fig. 3 shows the constructional details 
of the flow and return tanks which are 
identical except for the lengths of the inlet 
and outlet pipes. The transistor mount- 
ings are cut from |in brass plate to sizes 
given in Fig. 4, which also shows the 
manner of bending the pins and the 
construction of the cover plate. The 
skewing of the bent portions of the pins 
prevents contact between adjacent tran- 
sistors when they are mounted in a bank. 
Before assembly, leads should be soldered 
to the pins, and the brass surfaces should 
be sealed with a little "Silcoset" sealing 
compound. Great care should be taken 
when sealing the transistors to the mount- 
ing blocks for if any seepage occurs in 
the regions of the base pins, the high cur- 
rent gains will make the booster stage 
virtually uncontrollable. Normal motor 
gasket sealing compounds have not been 
found to be satisfactory. 

When the amplifier is operating, cool 
liquid is pumped into the lower tank where 
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power output stage 

expansion 
tank heat 

exchanger 

ton 

amplifier 

pump 
Fig. 2 Complete fluid cooling circuit 

fin let 3" 
outlet 2" 

brass 

T/a 

1 /e 
r/e" % copper 

approx 25° 

Fig. 3 Dimensions and constructional 
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it divides into four streams, each stream 
passing through a ~in dia. hole in the 
mounting block to strike the transistor 
at a point immediately opposite its active 
element. The water subsequently passes 
up the ~in wide slot to the f in diameter 
exit hole and back to the return tank. 

The output circuit 
The operation of the output stage 
may be readily understood by reference 
to Fig. 5, which shows emitter-followers 
Tr2 and Tr1 supplying a small current 
to a load. The resistors R2 and R1 have 
little effect on the performance of the 
transistors other than to cause a slight 
reduction in their maximum voltage 
swings, but the voltages developed across 
these resistors may be used to operate 
current boosters in the form of com­
plementary power transistors Tr4 and Tr5 • 

The collector of each booster acts as a 
current source and forces a large current 
into the load without substantially altering 
the voltage drop associated with the 
emitter-follower. Thus the load current is 
large and the effective source impedance 

8FX88 
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Fig. 4 Dimensions of transistor mountings. 
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Fig. 6 Circuit of the complete output bridge. 
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it divides into four streams, each stream 
passing through a ^in dia. hole in the 
mounting block to strike the transistor 
at a point immediately opposite its active 
element. The water subsequently passes 
up the 55 in wide slot to the |in diameter 
exit hole and back to the return tank. 

The output circuit 
The operation of the output stage 
may be readily understood by reference 
to Fig. 5, which shows emitter-followers 
Tr2 and TV, supplying a small current 
to a load. The resistors and Rs have 
little effect on the performance of the 
transistors other than to cause a slight 
reduction in their maximum voltage 
swings, but the voltages developed across 
these resistors may be used to operate 
current boosters in the form of com- 
plementary power transistors Tr, and Tr5. 
The collector of each booster acts as a 
current source and forces a large current 
into the load without substantially altering 
the voltage drop associated with the 
emitter-follower. Thus the load current is 
large and the effective source impedance 
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is low. In the actual amplifier the tran­
sistors Tr4 and Tr5 are replaced by 
Darlington-pairs mounted in T03 cases. 
This raises the · sensitivity so that the 
booster operates directly from low power 
driver and output stages built into a 
printed circuit. When two output and 
booster stages are connected together to 
form a pair of bridge arms, the biasing of 

· the emitter-follower bases requires the 
provision of a constant-voltage circuit 
capable of being preset to give an output 
between 1.2 and 1.5 volts. This biasing 
circuit is used to adjust the standing 
current passing through the power tran­
sistors which form the bridge arms. (See 
Fig. 5.) The complete output bridge is 
shown in Fig. 6. 

The driving stages 
The transistors driving the emitter­
followers must be operated with their 
emitters joined to one of the supply bus bars 
or it will not be possible to provide sufficient 
voltage swing to operate the bridge properly. 
(See Fig. 5.) This means that the driving 
stages are prone to drift and some means of 
correcting this tendency must be devised. 
The method used is the application of 
feedback in two separate forms: first, the 
mid point of the output is stabilized via 
(Fig. 6) Tr 8 and resistor R 1 which regulate 
the standing current passing through the 
input stages, and second, conventional 
voltage or parallel feedback is used. The 
feedback circuits are drawn in heavy lines 
in Fig. 6, which shows the basic arrange­
ment of the power stages. The 4 70pF 
capacitors connected to the driving stages 
prevent high frequency instability and 
emitter resistors in the booster stages 
produce a certain amount of thermal 
stabilization. The 0.250 resistors have to 
carry large currents and they are con­
structed from short lengths of Eureka 
wire wound into helical coils. 

Finally, in order to facilitate setting up, 
it is advisable to insert manganin shunts 
or removable links in the bridge arms at S 
for monitoring the standing currents. The 
amplifier now in use has small ammeters 
permanently connected to manganin 
shunts. 

The preamplifier 
The duties of the preamplifier are three­
fold. First, it is required to provide a voltage 
gain, and second, it should enable this gain 
to be varied. Finally it must convert the 
single-ended input to a balanced output. 
The first and third functions present no 
difficulties, but the second is a possible 
source of trouble as the d.c. passing 
through the gain control produces a voltage 
drop which alters with the setting and is 
considerably magnified in passing through 
the amplifier. Matched f.e.ts were tried out 
in the controlled stages but the degree of 
balance did not prove sufficient to prevent 
severe drift with changes of temperature. 
The final arrangement used a rheostat to 
partially short-circuit the output of a care­
fully balanced double-transistor amplifier 
stage. The mean voltage drop using this 
scheme is .independent of the control 
setting. The circuit, with component values, 
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Fig. 7 Preamplifier circuit. 

is shown in Fig. 7. 
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Setting up and testing: With water flowing 
through the output boosters and the IOkO 
bias trimmers turned right back, the supply 
voltage should be turned on and the feed­
back resistor R1 adjusted until the mean 
output voltage is about 15V for a 30-volt 
supply. The gain control should then be 
turned to the short-circuited position and 
the lkO balance control on the preamplifier 
adjusted until the voltage between the out­
put terminals shows zero on a d.c. voltmeter. 
When the gain is turned to a maximum 
this voltage will usually change and it 
should be returned to zero by means of the 
4 700 balance control. The bias controls 
should then be carefully turned clockwise 
until currents of 1 to 2A flow in each of 
the pairs of bridge arms. After allowing the 
stage to warm up the trimmers should be 
rechecked. Exhaustive testing has not been 
carried out because the amplifier has been 
in continual use for well over a year, but a 
few test results are given as an indication 
of the performance. 

Max. open circuit voltage swing 
when using a 32V d.c. supply: 58V 
(20.5V r.m.s.) 

Max. output current swing (limited 
by the power unit): 34A (12A r.m.s.) 

Max. power: greater than 230W 
Output impedance: less than 0.50 
Frequency range: approximately 

~110kHz 
For general use it is advisable to install 
some means of protection. Possibly a flow­
operated switch and thermocouples on the 
transistor mounting blocks should be 
considered. 

Finally, it should be recorded that the 
amplifier in its present form does not heat 
up very much. This suggests that it might 
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output to 
power section 

be possible to uprate the design by a sub­
stantial margin; the simplest method would 
appear to be to raise the supply voltage and 
adjust some of the circuit component 
values accordingly. 

(sixty Yean Ago) 
It always seems a pity when legendary 
phenomena are explained in terms of modern 
scientific theories, and many people would 
ascribe this iconoclastic trend to the last 30 or 
40 years. But it seems that we were at it long 
before that, as witness this extract from the 
December, 1914 issue of The Wireless Wo1·/d, 
in which W. B. Cole implies that Joshua was a 
bringer of "bad vibes". 

" .. . it seems quite clear to the writer that 
Moses, who was learned in all the wisdom of 
the Egyptians, imparted to his successor 
Joshua the knowledge of the principle of 
resonance, and that Joshua; discovering that 
the wall of Jericho responded to a certain note, 
made use of this principle. 

"During the week he kept his men busy walk­
ing round the city in order to keep the inhabi­
tants within (verse 1). The Israelites were 
strictly enjoined to maintain silence, so that the 
priests who blew with the trumpets might make 
the necessary acoustical experiments, and to 
tune all their trumpets to the same pitch. The 
seventh day all was ready. The people com­
pletely encircled the city and at a given signal 
the priests blew with their trumpets, the people 
shouted, the same note, and the effect of this 
choir of 40,000 men (Josh. iv, 13) caused the 
wall to collapse." 
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is low. In the actual amplifier the tran- 
sistors Tr4 and Trs are replaced by 
Darlington-pairs mounted in T03 cnses. 
This raises the sensitivity so that the 
booster operates directly from low power 
driver and output stages built into a 
printed circuit. When two output and 
booster stages are connected together to 
form a pair of bridge arms, the biasing of 
the emitter-follower bases requires the 
provision of a constant-voltage circuit 
capable of being preset to give an output 
between 1.2 and 1.5 volts. This biasing 
circuit is used to adjust the standing 
current passing through the power tran- 
sistors which form the bridge arms. (See 
Fig. 5.) The complete output bridge is 
shown in Fig. 6. 

The driving stages 
The transistors driving the emitter- 
followers must be operated with their 
emitters joined to one of the supply busbars 
or it will not be possible to provide sufficient 
voltage swing to operate the bridge properly. 
(See Fig. 5.) This means that the driving 
stages are prone to drift and some means of 
correcting this tendency must be devised. 
The method used is the application of 
feedback in two separate forms: first, the 
mid point of the output is stabilized via 
(Fig. 6) 7>s and resistor Rf which regulate 
the standing current passing through the 
input stages, and second, conventional 
voltage or parallel feedback is used. The 
feedback circuits are drawn in heavy lines 
in Fig. 6, which shows the basic arrange- 
ment of the power stages. The 470pF 
capacitors connected to the driving stages 
prevent high frequency instability and 
emitter resistors in the booster stages 
produce a certain amount of thermal 
stabilization. The 0.250 resistors have to 
carry large currents and they are con- 
structed from short lengths of Eureka 
wire wound into helical coils. 

Finally, in order to facilitate setting up, 
it is advisable to insert manganin shunts 
or removable links in the bridge arms at S 
for monitoring the standing currents. The 
amplifier now in use has small ammeters 
permanently connected to manganin 
shunts. 

The preamplifier 
The duties of the preamplifier are three- 
fold. First, it is required to provide a voltage 
gain, and second, it should enable this gain 
to be varied. Finally it must convert the 
single-ended input to a balanced output. 
The first and third functions present no 
difficulties, but the second is a possible 
source of trouble as the d.c. passing 
through the gain control produces a voltage 
drop which alters with the setting and is 
considerably magnified in passing through 
the amplifier. Matched f.e.ts were tried out 
in the controlled stages but the degree of 
balance did not prove sufficient to prevent 
severe drift with changes of temperature. 
The final arrangement used a rheostat to 
partially short-circuit the output of a care- 
fully balanced double-transistor amplifier 
stage. The mean voltage drop using this 
scheme is independent of the control 
setting. The circuit, with component values, 
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is shown in Fig. 7. 

Setting up and testing: With water flowing 
through the output boosters and the lOkO 
bias trimmers turned right back, the supply 
voltage should be turned on and the feed- 
back resistor Rf adjusted until the mean 
output voltage is about 15V for a 30-volt 
supply. The gain control should then be 
turned to the short-circuited position and 
the IkQ balance control on the preamplifier 
adjusted until the voltage between the out- 
put terminals shows zero on a d .c. voltmeter. 
When the gain is turned to a maximum 
this voltage will usually change and it 
should be returned to zero by means of the 
470Q balance control. The bias controls 
should then be carefully turned clockwise 
until currents of 1 to 2A flow in each of 
the pairs of bridge arms. After allowing the 
stage to warm up the trimmers should be 
rechecked. Exhaustive testing has not been 
carried out because the amplifier has been 
in continual use for well over a year, but a 
few test results are given as an indication 
of the performance. 

Max. open circuit voltage swing 
when using a 32V d.c. supply: 58V 
(20.5V r.m.s.) 

Max. output current swing (limited 
by the power unit): 34A (12A r.m.s.) 

Max. power: greater than 230W 
Output impedance: less than 0.50 
Frequency range: approximately 

0-110kHz 
For general use it is advisable to install 
some means of protection. Possibly a flow- 
operated switch and thermocouples on the 
transistor mounting blocks should be 
considered. 

Finally, it should be recorded that the 
amplifier in its present form does not heat 
up very much. This suggests that it might 

be possible to uprate the design by a sub- 
stantial margin; the simplest method would 
appear to be to raise the supply voltage and 
adjust some of the circuit component 
values accordingly. 

[Sixty Years Ago] 

It always seems a pity when legendary 
phenomena are explained in terms of modem 
scientific theories, and many people would 
ascribe this iconoclastic trend to the last 30 or 
40 years. But it seems that we were at it long 
before that, as witness this extract from the 
December, 1914 issue of The Wireless World, 
in which W. B. Cole implies that Joshua was a 
bringer of "bad vibes". 

. . it seems quite clear to the writer that 
Moses, who was learned in all the wisdom of 
the Egyptians, imparted to his successor 
Joshua the knowledge of the principle of 
resonance, and that Joshua, discovering that 
the wall of Jericho responded to a certain note, 
made use of this principle. 

"During the week he kept his men busy walk- 
ing round the city in order to keep the inhabi- 
tants within (verse 1). The Israelites were 
strictly enjoined to maintain silence, so that the 
priests who blew with the trumpets might make 
the necessary acoustical experiments, and to 
tune all their trumpets to the same pitch. The 
seventh day all was ready. The people com- 
pletely encircled the city and at a given signal 
the priests blew with their trumpets, the people 
shouted, the same note, and the effect of this 
choir of 40,000 men (Josh, iv, 13) caused the 
wall to collapse." 
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Measuren1ent and detection vvith 
current differencing an1plifiers 
Introducing a set of tested circu_its presented in cookery-card form 

by J. Carruthers, J. H. Evans:J. Kinsler and P. Will iams 

Paisley College ofT echnology 

Three sets of Circards deal with a new kind of i.e. building brick-the LM3900 current differencing 
amplifier. Sets 16 and 17 cover signal processing and generation circuits respectively. and set 18 
on measurement and detection will be issued shortly. 

Pattern recognition is one sign that a 
technology is reaching maturity. The early 
stages following new advances are a suc­
cession of bright ideas, half-worked-out 
theories and unrelated developments. This 
is inevitable as workers in many areas take 
from the original material that which meets 
their needs-or appeals to their prejudices. 

In circuit design the same configura­
tions appear under many guises and 
names, developed quite independently and 
for different applications. If we can re­
cognize these similarities and construct 
the appropriate family tree this is worth­
while in itself. 

But we can do more. If two circuits 
are similar in form because related in 
function, then by finding any other circuit 
designed for one of the functions there 
is a good chance that it can be modified to 
provide the other. A good designer is one 
who picks the best brains.* 

The present topic is a particularly good 
illustration of this thesis. The problem 
is to measure some property of the 
amplitude of an a.c. waveform. Four cir­
cuits have their properties listed in the 
table and circuit diagrams representing a 
basic feedback form of each are shown in 
Figs 1 to 4. The configurations are 
identical, the differences lying only in 
whether conduction is through a diode or 
a switch, and whether the load is re­
sistive or capacitive. This identity of form 
is far from apparent in practical versions 
since there are so many additional com­
ponents and sub-circuits to optimize the 
response or effect coupling between other 
circuits/transducers. 

The half-wave rectifier uses a diode as 
does the peak rectifier. It begins conduc­
tion through the diode as soon as the input 
goes positive remaining in conduction for 
the phase angle range 0 to n: for sine-wave 
input. The mean value of the output is 
normally required, and a moving-coil meter 
is suitable as the deflection is proportional 
to the mean current. 

*To quote Tom Lehrer: 
Plagiarise Plagiarise 
Remember why the good Lord m.ade your eyes 
So don't shade your eyes 
But Plagiarise Plagiarise Plagiarise 
- only please to call it Research 

When the resistive load is replaced by a 
capacitor, conduction of the diode only 
takes place for those instants when the 
input voltage exceeds the voltage stored on 
the capacitor. For a steady-state a.c. signal 
this corresponds to the positive peak of 
the input, and assuming no discharge of 
the capacitor in the intervening period 
the conduction angle is vanishingly small 
and is centred on n:/2 • The resulting con­
stant voltage across· the capacitor is 
measurable with any d.c. voltmeter whose 
input current requirements are so small 
as to avoid significant capacitor discliarge. 

To accommodate varying signal ampli­
tudes some discharge must be permitted 
since a small amplitude would otherwise 
never be sensed if following a larger input. 
The resistive path leads to a compromise 
time constant between maximum holding 
time of the peak voltage and minimum 
recovery time after large peaks. Con­
versely, the half-wave rectifier suffers from 
capacitive effects at high frequency with 
stray capacitance leading to partial peak 
rectification. The resulting output/fre­
quency characteristic often shows a rise of 
.1 to 3dB prior to the cut-off frequency 
limits of the amplifier. 

The sampling circuit replaces the diode 
of the half-wave rectifier by a switch which 
closes for a brief interval at some phase 
angle determined by external circuits. The 
output is zero for all instants except the 
sampling instant. With capacitive loading, 
provided the switch closure is for a period 
of time greater than the time constant of 
the capacitance together v.1th the amplifier 
output resistance, then the capacitor volt-

Four types of circuit, listed here, to 
measure the amplitude of an a.c. wave­
form-see Figs. 1 to 4. 

Circuit load Conduction Conduction VoltmBter 
angles, ?1• ?2 device 

Sample A arbitrary switch instantaneous 
Ll¢~0 

Half-wave R 0, 1r diode mean/d.c. 
rectifier moving coil 

Sample and arbitrary switch d.c. 
hold Llp~ O 

Peak rectifier c rt, 1( 
diode d.c. 22 

o~-------------J[~---0 

o-----------------J[~--0 
Figs.l-4. Types of circuit used to 
measure amplitude of a. c. waveforms (see 
Table). Complete circuits are given in 
cards 7 and' 8 in set 18. 
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Measurement and detection with 

current differencing amplifiers 

Introducing a set of tested circuits presented in cookery-card form 

by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams 

Paisley College of Technology 

Three sets of Circards deal with a new kind of i.e. building brick—the LM3900 current differencing 
amplifier. Sets 16 and 17 cover signal processing and generation circuits respectively, and set 18 
on measurement and detection will be issued shortly. 

Pattern recognition is one sign that a 
technology is reaching maturity. The early 
stages following new advances are a suc- 
cession of bright ideas, half-worked-out 
theories and unrelated developments. This 
is inevitable as workers in many areas take 
from the original material that which meets 
their needs—or appeals to their prejudices. 

In circuit design the same configura- 
tious appear under many guises and 
names, developed quite independently and 
for different applications. If we cau re- 
cognize these similarities and construct 
the appropriate family tree this is worth- 
while in itself. 

But we can do more. If two circuits 
are similar in form because related in 
function, then by finding any other circuit 
designed for one of the functions there 
is a good chance that it can be modified to 
provide the other. A good designer is one 
who picks the best brains.* 

The present topic is a particularly good 
illustratiou of this thesis. The problem 
is to measure some property of the 
amplitude of an a.c. waveform. Four cir- 
cuits have their properties listed in the 
table and circuit diagrams representing a 
basic feedback form of each are shown in 
Figs 1 to 4. The configurations are 
identical, the differences lying only in 
whether conduction is through a diode or 
a switch, and whether the load is re- 
sistive or capacitive. This identity of form 
is far from apparent iu practical versions 
since there are so many additional com- 
ponents and sub-circuits to optimize the 
response or effect coupling between other 
circuits/transducers. 

The half-wave rectifier uses a diode as 
does the peak rectifier. It begins conduc- 
tion through the diode as soon as the input 
goes positive remaining in conduction for 
the phase angle range 0 to tt for sine-wave 
input. The mean value of the output is 
normally required, and a moving-coil meter 
is suitable as the deflection is proportional 
to the mean current. 

*To quote Tom Lehrer; 
Plagiarise Plagiarise 
Remember why the good Lord made your eyes 
So don't shade your eyes 
But Plagiarise Plagiarise Plagiarise 
—only please to call it Research 

When the resistive load is replaced by a 
capacitor, conduction of the diode only 
takes place for those instants when the 
input voltage exceeds the voltage stored on 
the capacitor. For a steady-state a.c. signal 
this corresponds to the positive peak of 
the input, and assuming no discharge of 
the capacitor in the intervening period 
the conduction angle is vanishingly small 
and is centred on n!2. The resulting con- 
stant voltage across the capacitor is 
measurable with any d.c. voltmeter whose 
input current requirements are so small 
as to avoid significant capacitor discharge. 

To accommodate varying signal ampli- 
tudes some discharge must be permitted 
since a small amplitude would otherwise 
never be sensed if following a larger input. 
The resistive path leads to a compromise 
time constant between maximum holding 
time of the peak voltage and minimum 
recovery time after large peaks. Con- 
versely, the half-wave rectifier suffers from 
capacitive effects at high frequency with 
stray capacitance leading to partial peak 
rectification. The resulting output/fre- 
quency characteristic often shows a rise of 
1 to 3dB prior to the cut-off frequency 
limits of the amplifier. 

The sampling circuit replaces the diode 
of the half-wave rectifier by a switch which 
closes for a brief interval at some phase 
angle determined by external circuits. The 
output is zero for all instants except the 
sampling instant. With capacitive loading, 
provided the switch closure is for a period 
of time greater than the time constant of 
the capacitance together with the amplifier 
output resistance, theu the capacitor volt- 

Four types of circuit, listed here, to 
measure the amplitude of an a.c. wave- 
form—see Figs. 1 to 4. 
Circuit Load Conduction 

angles, 
Conduction 

device 
Voltmeter 

Sample H arbitrary 
vld-O 

switch instantaneous 

Half-wave 
rectifier 

R 0. n diode mean/d.c. 
moving coil 

Sample anri 
hold 

C arbitrary 
zld-0 

switch d.c. 

Peak rectifier C n. jc 
22 

diode d.c. 

O- 
-W- 

-o 

r 

-w- -o 

-o 

o—* O 

Figs. 1—4. Types of circuit used to 
measure amplitude of a.c. waveforms (see 
Table). Complete circuits are given in 
cards 7 and 8 in set 18. 
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Fig. 5. LM3900 c. d. a. is well-suited to 
measurement of time period and frequency. 
An input capacitor can alternatively be 
charged through a diode to form a "pump" 
circuit (see card 1 0). 

v 

Fig. 6. Defining operating conditions for 
testing a zener diode with a c.d.a. 
(see card 5). 

age becomes equal to the input voltage 
(again a compromise since the sampling 
period should not be so long as to allow 
a significant change in the input). If the 
switch is closed periodically at the same 
instant in successive cycles then the 
sampling time may be reduced, with the 
capacitor voltage increasing to the re­
quired level over a number of periods. 
With the switch open, as it is for most of 
the time, the capacitor stores or holds the 
sampled voltage, provided the measuring 
instrument is suitably buffered. 

The sampling circuits are readily con­
structed with current-differencing ampli-

fiers, and long hold times are possible. 
With careful adjustment the output drift 
can be < 5 %/hour under controlled con­
ditions which is a good performance from 
such a general-purpose circuit. The accu­
racy is less impressive since the current­
mirror match is involved, and it cannot 
compete with standard op-amp circuits 

in this respect. 

Measuring period and frequency 
The measurement of time period and 
frequency is another field to which the 
circuit is well-suited. A pulse waveform 
of constant width and height but variable 
frequency is fed as in Fig. 5 to the ampli­
fier with parallel RC feedback . The mean 
voltage across the capacitor is then directly 
proportional to the inp·ut frequency. Alter­
natively frequency and pulse height may 
be kept constant when the output: becomes 
a measure of pulse width. The availability 
of two inputs extends this capability to 
the measurement of frequency difference 
or sum. Alternatively an input capacitor 
may be charged and discharged through 
a diode network to give the equivalent of 
a diode pump/transistor pump type of 
frequency meter {tachometer). 

The d.c. characteristics of the amplifier 
can be used to simultaneously define the 
operating conditions of diodes, zeners 
etc, while providing a low output impedance 
point for ease of measurement (Fig. 6). 
Finally, the circuit may be used in con­
junction with an external network of 
resistors and diodes to perform quite com­
plex logic functions such as exclusive-OR. 
Though offering no competition for the 
usual logic families for large-scale applica­
tions, they are very convenient for providing 
a small number of logic functions in an 
existing· system. The wide range of supply 
voltages pa.rticularly commend them for 
such applications. 

Examples of the redesigned circards, takenfrom a recent set. 

Titles of cards in set 18 of 
Circards are 

1 Measurement and detection 
2 Logic circuits 
3 Phase-locked loop 
4 Transducer driving 
5 Semiconductor device testing 
6 Negative resistance circuits 
7 Peak/mean rectifiers 
8 Sample and hold circuits 
9 High-frequency circuits 

I 0 Tachometers 

What are Circards? 

509 

Circards are a new method of collating and 
presenting data about circuits in a compact 
and easily retrievable way. The sets of 203 X 
127mm (8 X Sin) double-sided cards are de­
signed for easy filing in standard boxes and for 
easy access at the desk or at the bench, where 
transparent plastics wallets keep the cards in 
good condition. 

Each card normally describes operation of 
a selected circuit, gives measured performance 
data and graphs, component values and ranges, 
circuit limitations and modifications to alter 
performance. Suggestions for further reading 
are included together with cross references to 
related circuits. The Circard concept was out­
lined more fully in the October 1972 issue of 
Wireless World, pp. 469/70. 

How to get Circards 
Order a subscription by sending £13.50 for a 
series of ten sets to 

Circards 
IPC Electrical-Electronic Press Ltd 
General Sales Department, Room 11 
Dorset House 
Stamford Street 
London SEI 9LU 

Specify which set your order should start with, 
if not the current one. One set costs £1 .50, 
postage included (all countries). Make cheques 
payable to IPC Business Press Ltd. 

Circuits covered so far in Circards are 
1 active filters 
2 switching circuits (comparator and Schmitt 

circuits) 
3 waveform generators 
4 a.c. measurement 
5 audio circuits (equalizers, tone controls, 

filters) 
6 constant-current circuits 
7 power amplifiers (classes A, B, C and D) 
8 astable multivibrator circuits 
9 optoelectronics: devices and uses 

10 micropower circuits 
11 basic logic gates 
12 wideband amplifiers 
13 alarm circuits 
14 digital circuits 
15 pulse modulators 
16 current-differencing amplifiers-signal pro­

cessing 
17 c.d.as- signal generation 
18 c.d.as-measurement and detection 

Future sets will cover monostable cir­
cuits, two-transistor circuits, multipliers 
and dividers, code converters, d.c. ampli­
fiers and choppers, amplitude modulation 
and detection, transistor arrays, a.f. 
oscillators and voltage-to-frequency con­
verters. 
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Fig. 5. LM3900 c.d.a. is well-suited to 
measurement of time period and frequency ■ 
An input capacitor can alternatively be 
charged through a diode to form a "pump" 
circuit (see card 10). 
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Fig. 6. Defining operating conditions for 
testing a zener diode with a c.d.a. 
(see card 5). 

age becomes equal to the input voltage 
(again a compromise since the sampling 
period should not be so long as to allow 
a significant change in the input). If the 
switch is closed periodically at the same 
instant in successive cycles then the 
sampling time may be reduced, with the 
capacitor voltage increasing to the re- 
quired level over a number of periods. 
With the switch open, as it is for most of 
the time, the capacitor stores or holds the 
sampled voltage, provided the measuring 
instrument is suitably buffered. 

The sampling circuits are readily con- 
structed with current-differencing ampli- 

fiers, and long hold times are possible. 
With careful adjustment the output drift 
can be < 5%/hour under controlled con- 
ditions which is a good performance from 
such a general-purpose circuit. The accu- 
racy is less impressive since the current- 
mirror match is involved, and it cannot 
compete with standard op-amp circuits 
iu this respect. 

Measuring period and frequency 
The measurement of time period and 
frequency is another field to which the 
circuit is well-suited. A pulse waveform 
of constant width and height but variable 
frequency is fed as in Fig. 5 to the ampli- 
fier with parallel RC feedback. The mean 
voltage across the capacitor is then directly 
proportional to the input frequency. Alter- 
natively frequency and pulse height may 
be kept constant when the output becomes 
a measure of pulse width. The availability 
of two inputs extends this capability to 
the measurement of frequency difference 
or sum. Alternatively an input capacitor 
may be charged and discharged through 
a diode network to give the equivalent of 
a diode pump/transistor pump type of 
frequency meter (tachometer). 

The d.c. characteristics of the amplifier 
can be used to simultaneously define the 
operating conditions of diodes, zeners 
etc, while providing a low output impedance 
point for ease of measurement (Fig. 6). 
Finally, the circuit may be used in con- 
junction with an external network of 
resistors and diodes to perform quite com- 
plex logic functions such as exclusive-OR. 
Though offering no competition for the 
usual logic families for large-scale applica- 
tions, they are very convenient for providing 
a small number of logic functions in an 
existing system. The wide range of supply 
voltages particularly commend them for 
such applications. 
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Titles of cards in set 18 of 
Circards are 

1 Measurement and detection 
2 Logic circuits 
3 Phase-locked loop 
4 Transducer driving 
5 Semiconductor device testing 
6 Negative resistance circuits 
7 Peak/mean rectifiers 
8 Sample and hold circuits 
9 High-frequency circuits 

10 Tachometers 

What are Circards? 
Circards are a new method of collating and 
presenting data about circuits in a compact 
and easily retrievable way. The sets of 203 X 
127mm (8 X Sin) double-sided cards are de- 
signed for easy filing in standard boxes and for 
easy access at the desk or at the bench, where 
transparent plastics wallets keep the cards in 
good condition. 

Each card normally describes operation of 
a selected circuit, gives measured performance 
data and graphs, component values and ranges, 
circuit limitations and modifications to alter 
performance. Suggestions for further reading 
are included together with cross references to 
related circuits. The Circard concept was out- 
lined more fully in the October 1972 issue of 
Wireless World, pp. 469/70. 

How to get Circards 
Order a subscription by sending £13.50 for a 
series of ten sets to 

Circards 
IPC Electrical-Electronic Press Ltd 
General Sales Department, Room 11 
Dorset House 
Stamford Street 
London SE1 9LU 

Specify which set your order should start with, 
if not the current one. One set costs £1.50, 
postage included (all countries). Make cheques 
payable to IPC Business Press Ltd. 

Circuits covered so far in Circards are 
1 active filters 
2 switching circuits (comparator and Schmitt 

circuits) 
3 waveform generators 
4 a.c. mcasnrement 
5 audio circuits (equalizers, tone controls. 

filters) 
6 constant-current circuits 
7 power amplifiers (classes A, B. C and D) 
8 astable multivibrator circuits 
9 optoelectronics: devices and uses 

10 micropower circuits 
11 basic logic gates 
12 wideband amplifiers 
13 alarm circuits 
14 digital circuits 
15 pnlse modulators 
16 current-differencing amplifiers—signal pro- 

cessing 
17 c.d.as—signal generation 
18 c.d.as—measurement and detection 

Future sets will cover monostable cir- 
cuits, two-transistor circuits, multipliers 
and dividers, code converters, d.c. ampli- 
fiers and choppers, amplitude modulation 
and detection, transistor arrays, a.f. 
oscillators and voltage-to-frequency con- 
verters. 

Examples of the redesigned circards, taken from a recent set. 
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Capacitors 
A survey of present day capacitor technology and applications 

by R. A. Fairs 

Rank Radio International 

This is a survey of the properties and parameters involved in the construction and use of capacitors and dielectrics. Simple equivalent circuit analysis is also explained. The second half of the survey deals with different types of capacitors: electrolytics, paper. plastic film. mica and ceramic. The construction of each type is described together with particular properties of each type and their circuit application. Finally an applications chart relates the different properties and parameters. 

Progress in semiconductor technology 
has led to an increasing dependence on the 
role of commercially available capacitors 
in a circuit. A glance at any electrical net­
work reveals that about 30% of the com­
ponents used are capacitors; and that 
about 40% of all failures encountered are 
due to misuse in circuit application of 
these capacitors. 

The impedance of a capacitor, Z, 
largely controls its behaviour m any circuit 
application. The manner in which this 
impedance deviates from that of a true 
capacitor requires the construction of an 
equivalent circuit for practical capacitors. 
This can be done quite simply and Fig. 1 
.shows the familiar parallel plate capacitor 
together with its equivalent circuit. 

We can reduce this circuit to a simple 
resonant circuit (Fig. 2) whose impedance 
curve (impedance vs frequency) when plot­
ted on log-log. graph paper is a hyperbola 
whose shape and orientation depends on 
the values of L,, R, , and C (Fig. 3). 
We can make the following observations: 
e /small Z=::: l/2nfC=::.X, 
e /resonant Z =::.R, (20kHz-+ lMHz) 
e /large Z=::.2njL,=:::XLs 

The resonant frequency of capacitors 
varies considerably from about 20kHz for 
electrolytic capacitors to around I MHz 
for plastic film types and is even higher for 
ceramics. Fig. 4 shows the impedance 
curve of a tantalum electrolytic capacitor. 
The prime cause of the curve deviating 
from a hyperbola is temperature differ­
ences which affect the parameters of a 
capacitor in a non-linear fashion, so in 
some applications manufacturer's data 
must be consulted. 

The inductance of the capacitor is 
largely controlled by the dimensions of 
the external leads imd the method of con­
nection to the capacitor section. In tubular 
capacitors the ratio of the length of the 
capacitor section to its diameter is also 
significant. To minimize the effect of 
inductance, most electrolytic capacitors 
have low inductance · windings. Fig. 5· 
shows a reduction in inductance by a fac­
tor of 26 by this method. 

As a rule of thumb the inductance of a 

Rp 

Fig. I . Equivalent circuit of a typical 
capacitor: L,-equivalent series 
inductance, R,-equivalent series 
resistance, RP- leakage resistance (or 
parallel loss resistance), C-apparent 
capacitance. 

Fig. 2. Simple series resonant circuit 
where Z =JR:+(XL1 - X<)2 
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Fig. 3. Impedance versus frequency curve 
of the simple resonant circuit shown in 
Fig. 2. 
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Fig. 4. Impedance curve for a tantalum 
electrolytic capacitor. 

normal capacitor, length lcm, is of the 
same order as a piece of 22 swg wire of 
length lcm. 

For capacitance value a temperature co­
efficient (t.c.) is defined by: 

t.c. L1C X I ()6 
C. Lit 

change in capacitance X 106 

orig. capacitance X change in temp. 

=appm/°C 

where ppm= parts per million. 
By defining the temperature coefficient 
in this manner it is independent of the units 
of capacitance . 

It is usual to operate capacitors well 
below their resonant frequency, and thus 
neglect the effects of inductance. Fig. 2 
simplifies to an equivalent circuit which 
is universally used, that of a "lossy" 
capacitor in Fig. 6. 

By considering this circuit one can 
develop terms which are extensively used 
throughout the capacitor industry. From 
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winding 
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. d I low- In uctance / 
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Fig. 5. Impedance reduction obtained by 
low inductance winding. 
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Fig. 6. Equivalent circuit of a "lossy" 
capacitor operated well below the resonant 
frequency. 
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? survey 0!the pr0perties ant, parameters involved in the construction and use of capacitors and dielectrics. Simple equivalent circuit analysis is also explained. The second half of the survey 
deals with different types of capacitors: electrolytics, paper, plastic film, mica and ceramic. The 
construction of each type is described together with particular properties of each type and their 
circuit application. Finally an applications chart relates the different properties and parameters. 

Progress in semiconductor technology 
has led to an increasing dependence on the 
role of commercially available capacitors 
in a circuit. A glance at any electrical net- 
work reveals that about 30% of the com- 
ponents used are capacitors; and that 
about 40% of all failures encountered are 
due to misuse in circuit application of 
these capacitors. 

The impedance of a capacitor, Z, 
largely controls its behaviour in any circuit 
application. The manner in which this 
impedance deviates from that of a true 
capacitor requires the construction of an 
equivalent circuit for practical capacitors. 
This can be done quite simply and Fig. 1 
shows the familiar parallel plate capacitor 
together with its equivalent circuit. 

We can reduce this circuit to a simple 
resonant circuit (Fig. 2) whose impedance 
curve (impedance vs frequency) when plot- 
ted on log-log. graph paper is a hyperbola 
whose shape and orientation depends on 
the values of Ls, R,, and C (Fig. 3). 
We can make the followiug observatious: 
• /small l/2nfC^Xc 
• /resonant Z=zJis (20kHz-> 1MHz) 
• /large Z^2nJL^XLs 

The resonant frequency of capacitors 
varies considerably from about 20kHz for 
electrolytic capacitors to around I MHz 
for plastic film types and is even higher for 
ceramics. Fig. 4 shows the impedance 
curve of a tantalum electrolytic capacitor. 
The prime cause of the curve deviating 
from a hyperbola is temperature differ- 
ences which affect the parameters of a 
capacitor in a non-linear fashion, so in 
some applications manufacturer's data 
must be consulted. 

The inductance of the capacitor is 
largely controlled by the dimensions of 
the external leads and the method of con- 
nection to the capacitor section. In tubular 
capacitors the ratio of the length of the 
capacitor section to its diameter is also 
significant. To minimize the effect of 
inductance, most electrolytic capacitors 
have low inductance windings. Fig. 5- 
shows a reduction in inductance by a fac- 
tor of 26 by this method. 

As a rule of thumb the inductance of a 
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U 

Fig. I. Equivalent circuit of a typical 
capacitor: Ls—equivalent series 
inductance, R,—equivalent series 
resistance, Rp—leakage resistance (or 
parallel loss resistance), C—apparent 
capacitance. 
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Fig. 2. Simple series resonant circuit 
where Z^R2,+(XL-XJ2 
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Fig. 3. Impedance versus frequency curve 
of the simple resonant circuit shown in 
Fig. 2. 
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Fig. 4. Impedance curve for a tantalum 
electrolytic capacitor. 

normal capacitor, length 1cm, is of the 
same order as a piece of 22 swg wire of 
length 1cm. 

For capacitance value a temperature co- 
efficient (t.c.) is defined by: 

t.c.= ACx 10" 
C.At 

change in capacitance X 10^ 
orig. capacitance X change in temp. 

=appra/0C 

where ppm=parts per million. 
By defining the temperature coefficient 
in this manner it is independent of the units 
of capacitance. 

It is usual to operate capacitors well 
below their resonant frequency, and thus 
neglect the effects of inductance. Fig. 2 
simplifies to an equivalent circuit which 
is universally used, that of a "lossy" 
capacitor in Fig. 6. 

By considering this circuit one can 
develop terms which are extensively used 
throughout the capacitor industry. From 
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Fig. 5. Impedance reduction obtained by 
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capacitor operated well below the resonant 
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Waycom have complete 
capacitor capability 

Dielectric/Electrode Capacitance mfd Vo ltage D .C. Encapsulation 

Polycarbonate Metallized 0.01- 10mfd 63-400V d.c. Cylindrical metal case 

Polycarbonate Metallized 1-60mfd 63- 400V d.c. Rectangular metal case 

Polycarbonate Metallized 0.0 1- lOmfd 63 & 100V d.c. Flat oval metal case 

Polycarbonate Metallized 0.022-6.8mfd 160-400V d.c. Plastic case 

Polycarbonate & Metallized Film 0.01-3.3mfd 250- 1000V d.c. Plastic case 

Polycarbonate Film & Foil 100pF-0.47mfd 160 & 400V d.c. Epoxy, compression mould 

Polycarbonate F ilm & Foil 100pF- 0. 1m fd 160-1000V d.c. Epoxy, cast mould 

Polyester Metallized 0.01- 22mfd 63- 400V d.c. Sleeve with epoxy resin seal 

Polyester Metallized 0.01- 10mfd 63- 1000V d.c. Epoxy, compression mould 

Polyester Metallized 0.01-lmfd 100 & 250V d.c. Epoxy, cast mould 

Polyester Metallized 0.1 -22mfd 63- 250V d.c. Plastic case 

Polyester Metallized 3-40mfd 100& 250mfd Rectangular metal case . 

Polyester Film & Foil 47pF-0.1 mfd 100-400V d.c. Epoxy, cast mould 

Polyester Film & Foil 1000pF- 0.068mfd 100- 400V d.c. Epoxy, compression mould 

Polyester Fi lm & Foi l 1000pF- 0.047mfd 100V d.c. Epoxy, cast mou ld 

Polyester Fi lm & Foi l 1000pF- 0.1 mfd 160 & 400V d.c. Epoxy, cast mou ld 

Paper & Foil 470pF- 0.22mfd 400- 1250V d.c. Epoxy, cast mould 

Po~proftylene Film 
& etal ized Foil 0.01-1.0mfd 250-1 OOOV d.c. Plastic case 

Choice of Dielectric Up to 100mfd up to 400V d.c. 
Custom Design Optional 

Polystyrene Film & Foil 20pF-0.6mfd 25-1000V d.c. Plastic case or dipped 

Polystyrene Film & Foil 22pF-0.1mfd 15- 1000V d.c. Unencapsu lated 

Ceramic 1.8pF-6.8mfd 25- 200V d.c. Dipped Coat 

Ceramic 10pF-1.0mfd 50- 200V d.c. Moulded case 

Aluminium Electrolyt ic 22-10000mfd 6.3-63V d.c. Cylindrical metal case 

Solid Tantalum Subminiature .001-47mfd 2-50V d.c. Epoxy 

Solid Tantalum Metal Case .0047-33mfd 6-100V d.c. Cylindrical metal case, glass-to-metal 
seal 

Solid Tantalum Metal Case . 0047-33mfd 6-100V d.c . Cylindrical metal case, glass-to-metal 
seal 

Solid Tantalum, Miniature Metal 
Case .0047-330mtd 2- 50V d.c. Cylindrical metal case, epoxy end seal 

Solid Tantalum, Non-Po lar .05-160mfd 6-100V d.c. Cylindrical metal case, glass-to-metal 
seal 

Solid Tantalum, Feed T hrough 3.5-60mfd 6-75V d.c. Cylindrical metal case, glass-to-metal 
seal 

Wet Tantalum Metal Case 1.7-560mfd 6-125V d.c. Cylindrical metal case, glass-to-metal 
seal 

Wet Tantalum Metal Case 70-2400mfd 15-150V d.c. Rectangular metal case, glass-to-metal 
seal 

Foil Tantalum, Polar& Non-Polar 
Plain Foil 0.1-400mfd 3-450V d.c. 

Cylindrical metal case, elastomer 
or glass-to-metal end seal 

Foil Tantalum, Polar & Non-Polar 
Etched & High Etched Foil 0.25-1300mtd 15-150V d,c. 

Cylindrical metal case, glass-to-metal 
seal 

Foil Tantalum, Polar & Non-Polar 
Custom Design Up to 1 Farad 3- 300V d.c. 

Rectangular metal case glass-to-metal 
seal 

Foil Tentalumd Polar & Non-Polar 
Plain & Etche Foil 3-3500mfd 15- 150V d.c. 

Rectangu lar metal case, elastomer or 
glass-to-metal end seal 

Write or 'phone for full details: 

a51 

Leads Type Reference 

Axial Wima M KB3 

Tags Wima M KB4 

Axial WimaMKB5 

Radial Wima M KC4 

Radial WimaMKC10 

Radial Wima FKC 

Rad ial Wima FKC3 

Axial Wima Tropyfol M 

Radial WimaMKS 

Radial Wima M KS3 

Radial WimaMKS4 

Tags WimaMKB1 

Axial Wima Tropyfol F 

Radial Wima F KS 

Radial Wima FKS2 min 

Radial Wima FKS3 

Axial Wima Durolit 

Radial Wima MKP10 

Optional T Series 

Axial 602/603/617 

Axi~l& 
Rad1al 611/616/619 

Radial Sky Cap 

Radial CK05& CK06 

Axial Wima Print 1 

Axial& Micro 1 Series Radial 

Axial S Series 

Axial Mii.C-39003 

Axial C Series 

Axial N/S Series 

Co-axial Feed-Thru 

Axial W1 Series 

Tags W2 Series 

Axial ~C31,C32, 
& 3 Series 

Axial 
C20, C21, C22, C23, 
C70 , C71, C72 & C73 

Tags Custom Design Series 

Tags C51, C52, C53 
& C54Series 

IIIIJIYCOIII 111/JITED Wokingham Road, Brack nell, Berkshire RG 12 1 ND 
Telephone: Bracknell 22751 Telex 848402 

WW-o89 FOR FURnlER DETAILS 
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Waycom have complete 

capacitor capability 
. i 

Dielectric/Electrode Capacitance mfd Voltage D.C. Encapsulation Leads Type Reference 

Polycarbonate Metallized 0.01—10m fd 63—400V d.c. Cylindrical metal case Axial Wima MKB3 

Polycarbonate Metallized 1—60mfd 63—400V d.c. Rectangular metal case Tags Wima MKB4 

Polycarbonate Metallized 0.01 —lOmfd 63 & 100V d.c. Flat oval metal case Axial Wima MKB5 

Polycarbonate Metallized 0.022—6.8mfd 160—400V d.c. Plastic case Radial Wima MKC4 

Polycarbonate & Metallized Film 0.01—3.3mfd 250-1000V d.c. Plastic case Radial Wima MKC10 

Polycarbonate Film & Foil lOOpF—0.47mfd 160 & 400V d.c. Epoxy, compression mould Radial Wima FKC 

Polycarbonate Film & Foil lOOpF—O.lmfd 160—1000V d.c. Epoxy, cast mould Radial Wima FKC3 

Polyester Metallized 0.01-22 mfd 63—400V d.c. Sleeve with epoxy resin seal Axial Wima Tropyfol M 

Polyester Metallized 0.01—10m fd 63—1000V d.c. Epoxy, compression mould Radial Wima MKS 

Polyester Metallized 0.01-1 mfd 100 & 250V d.c. Epoxy, cast mould Radial Wima MKS3 

Polyester Metallized 0.1—22mfd 63-250V d.c. Plastic case Radial Wima MKS4 

Polyester Metallized 3—40mfd 100 & 250mfd Rectangular metal case Tags Wima MKB1 

Polyester Film & Foil 47 pF—O.lmfd 100—400V d.c. Epoxy, cast mould Axial Wima Tropyfol F 

Polyester Film & Foil lOOOpF—O.OSSmfd 100-400V d.c. Epoxy, compression mould Rad ial Wima FKS 

Polyester Film & Foil 10OOpF —0.047m fd 100V d.c. Epoxy, cast mould Radial Wima FKS2 min 

Polyester Film & Foil lOOOpF—O.lmfd 160 & 400V d.c. Epoxy, cast mould Radial Wima FKS3 

Paper & Foil 470pF —0.22mfd 400-1250V d.c. Epoxy, cast mould Axial Wima Durolit 

Polypropylene Film 
& Metallized Foil 0.01—I.Omfd 250-1000V d.c. Plastic case Radial Wima MKP10 

Choice of Dielectric Up to lOOmfd up to 400V d.c. 
Custom Design Optional Optional T Series 

Polystyrene Film & Foil 20pF—O.Smfd 25-1000V d.c. Plastic case or dipped Axial 602/603/617 

Polystyrene Film & Foil 22pF—O.lmfd 15-1000V d.c. Unencapsulated Axigl & 
Radial 611/616/619 

Ceramic I.SpF—6.8mfd 25—200V d.c. Dipped Coat Radial Sky Cap 

Ceramic lOpF—I.Omfd 50—200V d.c. Moulded case Radial CKOS& CK06 

Aluminium Electrolytic 22—lOOOOmfd 6.3—63V d.c. Cylindrical metal case Axial Wima Print 1 

Solid Tantalum Subminiature .001—47mfd 2—50V d.c. Epoxy Axial & 
Radial Micro 1 Series 

Solid Tantalum Metal Case .0047—33mfd 6-100V d.c. Cylindrical metal case, glass-to-metal 
seal Axial S Series 

Solid Tantalum Metal Case .0047—33mfd 6-100V d.c. Cylindrical metal case, glass-to-metal 
seal Axial Mil-C-39003 

Solid Tantalum, Miniature Metal 
Case .0047—330mfd 2-50V d.c. Cylindrical metal case, epoxy end seal Axial C Series 

Solid Tantalum, Non-Polar ,05—160mfd 6—100V d.c. Cylindrical metal case, glass-to-metal 
seal Axial N/S Series 

Solid Tantalum, Feed Through 3.5—SOmfd 6—75V d.c. Cylindrical metal case, glass-to-metal 
seal Co-axial Feed-Thru 

Wet Tantalum Metal Case 1.7—560m fd 6-125V d.c. Cylindrical metal case, glass-to-metal 
seal Axial W1 Series 

Wet Tantalum Metal Case 70—2400mfd 15-150V d.c. Rectangular metal case, glass-to-metal 
seal Tags W2 Series 

Foil Tantalum, Polar & Non-Polar 
Plain Foil 0.1—400mtd 3-450V d.c. Cylindrical metal case, elastomer 

or glass-to-metal end seal Axial C30, C31.C32, 
& C33 Series 

Foil Tantalum, Polar & Non-Polar 
Etched & High Etched Foil 0.25—1300mfd 15-150V d.c. Cylindrical metal case, glass-to-metal 

seal Axial C20, C21, C22, C23, 
C70. C71, C72 & C73 

Foil Tantalum, Polar & Non-Polar 
Custom Design Up to 1 F arad 3—300V d.c. Rectangular metal case glass-to-metal 

seal Tags Custom Design Series 

Foil Tantalum, Polar & Non-Polar 
Plain & Etched Foil 3—3500mfd 15—150V d.c. Rectangular metal case, elastomer or 

glass-to-metal end seal Tags CS1,C52. C53 
& C54 Series 

Write or 'phone for full details: 

■ SMJESTCZB Wokingham Road, Brackneil, Berkshire RG12 1ND 
Wm§% W W WflW LaKWMK M KmM Telephone: Brackneil 22751 Telex 848402 

WW—089 FOR FURTHER DETAILS 
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We are proud to be 
practically the last major 
supplier of POLYSTYRENE 
CAPACITORS who produce 
ALL their capacitors in the 
UNITED KINGDOM. 

Please write or telephone for details. 

Wireless World, December 1974 

But in saying this we are rwt suffering 
from a severe case of jingoism. We krww 
that many of our customers are trying very 
hard to keep their component stocks to a 
minimum, and it is useful in these circumstances 
to have a supplier who can produce 
10,000 capacitors of some odd value at 
the drop of a hat-{)r should we say 
the wave of a flag. 
Other products include high-voltage 
capacitors, high-current capacitors, 
polyester capacitors, electrolytic 
capacitors, polypropylene capacitQrs, 
polycarbonate capacitors. 

l.[.R. [ampanents WOODFIELD WORKS 
TREDEGAR MON 
Tel 0495-25 3131 Telex497201 

WW~96 FOR FURTHER DETAILS 
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We are proud to be 

practically the last major 

supplier of POLYSTYRENE 

CAPACITORS who produce 

ALL their capacitors in the 

UNITED KINGDOM. 

Please write or telephone for details. 

But in saying this toe are not suffering 

from a severe case of jingoism. We know 

that many of our customers are trying very 

hard to keep their component stocks to a 

minimum, and it is useful in these circumstances 

to have a supplier who can produce 

10,000 capacitors of some odd value at 

the drop of a hat—or should we say 

the wave of a flag. 

Other products include high-voltage 

capacitors, high-current capacitors, 

polyester capacitors, electrolytic 

capacitors, polypropylene capacitors, 

polycarbonate capacitors. 

W 

ICR Cnmnnnpntc =aeb™ s 
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the phasor diagram, Fig. 7, we make the 
basic definitions: 

Loss angle, 6 

Phase angle, ¢ 

Impedance, Z= JX/+R/ 

Power factor (p.f.)= true power 
apparent power 

=p'-= cos¢=sin6 z 
D. . . " (d t:) resistance JSS1pat10n tactor . .. = ;:.:;.:=.::.=.:..::..=. 

reactance 

=R"= tan6 
XC 

For small R,, d.f.::::::p.f. (sincesinc5:=:::tanc5 
for 6<0.15) 

This relation holds for almost all com­
mercially available capacitors. 

.It is easily seen that for a good capaci­
tor, {) must be small, but exactly what 
variations occur with frequency and capa­
citance value will be important in capacitor 
application and requires some dielectric 
theory explained in the appendix. 

Leakage current 
This quantity is dependent on the parallel 
loss resistivity (Rp) of the capacitor, which 
has a negligible effect on the equivalent 
series resistance, R., except for low fre­
quencies. It can be shown that 

1 R =--+R 
P wCR, ' 

The relationship can be understood by 
considering a perfect capacitor discharging 
through a resistor as shown in Fig. 10. 
The behaviour of the circuit is described by: 

Q+dQR = 0 
C dt D 

. dQ - dt 
l.e,Q= RC 

(logcQn=< -t/RC)~ 
or: Q = Q. e - tiRe (1) 

dQ I -1/RC 
1=-=-•e (2) 

dt RC 

Eqn. (1) shows that the leakage current 
varies with time, and thus a fixed value of 
the current, l, is only realized after a fixed 
time. For electroiytic capacitors this time 
is usually 15 minutes. 

The quantity RC is known as the time 
constant of the capacitor and is of the 
order of days for polystyrene capacitors, 
and several seconds for electrolytics. 

Dielectric absorption 
The rate at which a capacitor charges is 
important. A perfect capacitor when con-

nected to a d.c. supply of E volts would 
charge according to 

- t!RC 
. 1 = (E/R)e (3) 

In practice, deviation from (3) occurs 
because if a fully charged capacitor is 
discharged and allowed to remain open 
circuit for some time a new charge accu­
mulates within the capacitor showing that 
a fraction of the original charge has been 
"absorbed" by the dielectric. A time log 
therefore exists between the rate of 
charging and of discharging the capacitor. 

Dielectric strength 
The voltage at which the dielectric breaks 
down is a measure of the dielectric 
strength of the medium. This depends on 
the test conditions and the thickness of the 
material. It thus imposes a stress on. the 
medium and is usually measured in volts/ 
metre. Of associated importance is the 
insulation resistance which will follow 
approximately eqn (4) 

R R, '(4) 
t· eK(T- t) 

where Rr=insulation resistance at 
temperature T and R, = insulation resist­
ance at temperature t. K is a constant 
(0·1 for paper capacitors and 0·05 for 
mica and ceramic capacitors). 

Energy losses 
For a perfect capacitor, C, operating at V 
volts, the energy stored is given by eqns 
(5) and (6). 

E = J~vdQ (5) 

= J~vd(C.v)=CJ~vdv= 1/2CJI2 (6) 

However, the phase difference between 
the vectors E and D defined in the appendix 
causes a hysteresis loop (similar to the 
B, H curves observed for ferromagnetic 
materials), betwe.en the charge Q, and 
applied voltage V. The energy dissipated _ 
per cycle of the loop will be given by 
eqn (5) and will vary with the frequency 
of the applied field, so that the total 
energy stored in tl1e capacitor will be less 
than the result predicted by eqn (6). 

General considerations 
For a parallel plate capacito.r working in 
vacuo, the capacitance, C, between the 
plates, ignoring edge effects, is given by 

C = c .Aid (7) 

where e • is the permittivity of free space, 
.A is the area of plates, d is the distance 
between plates. 

When a dielectric is placed between the 
plates the capacitance of the system 
changes to C1 where C1 is related to C by 

c = C
1 

=permittivity of dielectric (8) 
C or dielectric constant. 

From these equations we see that to 
obtain the highest capacitance in the 
smallest volume, c must be high, and d 
must be small. Translated into manufac­
turing techniques this requires a thin foil 
of high permittivity capable of withstand­
ing the stresses imposed by the working 
conditions of the capacitor. 

,.. 
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Fig. 7. Phasor diagram related to the 
equivalent circuit of a "lossy" capacitor. 

I 
6 
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FREQUENCY, f (Hz) 

Fig. 8. Loss angle versus frequency for a 
polar dielectric material. 

One has already seen that the cost of 
obtaining a high permittivity, illustrated by 
Fig. 8, is its frequency dependence. · 

The most important considerations in 
choosing a capacitor for particular appli­
cations are: capacity/physical size, aQd 
shape; working voltage; frequency charac­
teristics (effect of frequency in impedance 
and dissipation factor);, insulation resist­
ance; environmental conditions (tempera­
ture and humidity considerations) and 
cost. 

A brief survey of the types of capacitors 
available now follows. 

Electrolytic capacitors 
Capacitors of this type are physically the 
largest available; their CV product (capaci­
tance value X working voltage) is also 
large. Typical application of these capaci­
tors is to be seen in power supply circuits 
and coupling between audio amplifier 
stages. 

The large capacitance evolves from the 
use of a very .thin dielectric film (about 
lnm thick). Such a film is ·realized prac­
tically by oxidizing a suitable metal 
(usually aluminium or tantalum). The 
method employed is that of anodic oxida­
tion, i.e. by making the metal the anode 
when immersed in an electrolytic bath. 

The resulting dielectric film is extremely 
strong possessing a dielectric strength of 
the order of 10' vm- 1, although imper­
fections in this film lead to leakage being a 
typical characteristic. 

For aluminium electrolytic capacitors, 
the oxide is produced on a 99.99% pure 
aluminium foil at an oxide thickness pro­
portional to the working voltage of the 
capacitor. This voltage is often called the 
polarising voltage and its function i~ to 
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the phasor diagram, Fig. 7, we make the 
basic definitions: 

Loss angle, 6 

Phase angle, 4 

Impedance, Z= ■jXf+R,2 

Power factor (p.L)= true power 
apparent power 

=^=cos$l=sini5 

Dissipation factor (d.f.) = resistance 
reactance 

=|=tan6 

For small R,, d.f.~p.f. (since sin6=tan<5 
for 6<0-15) 

This relation holds for almost all com- 
mercially available capacitors. 

It is easily seen that for a good capaci- 
tor, (5 must be small, but exactly what 
variations occur with frequency and capa- 
citance value will be important in capacitor 
application and requires some dielectric 
theory explained in the appendix. 

Leakage current 
This quantity is dependent on the parallel 
loss resistivity (Rp) of the capacitor, which 
has a negligible effect on the equivalent 
series resistance, Rs, except for low fre- 
quencies. It can be shown that 

«0=—i— p coCR 
+R, 

The relationship can be understood by 
considering a perfect capacitor discharging 
through a resistor as shown in Fig. 10. 
The behaviour of the circuit is described by: 

=0 
C At " 

. dQ — dt i.e,—=  
Q RC 

(logc0i=(-f/RC)i 
or: fi=Q„e -'«c 

I=l- T=^=jLe-"
RC 

At RC 

(1) 

(2) 

Eqn. (1) shows that the leakage current 
varies with time, and thus a fixed value of 
the current, /, is only realized after a fixed 
time. For electrolytic capacitors this time 
is usually 15 minutes. 

The quantity RC is known as the time 
constant of the capacitor and is of the 
order of days for polystyrene capacitors, 
and several seconds for electrolytics. 

Dielectric absorption 
The rate at which a capacitor charges is 
important. A perfect capacitor when con- 

nected to a d.c. supply of E volts would 
charge according to 

-l/RC 
/=(£AR)e (3) 

In practice, deviation from (3) occurs 
because if a fully charged capacitor is 
discharged and allowed to remain open 
circuit for some time a new charge accu- 
mulates within the capacitor showing that 
a fraction of the original charge has been 
"absorbed" by the dielectric. A time log 
therefore exists between the rate of 
charging and of discharging the capacitor. 

Dielectric strength 
The voltage at which the dielectric breaks 
down is a measure of the dielectric 
strength of the medium. This depends on 
the test conditions and the thickness of the 
material. It thus imposes a stress on the 
medium and is usually measured in volts/ 
metre. Of associated importance is the 
insulation resistance which will follow 
approximately eqn (4) 

Rt=—^  (4) r eK{T-t) K 

where J?r= insulation resistance at 
temperature T and S,=insulation resist- 
ance at temperature t. K is a constant 
(0-1 for paper capacitors and 0-05 for 
mica and ceramic capacitors). 

Energy losses 
For a perfect capacitor, C, operating at V 
volts, the energy stored is given by eqns 
(5) and (6). 

(5) E=f^dQ 

= d(c.p)= Cdv= X/ICV2 (6) 

However, the phase difference between 
the vectors E and D defined in the appendix 
causes a hysteresis loop (similar to the 
B, H curves observed for ferromagnetic 
materials), between the charge Q, and 
applied voltage V. The energy dissipated , 
per cycle of the loop will be given by 
eqn (5) and will vary with the frequency 
of the applied field, so that the total 
energy stored in the capacitor will be less 
than the result predicted by eqn (6). 

General considerations 
For a parallel plate capacitor working in 
vacuo, the capacitance, C, between the 
plates, ignoring edge effects, is given by 

C=e0Ald (7) 

where e0 is the permittivity of free space, 
A is the area of plates, d is the distance 
between plates. 

When a dielectric is placed between the 
plates the capacitance of the system 
changes to C where C is related to C by 

e=—=permittivity of dielectric (8) 
C or dielectric constant. 

From these equations we see that to 
obtain the highest capacitance in the 
smallest volume, e must be high, and d 
must be small. Translated into manufac- 
turing techniques this requires a thin foil 
of high permittivity capable of withstand- 
ing the stresses imposed by the working 
conditions of the capacitor. 

Fig. 7. Phasor diagram related to the 
equivalent circuit of a "lossy" capacitor. 
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Fig. 8. Loss angle versus frequency for a 
polar dielectric material. 

One has already seen that the cost of 
obtaining a high permittivity, illustrated by 
Fig. 8, is its frequency dependence. 

The most important considerations in 
choosing a capacitor for particular appli- 
cations are: capacity/physical size, and 
shape: working voltage; frequency charac- 
teristics (effect of frequency in impedance 
and dissipation factor): insulation resist- 
ance; environmental conditions (tempera- 
ture and humidity considerations) and 
cost. 

A brief survey of the types of capacitors 
available now follows. 

Electrolytic capacitors 
Capacitors of this type are physically the 
largest available; their CF product (capaci- 
tance value x working voltage) is also 
large. Typical application of these capaci- 
tors is to be seen in power supply circuits 
and coupling between audio amplifier 
stages. 

The large capacitance evolves from the 
use of a very thin dielectric film (about 
Inm thick). Such a film is realized prac- 
tically by oxidizing a suitable metal 
(usually aluminium or tantalum). The 
method employed is that of anodic oxida- 
tion, i.e. by making the metal the anode 
when immersed in an electrolytic bath. 

The resulting dielectric film is extremely 
strong possessing a dielectric strength of 
the order of ICC Vm~', although imper- 
fections in this film lead to leakage being a 
typical characteristic. 

For aluminium electrolytic capacitors, 
the oxide is produced on a 99.99% pure 
aluminium foil at an oxide thickness pro- 
portional to the working voltage of the 
capacitor. This voltage is often called the 
polarising voltage and its function is to 
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maintain the oxide film at a specified thick­
ness, thus giving consistent capaci­
tance value. 

The foil, now known as the anode foil, 
is then concentrically wound with another 
aluminium foil (about 98% pure) which 
acts as a cathode. The two foils are 
separated by a layer of highly porous 
paper and the whole assembly immersed in 
an electrolyte (usually ethylene glycol) 
which promotes the forming of oxide film 
when the capacitor is in operation. 

The capacitance section is then placed 
in an aluminium can which is hermetically 
sealed. A typical arrangement is shown 
in Fig. 11. . 

To give an increased capacitance value 
in the same physical size the aluminium 
oxide may be etched. This process 
effectively increases the area of the dk­
lectric and increases its permittivity from 
about 7 to about 10. However, electro­
lytics made in this manner are unable to 
withstand high currents, compared with 
the plain foil type. 
Tantalum capacitors. These capacitors 
employ tantalum oxide as a dielectric 
which has a higher permittivity than 
aluminium oxide (typically up to 25), and 
as a result give a high capacitance in a 
relatively small size. 

There are three distinct types of tan­
talum capacitors available: solid tantalum, 
wet sintered tantalum and tantalum foil 
(the construction of this is similar to that 
of an aluminium foil and will not be dis­
cussed). 

The electrolyte used is solid manganese 
dioxide used in solid tantalum types or 
aqueous phosphoric or sulphuric acid 
used in the 1atter two types. 
Solid tantalum capacitors. Capacitors of 
this variety are constructed by sintering 
tantalum powder particles around a tan­
talum anode, the resulting-assembly is rigid 
after manufacture and is known as a 
"slug" (Fig. 12). . 

By controlling the temperature and time 
of the sintering process one may control 
the size of the slug, its density and its 
oxide content. The purity of the tantalum 
used is also important since it largely 
controls parameters such as leakage cur­
rent and power factor. 

The cathode of the solid tantalum 
capacitor is formed by dipping the slug in 
a solution of manganese nitrate which 
when passed through ovens at 300°C 
decomposes to a semiconductor layer of 
manganese dioxide, this is then coated 
with graphite and silver. 

A schematic diagram of a complete 
solid tantalum - capacitor is shown in 
Fig. 13. 

The final encapsulation of the solid 
tantalum capacitor can be in several 
forms, the most common ones being: 
polyester sleeve with epoxy end seals, 
dipped epoxy coated, metal case with resin 
seal or epoxy resin moulding. 
Wet sintered tantalum. The slug used is 
similar to that employed in the solid 
tantalum variety; the distinct difference 
between the two types being in the 
cathode system. Fig. 14 shows these 
differences. 

Wireless World, December 1974 

Table 1. Comparison of tantalum capacitor types 
Parameter Solid Wet Foil 

Maximum d.c. voltage rating 
CVproduct 
Closest capacitor tolerance 
Volume efficiency* 

100V 
inflexible 
±5% 

12 5V 
inflexible 
± 5% 

450V 
f lexible ... ± 10% 

D.C. leakage current per CV (AF-1V- 1) 

Temperature stability** 
Frequency characteristics** 
Reverse voltage 
Cost* 

* ** 1 indicates highest* or best** 

2 
0·02 
1 
1 
:I-1V 
3 

2 indicates intermediate stage between 1 & 3 
3 indicates lowest* or worst** 

Table 1 provides a general comparison 
for the three types of tantalum capacitors 
discussed, however for more precise 
information it is necessary to consult 
manufacturer's data. 

Reliability. (a) solid tantalum: very 
reliable, working failures generally due to 
misuse; intrinsic failure due to oxide 
crystallisation, (b) wet sintered tantalum: 
failure due to vapour transmission of the 
electrolyte through the capacitor seal, 
causing a fall in capacitance and degrada­
tion in the dissipation factor; hence her­
metic seals are desirable. Aluminium and 
tantalum foil types also suffer from the 
same defect. 

Paper capacitors 
In this type of capacitor a thin sheet of 
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Fig. 9. Loss angle versus frequency for a 
non-polar dielectric material. 

E 

Fig. IO. Peifect capacitor before discharge 
through a resistor. 

paper 

( impregnated ) 
wit h electrolyte 

!J 

1 
0·0005 
2 
2 
0 
2 

__ manganese dioxide 
.,.."' -..... , ./ 

/ ...::r5oo,#\· 
,' ,~0(5 o-, \ 

3 
0·01 
3 
2 
BV 
1 

J i l>i)Q~Q~l J 
I 1 ClVI 1 • \ \~C},~ tantalum pentox1de 

', SJ_v..:/~ 
........ _ _ ,;~ tanta lum 

graphite, si l ver 
and solder cathode 

connection 

Fig. 12. Solid tantalum capacitor slug 
formed by sintering tantalum powder 
particles around a tantalum anode. 

(a) 

Fig. 13. Schematic of a complete solid 
tantalum capacitor (a) tantalum 
impregnated with manganese dioxide (b) 
graphite layer (c) resin outer coating (d) 
tantalum shown cut away to indicate 
anode terminal and tantalum pentoxide 
layer (e) solder layer completely 
surrounding cylinder (/) welded anode 
connection (g) cathode connection. 

wound 
section 

hermetic seal 
( r ubber or resin) 

anode 
lead 

a luminium 
can 

Fig. II. Construction of an aluminium electrolytic capacitor. 
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maintain the oxide film at a specified thick- 
ness, thus giving consistent capaci- 
tance value. 

The foil, now known as the anode foil, 
is then concentrically wound with another 
aluminium foil (about 98% pure) which 
acts as a cathode. The two foils are 
separated by a layer of highly porous 
paper and the whole assembly immersed in 
an electrolyte (usually ethylene glycol) 
which promotes the forming of oxide film 
when the capacitor is in operation. 

The capacitance section is then placed 
in an aluminium can which is hermetically 
sealed. A typical arrangement is shown 
in Fig. 11. 

To give an increased capacitance value 
in the same physical size the aluminium 
oxide may be etched. This process 
effectively increases the area of die die- 
lectric and increases its permittivity from 
about 7 to about 10. However, electro- 
lytics made in this manner are unable to 
withstand high currents, compared with 
the plain foil type. 
Tantalum capacitors. These capacitors 
employ tantalum oxide as a dielectric 
which has a higher permittivity than 
aluminium oxide (typically up to 25), and 
as a result give a high capacitance in a 
relatively small size. 

There are three distinct types of tan- 
talum capacitors available; solid tantalum, 
wet sintered tantalum and tantalum foil 
(the construction of this is similar to that 
of an aluminium foil and will not be dis- 
cussed). 

The electrolyte used is solid manganese 
dioxide used in solid tantalum types or 
aqueous phosphoric or sulphuric acid 
used in the latter two types. 
Solid tantalum capacitors. Capacitors of 
this variety are constructed by sintering 
tantalum powder particles around a tan- 
talum anode, the resulting assembly is rigid 
after manufacture and is known as a 
"slug" (Fig. 12). 

By controlling the temperature and time 
of the sintering process one may control 
the size of the slug, its density and its 
oxide content. The purity of the tantalum 
used is also important since it largely 
controls parameters such as leakage cur- 
rent and power factor. 

The cathode of the solid tantalum 
capacitor is formed by dipping the slug in 
a solution of manganese nitrate which 
when passed through ovens at 300oC 
decomposes to a semiconductor layer of 
manganese dioxide, this is then coated 
with graphite and silver. 

A schematic diagram of a complete 
solid tantalum capacitor is shown in 
Fig. 13. 

The final encapsulation of the solid 
tantalum capacitor can be in several 
forms, the most commou ones being: 
polyester sleeve with epoxy end seals, 
dipped epoxy coated, metal case with resin 
seal or epoxy resin moulding. 
Wet sintered tantalum. The slug used is 
similar to that employed in the solid 
tantalum variety; the distinct difference 
between the two types being in the 
cathode system. Fig. 14 shows these 
differences. 

Tabla 1 ■ Comparison of tantalum capacitor types 
Parameter Solid Wet Foil 
Maximum d.c. voltage rating 100 V 125V 450V 
CV product inflexible inflexible flexible 
Closest capacitor tolerance ±5% + 5% ' V + 10% 
Volume efficiency* 2 1 3 
D.C. leakage current per CV (AF_1V_') 0-02 0-0005 0-01 
Temperature stability** 1 2 3 
Frequency characteristics** 1 2 2 
Reverse voltage >1V 0 >3V 
Cost* 3 2 1 

1 indicates highest* or best** 
2 indicates Intermediate stage between 1 & 3 
3 indicates lowest* or worst** 

Table 1 provides a general comparison 
for the three types of tantalum capacitors 
discussed, however for more precise 
information it is necessary to consult 
manufacturer's data. 

Reliability, (a) solid tantalum: very 
reliable, working failures generally due to 
misuse; intrinsic failure due to oxide 
crystallisation, (b) wet sintered tantalum: 
failure due to vapour transmission of the 
electrolyte through the capacitor seal, 
causing a fall in capacitance and degrada- 
tion in the dissipation factor; hence her- 
metic seals are desirable. Aluminium and 
tantalum foil types also suffer from the 
same defect. 

Paper capacitors 
In this type of capacitor a thin sheet of 

V. 

103 10" 10' 
FREQUENCY, f (Hz) 

Fig. 9. Loss angle versus frequency for a 
non-palar dielectric material. 

    manganese dioxide 

! ; -—-I .tantalum pentoxide 

graphite, silver 
and solder cathode connection 

Fig. 12. Solid tantalum capacitor slug 
formed by sintering tantalum powder 
particles around a tantalum anode. 

(b) 

d) 

(f 0) 

Fig. 10. Perfect capacitor before discharge 
through a resistor. 

paper 
wound foil section f impregnated \ 

•v vwiin e'ecfoiyte/ 

Fig. 13. Schematic of a complete solid 
tantalum capacitor (a) tantalum 
impregnated with manganese dioxide (b) 
graphite layer (c) resin outer coating (d) 
tantalum shown cut away to indicate 
anode terminal and tantalum pentoxide 
layer (e) solder layer completely 
surrounding cylinder (f) welded anode 
connection (g) cathode connection. 

hermetic seal 
(rubber or resin) 

cathod anode 
lead ©ad 

aluminium foil and wires 
wound 
section 

umimum 
can 

Fig. 11. Construction of an aluminium electrolytic capacitor. 



Wireless World, December 1974 a53 

. 

ARE YOU AWARE . 
that 

., 
• • • 

SPRAGUE 
manufacture 

the following 
components 

SPRAGUE 
- a great name 
to remember! 
SPRAGUE ELECTRIC {UK) LTD 

SPRAGUE HOUSE, 159, HIGH STREET, YIEWSLEY. WEST DRAYTON, 
MIDDX. UB7 7RY 

\.. TELEPHONE: WEST DRAYTON 44627 TELEX: 261524 
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CAPACITORS 
Aluminium 
Tantalum 
Wet and Solid 
Ceramic 
Paper, Oil and Film 
A. C. Motor-start 
Commutating 

MAGNETICS 
Pulse Transformers 
Luminescent 

Delay Lines 

RESISTORS 
Wire Wound 

SEMICONDUCTORS 

I.C.'s 
Linear circuits for audio 
applications 
Hybrid 

FILTERS 
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Ceramic 
Capacitors 
start here 

Steatite and Porcelain Products Ltd. is one of 
Europe's leading industrial ceramics producers. One 
of the things for which we are famous is the 
manufacture ofhigh-quaHty dielectric ceramics, 
'Faradex' and 'Tempradex' for the production of 
Type I and Type II capacitors. 

That's who we are. Now what about you? 
If what you need are large production runs of 

conventional tube and disc capacitors then we'll be 
glad to recommend our customers to you - and they 
include the leading capacitor manufacturers in 
Britain and Europe. On the other hand, if your 
requirements are either specialised or comparatively 
small we might well be able to supply you direct. For 
example, we make high-quality EHT capacitors for 
colour TV multiplier units and similar applications. 

Contact John Stubbs for further information. 

But the service we can offer you doesn't stop 
there. 

We also make a unique range of high voltage 
capaci~ors for electrical distribution switchgear use. 

Production at Steatite and Porcelain is backed 
up by extensive and sophisticated laboratory 
facilities which are at your disposal. If you need test 
equipment capable of 2,000,000 volts for example, 
get in touch. 

Dave Marsham is your contact. 

In fact if you have any requirement in the dielectric 
ceramic field you could save yourself time and 
trouble by talking to us first. Do it now. 

~Morgan 
Steatite and Porcelain Products Ltd 
Bewdley Road, Stourport-on-Severn, DY 13 8QR, 
Worcestershire. Telephone: Stourport 2271 
Telex: 338015 

WW-082 FOR FURTHER DETAILS 
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A N T E 

(ELECTRONICS) LTD. 

Mayflower House 
Plymouth, Devon 

X 

Telephone: 0752 6737'1/8. Telegrams: Antexlim Plymouth. Telex: 45296 
Giro No: 2581000. Bankers: Midland Bank Ud.,92Moorgate,LondonEC2 

OUr ref: EK 

Your rer: SA/SA8 

Date: 20.1 1.74 

AN OPEN LEITER TO OUR EXISTING 
AND PROSPECTIVE CUSTOMERS 

We very much regret that owing 
to the great demand for all our 
models of Low-Leakage 
Soldering Tools we have, at 
present, a delivery delay of up 
to 16 weeks. 
We are naturally making every 
endeavour to diminish this delay 
and would emphasize that all 
orders are being dealt with in 
strict rotation. 

Yours sincerely, 

E. KLEIN 

Directors: T. H. M. OtTer, 
·p.M. Klein, E. Klein (Dutch), 
J. W. Niemann (Dutch), S. Brewster 
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~ 

~ ~ now manufacture 
ELECTROLYTIC CAPACITORS 
0 Tubular . . . wire ended 0 Tubular ... solder tag terminals 0 Professional grade . . . screw terminals 

Pye TM C Components Limited, Capacitor Division. Oldmedow Road, Hardwick Industrial Estate, King's Lynn, Norfolk 
Telephone: King's Lynn (0553) 3855. Telex: 81182 

WW-050 FOR FURTHER DETAILS 

SEI capacitors put 
a smile on your 
face ...... and extend that smile 

with our new range of 
extended foil polystyrene 
types for those critical 
applications where only the 
best is acceptable. 

• /1" • 

~ 8A~ 
SALFORD ELECTRICAL INSTRUMENTS LIMITED 1 ?> r: ' ~ 6 Peel Works, Barton Lane. Ecc les, • "" <(" 

I ill. ,((; 
M anchester M30 OH L. \ ~ " 
Telephone 0 61 -789 50 81 Telex 667711 . ~ <J.$ /. 

\ -<o Q,.,.. I \ ~~-s '!..«-~· 
\ ryRE:Ne • pQ\.'<~:.s ' 

\ I 
\ / 1 

~ / 
""·---/ G&C 

A member company of 
GEC Electrical Components Ltd . 

WW --Q83 FOR FURTHER DETAILS 

ELECTRONIC POWER UNITS . 
FOR XENON ARC AND MERCURY ARC LAMPS 

UNITS AVAILABLE FOR LAMPS RANGING FROM 
75 TO 6500 WATTS. 

Lamp housings and lens systems manufactured as standard off 
the shelf models or to specific design. 

K. T. Manners Design Ltd. 
33 Percy Street, London WlP 9FG 
Telephone: 01-580 6361. Telex: 28604 
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ELECTRONIC POWER UNITS 

FOR XENON ARC AND MERCURY ARC LAMPS 

UNITS AVAILABLE FOR LAMPS RANGING FROM 
75 TO 6500 WATTS. 
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LET'S TALK 
ABOUT CERAMICS! 

You would be surprised at the 
range of ceramic capacitors and 
piece parts that we can show you. 

Supported by the pick of the 
world's technology there is always 
something new to interest you in 
our Stettner range: 

Ceramic Plate Capacitors 4mm sq-12mm sq 
lpf-0.04 7uf . 
Ceramic Disc Capacitors 4mm dia-16mm dia 
0.3pf-O.luf 
Ceramic Disc Trimmer Capacitors 
4.5nun dia-25mm dia 2.5/4pf-20/150pf 
Ceramic Tubular Trimmer Capacitors 
0.5/2pf-3/15pf 
Ceramic Leadless Disc and Trapezoidal Capacitors 
0.4pf- 1500pf 
Ceramic Feed-thru Capacitors and Insulators 

Ceramic High Stability Inductors 16nH-14uH 
Ceramic High Frequency Components 
Ceramic Metallized Coils 
Ceramic S Land -off Insulators 

All types of ceramic insulators and piece parts 
both standard and custom built. 

Don't miss out. Why not call our man in to talk 
about the Stettner range? 

STEATITE INSULATIONS UMITED 
Hagley House, Hagley Road, Birmingham Bl6 8QW. 
Telephone 021-454 696!, Telex 33445. 

STEATITE INSULATIONS LTD. 
MORE CHOICE MORE KNOWLEDGE MORE EXPERIENCE 

WW- 103 F'OR fURTHER DETAILS 
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paper is impregnated with another suitable 
dielectric to prevent moisture absorption 
(see Table 2 for details of typical die­
lectrics used). The electrode of the capaci­
tors is usually aluminium and two basic 
types of capacitor exist, one being the 
metal foil variety which functions at high 
voltages and currents, the other being the 
metallized variety where the dielectric is 
coated with a thin layer of aluminium or 
zinc; this method of construction leads to 
a size reduction due to the thinness of the 
metallized film but has a disadvantage in 
that pulse handling is bad. 

Encapsulation of paper capacitors is 
usually by moulding the capacitor element 
in resin or encasing it in metal cans, the 
latter being hermetically sealed to prevent 
evaporation of the dielectric. 

Reliability. The power factor of paper 
capacitors is dependent on the type of 
impregnant used. In some cases it may be 
large and will always increase rapidly with 
frequencies above 10kHz. 

A defect in the dielectric of a capacitor 
will cause an electric arc between the 
electrodes which will destroy more of the 
surrounding dielectric and result in catas­
trophic failure. 

The disadvantage is not seen in metal­
lized film types because the heat generated 
by the arcing process will rapidly vaporize 
the electrode section, this clearing the 
short. Metallized film construction is thus 
not confined to paper capacitors but is 
used extensively in plastic film types. A 
schematic diagram of the process is shown 
in Fig. 15. 

Plastic film capacitor . 
Plastic films are used extensively in 
capacitor manufacture due to their high 
reliability and low cost. A number of 
leaves of plastic film are interleaved with 
aluminium electrodes rolled into a coil and 
encapsulated by a metal case or plastic 
encapsulation. A typical plastic film 
capacitor is shown in Fig. 16. 

Historically, the first plastic film capa­
citor consisted of polystyrene film, which 
produced a realiable capacitor, although 
expensive. Nowadays, numerous plastic 
films are used and Table 3 gives a synopsis 
of the relative advantage of the four most 
common types. 

Table 2. Dielec1rics for paper capacitors 

Dielecvic Permittivity 

(P1l 

Natural products (oils. waxes. etc) 2·2 to6·0 

Synthetic halogenated products 5·0 

Plastic polymers 2·5 

Table 3 . Plastic film dielectrics 

It should be noted that it is not possible 
to vacuum deposit a metallized film on 
polystyrene film due to its low melting 
point. 

Mica capacitors 
Mica is a naturally occurring silicate which 
due to its platelike crystal structure, can 
be laminated into thin sheets suitable for 
capacitor construction. Being chemically 
inert and possessing a high permittivity 
(6·5 to 8·7) mica is capable of a precise 
electrical performance. 

The construction of a mica capacitor is 
shown in Fig. 17, and consists of a number 
of small parallel capacitors to form the 
main capacitor. 

Metallized film techniques in mica capa­
citors have led to the silver mica capacitor 
becoming extensively available in the 
capacitor market. In this capacitor, silver 
electrodes are fired directly onto the 
sheets of mica giving better stability due to 
the defined distance of the electrodes and 
the lack of air pockets in the capacitor 
(and hence their associated instability). · 

Encapsulation of the capacitor is com­
monly by means of a moulded epoxy resin 
although this does produce a fatigue con­
dition on the capacitor due to the heat of 
the moulding which affects the reliability 
of the capacitor. In contrast the dipped 
mica capacitor, being encapsulated by 
dipping in resinous material below 
atmospheric pressures gives better elec­
trical characteristics than the moulded 
types and high reliability. 

Ceramic capacitors 
Ceramic capacitors may be divided into 
two classes; the high permittivity type 
(high K, e== 1000) and low permittivity 
type (low K, E== 10). 

Characteristics of the two types are 
widely different. The low K types possess 
low power factor, small linear temperature 
coefficients, and operating frequency 
capabilities of up to IOOOMHz. The high 
K types have high power factors (depen­
dent on the applied a.c. and d.c. fields 
due to electrical hysteresis) and non-linear 
temperature coefficients. By a suitable 
choice of materials a dielectric can be 
useful in circuit applications where an 
otherwise detrimental temperature drift 
would occur, e.g. tuned circuits and 

Permittivity Convnent 
with paper 
(P2) 

"='4 Low dielectric stress due to 
difference of Pl and P2 

"='5 More even dielectric stress 
due to equality of P1 and P2 

"='3·5 Possible voids form in 
polymerisation: low cost 

Charootorietic Polystyren e Polyethylene 
terephlalate 

Polycarbonate Polypropylene 

Structure non polar 
*Permittivity 2·4 
Production of film extrusion 

Film-thickness (tJm) 8 

polar 
3·3 
melt casting 

3 ·5 

*decreases with frequency for polar material 

polar 
2·8 
extrusion or 
solvent casting 
1·5 

non polar 
2·25 
extrusion 

8 
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(f) 

Fig. 14. Schematic of a wet-sintered 
tantalum capacitor (a),ftne silver (b) 
anodized sintered tantalum anode (c) 
tantalum wire (d) solder seal (e) tantalum 
to nickel weld within header(/) nickel 
wire (g) solder seal between header and 
external anode lead (h) glass-to-metal 
seal (j) internal seal (k) electrolyte (/) 
anode boot (m) cathode. 

burnt out 
areas 

mtttallized 
e lectrode 

burnt out 
area 

metallized 
electrodes 

10 20 

T IME (~s) 

Fig. 15. Process of self healing of a 
metallized dielectric capacitor. The 
voltage trace is typical during the process. 
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paper is impregnated with another suitable 
dielectric to prevent moisture absorption 
(see Table 2 for details of typical die- 
lectrics used). The electrode of the capaci- 
tors is usually aluminium and two basic 
types of capacitor exist, one being the 
metal foil variety which functions at high 
voltages and currents, the other being the 
metallized variety where the dielectric is 
coated with a thin layer of aluminium or 
zinc; this method of construction leads to 
a size reduction due to the thinness of the 
metallized film but has a disadvantage in 
that pulse handling is bad. 

Encapsulation of paper capacitors is 
usually by moulding the capacitor element 
in resin or encasing it in metal cans, the 
latter being hermetically sealed to prevent 
evaporation of the dielectric. 

Reliability. The power factor of paper 
capacitors is dependent on the type of 
impregnant used. In some cases it may be 
large and will always increase rapidly with 
frequencies above 10kHz. 

A defect in the dielectric of a capacitor 
will cause an electric arc between the 
electrodes which will destroy more of the 
surrounding dielectric and result in catas- 
trophic failure. 

The disadvantage is not seen in metal- 
lized film types because the heat generated 
by the arcing process will rapidly vaporize 
the electrode section, this clearing the 
short. Metallized film construction is thus 
not confined to paper capacitors but is 
used extensively in plastic film types. A 
schematic diagram of the process is shown 
in Fig. 15. 

Plastic film capacitor 
Plastic films are used extensively in 
capacitor manufacture due to their high 
reliability and low cost. A number of 
leaves of plastic film are interleaved with 
aluminium electrodes rolled into a coil and 
encapsulated by a metal case or plastic 
encapsulation. A typical plastic film 
capacitor is shown in Fig. 16. 

Historically, the first plastic film capa- 
citor consisted of polystyrene film, which 
produced a realiable capacitor, although 
expensive. Nowadays, numerous plastic 
films are used and Table 3 gives a synopsis 
of the relative advantage of the four most 
common types. 

Table 2. Dielectrics for paper capacitors 

It shonld be noted that it is not possible 
to vacuum deposit a metallized film on 
polystyrene film due to its low melting 
point. 

Mica capacitors 
Mica is a natnrally occurring silicate which 
due to its platelike crystal structure, can 
be laminated into thin sheets suitable for 
capacitor construction. Being chemically 
inert and possessing a high permittivity 
(6-5 to 8-7) mica is capable of a precise 
electrical performance. 

The construction of a mica capacitor is 
shown in Fig. 17, and consists of a number 
of small parallel capacitors to form the 
main capacitor. 

Metallized film techniques in mica capa- 
citors have led to the silver mica capacitor 
becoming extensively available in the 
capacitor market. In this capacitor, silver 
electrodes are fired directly onto the 
sheets of mica giving better stability due to 
the defined distance of the electrodes and 
the lack of air pockets in the capacitor 
(and hence their associated instability). 

Encapsulation of the capacitor is com- 
monly by means of a moulded epoxy resin 
although this does produce a fatigue con- 
dition on the capacitor due to the heat of 
the moulding which affects the reliability 
of the capacitor. In contrast the dipped 
mica capacitor, being encapsulated by 
dipping in resinous material below 
atmospheric pressures gives better elec- 
trical characteristics than the moulded 
types and high reliability. 

Ceramic capacitors 
Ceramic capacitors may be divided into 
two classes; the high permittivity type 
(high K, e~ 1000) and low permittivity 
type (low K, 10). 

Characteristics of the two types are 
widely different. The low K types possess 
low power factor, small linear temperature 
coefficients, and operating frequency 
capabilities of up to 1000MHz. The high 
K types have high power factors (depen- 
dent on the applied a.c. and d.c. fields 
due to electrical hysteresis) and non-linear 
temperature coefficients. By a suitable 
choice of materials a dielectric can be 
useful in circuit applications where an 
otherwise detrimental temperature drift 
would occur, e.g. tuned circuits and 
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Fig. 14. Schematic of a wet-sintered 
tantalum capacitor (a) fine silver (b) 
anodized sintered tantalum anode (c) 
tantalum wire (d) solder seal (e) tantalum 
to nickel weld within header (f) nickel 
wire (g) solder seal between header and 
external anode lead (h) glass-to-metal 
sea! 0) internal seal (k) electrolyte (!) 
anode boot (m) cathode. 

metallized 
electrodes burnt out 

areas 

breakdown point 

Dielectric Permittivity Permittivity Comment 
with paper 

(PI) (P2) 
Natural products (oils, waxes, etc) 2-2 to 6-0 = 4 Low dielectric stress due to 

difference of PI and P2 
Synthetic halogenated products 5-0 = 5 More even dielectric stress 

due to equality of Pi and P2 
Plastic polymers 2-5 ~3-5 Possible voids form in 

polymerisation; low cost 

breakdown poibt 
metallized electrode burnt out 

area 

Table 3. Plastic film dielectrics 
Characterietic Polystyrene Poiyothylene 

terephlalate 
Polycarbonate Polypropylene 

Structure 
* Permittivity 
Production of film 

Film-thickness (pm) 

non polar 
2-4 
extrusion 

8 

polar 
3-3 
malt casting 

3-5 

polar 
2-8 
extrusion or 
solvent casting 
1-5 

non polar 
2-25 
extrusion 

8 

v2 

*decreases with frequency for polar material 

10 20 
TIME (g.s) 

Fig. 15. Process of self healing of a 
metallized dielectric capacitor. The 
voltage trace is typical during the process. 
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ent ire edge of 
foil soldered together 

a l so to l ead 

Fig. 16. Constructional features of a 
plastic film capacitor. 

filters. 
The high K ceramic capacitors are able 

to give a large capacitance in a small space 
and find application in decoupling and by­
pass capacitors. 

Manufacture 
The ceramic materials used in capacitor 
manufacture are made from natural 
minerals such as steatite, titanium dioxide, 
and alkaline earths. The ingredients, after 
being finely ground are compressed, 
heated to 900° C to remove any impuri­
ties; then reground and finally recast in a 
carefully controlled atmosphere of about 
1300° c. 

Ceramic capacitors are · found in either 
disc or tubular form. The electrodes are 
a film of silver fired on to both surfaces of 
the ceramic. Encapsulation is usually by 
means of a wax impregnated phenolic 
dip. 

c:::::::::::J mica 

~foil 

lead lead 
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Fig. 17. Construction of a mica capacitor 
and its equivalent circuit. 

-ii--
Ctotal = 

CA+ Cs+Cc+Co 

equi valent circuit 

This technique enables high capacitance 
to be obtained in a relatively small space. 

Further reading and acknowledgement 
Most manufacturers provide excellent 
information on capacitors, among those 
of particular interest are technical litera­
ture by: Waycom, Philips, Plessey, Lemco 
and Erie. 

Of deeper and of a · more theoretical 
nature are "Fixed Capacitors" by 
Dummer (Pitman) and "Dielectrics" by 
P. J. Harrop (Butterworths). 

The author wishes to thank the staff of 
the Components Laboratory, Rank Radio 
International for their consistent help and 
enthusiasm. 

Appendix 
It is known that when a dielectric is polar­
ized the electric field (E) within the die­
lectric is vectorially displaced according 
to eqn.l. 

(AI) 

distance, and arranged in some regular 
pattern to form what is known as a lattice. 
The dielectric may be fundamentally 
classified as polar or non-polar according 
to whether or not it possesses a per­
manent dipole moment (a dipole consists 
of two charges equal in magnitude, q, but 
of opposite sign, separated by a small 
distance, a. The dipole moment is the 
quantity qa). Under the action of an elec­
tric field, E, the lattice of the dielectric 
is distorted (or displaced) and its dipole 
moment is altered in magnitude and direc­
tion. The dielectric is said to be polarised. 

It is also useful to define the "polariz­
ability" of the medium, X , from 

P=Xe 0 E (A2) 
hence from (A 1) and (A2), D=(l + X) E . 

This defines the permittivity of the die­
lectric, e (see general considerations for 
the physical importance of this para­
meter) bye =(1 + X). 

Of particular interest is the barrier layer 
ceramic capacitor. In this type the high 1< 
thin film ceramic plates are fired in a de­
oxidising oven so as to convert the plates 
into a conducting metal. The capacitor 
assembly is then fired in a reoxidizing 
oven so as to restore the external surfaces 
in the assembly to a dielectric. Normal 
silvering is now applied resulting in two 
bigh capacity capacitors connected in 
parallel. 

where: f.= permittivity of free space 

The loss angle, o , is defined as the 
phase angle between E and D, but is com­
plicated by the fact that X is not depen­
dent on a single variable but on four 
physically distinct mechanisms viz: elec­
tronic polarizability (e), atomic polariz­
ability (a), dipole polarizability (d), space 
charge (s) 

Capacitor comparison chart 

Polypropylene Polyester 

metallized fi lmifoil metallized film/foil 

Insulation resistance 10riM 5.10'M 5.10'M i05M 
0 

1 0.01 Dissipation factor 0.0003 0.0003 0.005 

Tolerance!%) 5 2 5 5 

Temperature range (°C) ~Oto85 ~Oto 100 -65 10 125 - 55 to 125 

Siu per Dl small small small small 

Stability fair excellent fair fair 

Co.t perDI row low low rair 

Capacitance range 0.001 100pf 0.001 I OOpf 
IIJF unless indicated I to 100 to 0.4711f IO 10 lo 0.01 tJf 

Voltage Ia.~) 250 lo 440 63 to 500 631o 400 9010160 
(VI ld.c.) 75llto 1000 100to 1500 100to 1500 160 to400 

Temper enure - 170 - 120 400 400 
coaffrcient ppMf•c {non iinear) 

Appx. €csonancc MHz 0.1 1 0.1 1 

D =dielectric displacement of the 
medium 

P = polarization of the medium 

X = ae+f3a+yd+os 
This equation can be physically inter­

preted by cousid.ering a dielectric as a 
collection of atoms, positively or nega­
tively charged, each separated by a small 

where (a,fJ,y,o are constants dependent 
on the dielectric). 

Polycarbonate Mica Paper - Polystyrene Ceramic Electrolytic 
aluminium tantalum 

metallized filmifoil me1allized film/foil disc/tube monolithic foil foil sclid&wet 

5.10'M 105M IOlM 3.I03M 2.10'M lO'M 10lt.1 IO'M p'actical measurement by leakage current 

very poor poor poor 
0.005 0.001 0.0210 0.01 0.005 0.0003 0.002 to 0.02 0.08 0.01 0.0005 

0.0005 to0.02 • 

5 2 0.5 10 5 0.625 10 20 10 10 5 

-6510125 -65to 125 -65to125 ~O tolOO ~O to 100 ~Oto70 - 55 to 125 55 to125 - 20to 80 ~Oto l25 ~Oio150 

r small small small small large I farge small small very small small 

fair fair excellent fair fair ·excellent fair fair fair wry good excellent 

fair fair fair fair fair high low low fair high high 

0.001 5pf 5pf 0.01 0.001 IOOpf 5pf 0.001 typically Ito 110 CVproduct 
IO 100 lo 0.01 JJf 100.0111f IO 100 IO 100 1o 0.6~f 10 1 ~f IO 10 22.000 1000 inflexible 

13500 max 
normally) 

40 IO 250 63to160 250 10 630 250 to 630 - 63 10 250 - - - -
63 tu 1000 10010 400 63 10 630 50010 5000 - 63 IO 1000 63 10 10000 63 10 450 6.3 to 500 6.3 to 300 I to 50 

150 - 50 to 100 300 300 - 150 non tinear positjve to 1500 1000 200 101000 
-100 1000 nag (non linear) 

0.1 1 1.0 0.1 0.1 1 10 100 0.05 0.1 0.1 
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plastic 
film dielectric 

meta 
foil 

ead entire edge of 
foil soldered together 

also to lead 

Fig. 16. Constructional features of a 
plastic film capacitor. 

[BBKatiai foil 

ead ead 

Fig. 17. Construction of a mica capacitor 
and its equivalent circuit. 

CB 

equivalent circuit 

Ctotal — 
Ca+ CB+CC+CD 

filters. 
The high K ceramic capacitors are able 

to give a large capacitance in a small space 
and find application in decoupling and by- 
pass capacitors. 

Manufacture 
The ceramic materials used in capacitor 
manufacture are made from natural 
minerals such as steatite, titanium dioxide, 
and alkaline earths. The ingredients, after 
being finely ground are compressed, 
heated to 900° C to remove any impuri- 
ties; then reground and finally recast in a 
carefully controlled atmosphere of about 
1300° C. 

Ceramic capacitors are found in either 
disc or tubular form. The electrodes are 
a film of silver fired on to both surfaces of 
the ceramic. Encapsulation is usually by 
means of a wax impregnated phenolic 
dip. 

Of particular interest is the barrier layer 
ceramic capacitor. In this type the high K 
thin film ceramic plates are fired in a de- 
oxidising oven so as to convert the plates 
into a conducting metal. The capacitor 
assembly is then fired in a rcoxidizing 
oven so as to restore the external surfaces 
in the assembly to a dielectric. Normal 
silvering is now applied resulting in two 
high capacity capacitors connected in 
parallel. 

This technique enables high capacitance 
to be obtained in a relatively small space. 

Further reading and acknowledgement 
Most manufacturers provide excellent 
information on capacitors, among those 
of particular interest are technical litera- 
ture by; Waycom, Philips, Plessey, Lemco 
and Erie. 

Of deeper and of a more theoretical 
nature are "Fixed Capacitors" by 
Dummer (Pitman) and "Dielectrics" by 
P. J. Harrop (Butterworths). 

The author wishes to thank the staff of 
the Components Laboratory, Rank Radio 
International for their consistent help and 
enthusiasm. 

Appendix 
It is known that when a dielectric is polar- 
ized the electric field (E) within the die- 
lectric is vectorially displaced according 
to eqn.l. 

e0E=D-P (Al) 
where: e 0= permittivity of free space 

D = dielectric displacement of the 
medium 

P=polarization of the medium 
This equation can be physically inter- 

preted by considering a dielectric as a 
collection of atoms, positively or nega- 
tively charged, each separated by a small 

distance, and arranged in some regular 
pattern to form what is known as a lattice. 
The dielectric may be fundamentally 
classified as polar or non-polar according 
to whether or not it possesses a per- 
manent dipole moment (a dipole consists 
of two charges equal in magnitude, q. but 
of opposite sign, separated by a small 
distance, a. The dipole moment is the 
quantity qa). Under the action of an elec- 
tric field, E, the lattice of the dielectric 
is distorted (or displaced) and its dipole 
moment is altered in magnitude and direc- 
tion. The dielectric is said to be polarised. 

It is also useful to define the "polariz- 
ability" of the medium. X, from 

P=Xc0E (A2) 
hence from (Al) and (A2), D=(\FX) E. 

This defines the permittivity of the die- 
lectric, e (see general considerations for 
the physical importance of this para- 
meter) by f =(1 -l-X). 

The loss angle, 6, is defined as the 
phase angle between E and D. but is com- 
plicated by the fact that X is not depen- 
dent on a single variable but on four 
physically distinct mechanisms viz: elec- 
tronic polarizability (e), atomic polariz- 
ability (a), dipole polarizability (d), space 
charge (s) 

X—aeFPaFyd + ds 
where {<x,p,y,b are constants dependent 
on the dielectric). 

Capacitor comparison chart 

Pofypropylcne 
motailizfld film/foil 

Pafyaster 
metallized film/foil 

PofycarbonotD 
metallized lilm/foil 

Mica Paper 
meiallized film/foil 

Polystyrene Ceramic 
disc/tube monolithic 

aluminium 
foil 

Electrolytic 
foil 

tantalum 
solid S wet 

Insulation resistance 10^ 
  
5.10'M 5.10^ 105M S.IO'M 10^ 10W 3.103M Z.IDW lOW lOW 10W practical measurement by leakage cunent 

0 
Dissipation factor 0.0003 0.0003 0.01 0.005 0.005 0.001 0.02 to 

0.0005 
0.01 0.005 0,0003 0.002 to 0.02 

very poor 
0.08 

poor 
0.01 

poor 
0.0005 
to 0.02 - 

Tolerance t%) 5 2 5 5 5 2 0.5 10 5 0.625 10 20 10 10 5 
Temperature range (CC) -40lo 85 -40 to 100 —55tQ125 55 to 125 55 to 125 -65 to 125 -55 to 125 —30 to 100 -3010 100 -40 to 70 55iol25 55 to 125 -2D to 80 -40 to 125 -40 to 150 
Sue per CV small small small small small small small small large large small small very small small 
Stability fair excellent fair fair fair fair excellent fair fair oxcellsnt fair fair fair very good excellent 
Cost per CV low low low fair fair fair fair fair fair high low low fair high high 
Capacitance range 
IpF unless indicated) 

0.001 
to 100 

lOOpF 
to 0.47pF 

0.001 
to 10 

IDOpF 
to O.QIpF 

0.001 
to 100 

5pF 
to 0.01 pF 

5pF 
to 0.01 pF 

0.01 
to 100 

0.001 
to 100 

lOOpf 
to0.6pF 

5pF 
to IpF 

0.001 
to 10 

lypically 1 tn 
22.000 

1 to 
1000 

product 
inflexible 
(3500 max 
normally) 

Voltage f3.c.> 250 to 440 63 to 500 63 to 400 90 to 160 40 to 250 83 to 160 250 to 630 250 to 630 - 63 to 250 — - - - 
(Vf Id.d 750 to 1000 100 to 1500 100 to 1500 160 to 400 63 So 1000 10010 400 63 to 630 500 to 50DD - 63 to 1000 63 to 10000 63 to450 6.3 to 500 6.3 to 300 Ho 50 
Temperature 
coalficient PPW0C 

-170 -120 400 400 
(rvon linear) 

150 50 to 
-100 

100 300 300 -150 non linear positive to 
lOOOneg 

1500 1000 
(nonlinear) 

200 to 1000 

Appx. resonance MHz 0.1 1 0.1 1 0.1 1 1.0 0.1 0.1 1 10 100 0.05 0.1 0.1 
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World of 
Amateur 
Radio 

The Moscow way of licensing 
At a time when the h.f. bands are less 
frequently open to DX I find that a high 
percentage of all my contacts seem to be 
with amateurs in the USSR where activity 
and standards of operating are high and 
where many amateurs seem to be using 
home-built transceivers. Considerable 
official encouragement is given to amateur 
radio in the USSR including access to sur­
plus equipment and technical information. 
But at the same time by British standards 
the licensing is very much on an "in­
centive" basis and demands considerable 
effort on the part of those wanting licences. 

A recent survey of Russian licence con­
ditions in Electronics Australia shows 
that the Muscovite's path to a first-class 
licence is long and arduous. In essence the 
procedure is: complete a basic electronics 
course; join a radio club and take a test 
(including a 10 w.p.m. Morse test) which 
licenses you to listen on the amateur bands 
and log stations; after six months you can 
take a "third-class" test (more difficult 
examination on simple transmitter theory 
and practice and 12 w.p.m. Morse test). 
If you pass this you are permitted to oper­
ate a 10-watt transmitter on sections of the 
3.5 and 7MHz bands c.w. and 281-fHz 
phone. These licences can be renewed only 
by the operator moving to a higher class. 
To do this requires another("second-class") 
exami.nation and a pass allows operation 
of a 40-watt transmitter on 3.5 to 420MHz 
c.w. (phone restricted to 28MHz). Finally 
to obtain a "first-class" licence requires the 
applicant to send and receive Morse at 
18 w.p.m., be able to design transmitter 
and receiver circuits, and build and service 
advanced transmitters and receivers. If he 
or she (for some 10% of Russian amateurs 
are "YLs") passes, then permission is given 
to operate 200 watts on 3.5 to 420MHz 
c.w. or phone (there are no 1.8, 50 or 
70MHz bands available in Russia - I am 
not certain about microwave bands). 

V.h.f. going factory-built 
Not so long ago it was common practice 
for v.h.f. enthusiasts to claim that their 
bands had become the last refuge of those 
who liked to build their own equipment 
(although in practice reception usually 
depended on a home-built converter in 

front of a commercially-built h.f. com­
munications receiver). But there is plenty 
of evidence to show that factory-built 
equipments are today becoming almost as 
widely used on 144MHz as on 14MHz. 
In the last two or three years there has 
been an influx of v.h.f. transceivers such 
as the Yaesu FT-2 series, Trio TR7200 
and TR2200 and kit units such as the 
Heathkit HW202, 144MHz transverters, 
Inoeu and Icom units such as the IC22 
and IC210 with its phase-locked v.f.o., 
the Liner 2 transceiver that has enormously 
increased the amount of s.s.b. on 144MHz, 
and a growing number of 144MHz hand­
held units for working direct or through 
repeaters. 

One wonders whether, in the face of this 
invasion, the home-builders will tend to 
retreat to the u.h.f. bands or subscribe to 
the growing interest in microwaves. 

Ionospheric storms in a 
quiet year 
Recent months have been marked by pro­
nounced 27-day repeats of pretty severe 
magnetic storms. They start off with a 
steep rise in maximum usable frequencies, 
leading on to auroral effects and then 
followed by several days of disturbed con­
ditions and low m.u.f., particularly on the 
North Atlantic paths. It has of course 
long been recognised that the 27-day 
repetition period of these storms allows 
them to be predicted with good accuracy 
during the decreasing phase of the sun­
spot cycle. But one certainly has the feel­
ing that the storms have been more severe 
this year than one would expect in what 
many regard as "a year of the quiet sun". 

For example, October 12 saw a high 
m.u.f. with the 28MHz band opening well 
to Australia and Japan; this was soon 
followed by Aurora openings on v.h.f. and 
then a lengthy period o'f subdued h.f. 
conditions. 

Clamping down on Citizen's 
Band violations 
The American FCC appears to be taking 
seriously a series of measures aimed at 
better regulation and supervision of2 7MHz 
CB operation where in the past the Class 
D regulations have been honoured mostly 
in the breach. For example the Com· 
mission has recently set up four specially 
equipped and trained enforcement teams; 
obtained a well-publicised series of 
cnminal convictions for gross violations; 
established temporarily some 40 special 
inspection stations to check the use of CB 
equipment by lorry drivers (of 36,000 
vehicles checked about 7,000 were carry­
ing 27MHz CB equipment. more than half 
unlicensed and m'any others exceeding the 
power regulations). TI1ere are current pro­
posals in the United States to prohibit the 
sale or importation of linear amplifiers in 
the 20 to 40MHz range as these are being 
widely used to run high-power CB stations. 

However, there are also proposals to 
increase the number of 27MHz channels 
(adding 27·23 to 27·54MHz), to permit 
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the use of omnidirectional aerials at 
heights up to 60ft (20ft will still be the 
limit for beams) and to relax some of the 
restrictions on hobby use of Citizen's 
Band. 

Type approval of 
amateur gear? 
One aspect of so much amateur equipment 
now coming from factories rather than 
being built on the kitchen table is the 
question of whether this is likely to lead to 
the introduction of some form of type 
approval, type· acceptance or recognised 
"performance standards". Probably the 
main question is that of the levels of 
spurious emission outside of amateur bands, 
a factor that has been emphasised by the 
more general use of mixing processes rather 
than straight frequency multiplication in 
transmitter practice. It is by no means 
unusual, even in reputable designs, for 
there to be spuriae of the order of - 40dB 
or so with reference to wanted output. This 
may or may not result, for example. in 
interference tO television reception or to 
other communication services; much 
depends on what additional suppression is 
provided by the operator in the form of 
filters or resonant aerials. But there is an 
argument that if equipment is sold for 
amateur operation should it not be ex­
pected to be suitable, without additional 
suppression, for use at all normal loca­
tions? 

One answer might be for the licensing 
authorities to insist that all equipment 
conformed to a published performance 
specification, but where would this leave 
the amateur who wishes to modify equip­
ment and lacks measuring equipment to 
ensure that the performance is still within 
spec? 

The ARRL Board of Directors recentlv 
decided that if any form of type approv~l 
is instituted in the United States the 
League would urge continuation of the 
amateur's right to build, to modify and 
to adapt surplus equipment to his own use. 

In brief 
The installation of the RSGB president for 
1975 (C. H. Parsons, GW8NP) will take 
place at Cardiff on January 17 ... Nobel 
prize winner Sir Martin Ryle holds the 
amateur callsign G3CY ... The final 
RSGB 144MHz contest for 1974 takes 
place on December 8 .. . Microwave oper­
ating awards are issued by the RSGB 
for the first contact an amateur makes 
over the following distances: 13-cm band 
500km; 9-cm 400km; 6-cm 300km; 
3-cm l50km; and 15-mm l50km ... "I 
would like to voice my personal firm 
support of the Amateur Radio Service," 
from a recent address by Richard E. 
Wiley, chairman of FCC ... Over 1,000 
repeater stations have been licensed in the 
United States, making this the fastest 
growing segment of amateur radio, and it 
seems likely that restrictions on the linking 
of repeater stations may be lifted, together 
with those relating to cross-band operations. 

PATHAWKER,G3VA 
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The Moscow way of licensing 
At a time when the h.f. bands are less 
frequently open to DX I find that a high 
percentage of all my contacts seem to be 
with amateurs in the USSR where activity 
and standards of operating are high and 
where many amateurs seem to be using 
home-built transceivers. Considerable 
official encouragement is given to amateur 
radio in the USSR including access to sur- 
plus equipment and technical information. 
But at the same time by British standards 
the licensing is very much on an "in- 
centive" basis and demands considerable 
effort on the part of those wanting licences. 

A recent survey of Russian licence con- 
ditions in Electronics Australia shows 
that the Muscovite's path to a first-class 
licence is long and arduous. In essence the 
procedure is; complete a basic electronics 
course; join a radio club and take a test 
(including a 10 w.p.m. Morse test) which 
licenses you to listen on the amateur bands 
and log stations; after six months you can 
lake a "third-class" test (more difficult 
examination on simple transmitter theory 
and practice and 12 w.p.m. Morse test). 
If you pass this you are permitted to oper- 
ate a 10-watt transmitter on sections of the 
3.5 and 7MHz bands c.w. and 28MHz 
phone. These licences can be renewed only 
by the operator moving to a higher class. 
To do this requires anoiher("second-class") 
examination and a pass allows operation 
of a 40-watt transmitter on 3.5 to 420MHz 
c.w. (phone restricted to 28MHz). Finally 
to obtain a "first-class" licence requires the 
applicant to send and receive Morse at 
18 w.p.m., be able to design transmitter 
and receiver circuits, and build and service 
advanced transmitters and receivers. If he 
or she (for some 10% of Russian amateurs 
are " YLs") passes, then permission is given 
to operate 200 watts on 3.5 to 420MHz 
c.w. or phone (there are no 1.8. 50 or 
70MHz bands available in Russia — 1 am 
not certain about microwave bands). 

V.h.f. going factory-built 
Not so long ago it was common practice 
for v.h.f. enthusiasts to claim that their 
bands had become the last refuge of those 
who liked to build their own equipment 
(although in practice reception usually 
depended on a home-built converter in 

front of a commercially-built h.f. com- 
munications receiver). Bnt there is plenty 
of evidence to show that factory-built 
equipments are today becoming almost as 
widely used on 144MHz as on 14MHz. 
In the last two or three years there has 
been an influx of v.h.f. transceivers such 
as the Yaesu FT-2 series, Trio TR7200 
and TR2200 and kit units such as the 
Heathkit HW202, 144MHz transverters, 
Inoeu and Icom units such as the IC22 
and IC210 with its phase-locked v.f.o., 
the Liner 2 transceiver that has enormously 
increased the amount of s.s.b. on 144MHz. 
and a growing number of 144MHz hand- 
held units for working direct or through 
repeaters. 

One wonders whether, in the face of this 
invasion, the home-builders will tend to 
retreat to the u.h.f. bands or subscribe to 
the growing interest in microwaves. 

Ionospheric storms in a 
quiet year 
Recent months have been marked by pro- 
nounced 27-day repeats of pretty severe 
magnetic storms. They start off with a 
steep rise in maximum usable frequencies, 
leading on to auroral effects and then 
followed by several days of disturbed con- 
ditions and low m.u.f., particularly on the 
North Atlantic paths. It has of course 
long been recognised that the 27-day 
repetition period of these storms allows 
them to be predicted with good accuracy 
during the decreasing phase of the sun- 
spot cycle. But one certainly has the fee! 
ing that the storms have been more severe 
this year than one would expect in what 
many regard as "a year of the quiet sun". 

For example, October 12 saw a high 
m.u.f. with the 28MHz band opening well 
to Australia and Japan; this was soon 
followed by Aurora openings on v.h.f. and 
then a lengthy period of subdued h.f. 
conditions. 

Clamping down on Citizen's 
Band violations 
The American FCC appears to be taking 
seriously a series of measures aimed at 
better regulation and supervision of 27MHz 
CB operation where in the past the Class 
D regulations have been honoured mostly 
in the breach. For example the Com- 
mission has recently set up four specially 
equipped and trained enforcement teams; 
obtained a well-publicised series of 
criminal convictions for gross violations; 
established temporarily some 40 special 
inspection stations to check the use of CB 
equipment by lorry drivers (of 36,000 
vehicles checked about 7.000 were carry- 
ing 27MHz CB equipment, more than half 
unlicensed and many others exceeding the 
power regulations). There are current pro- 
posals in the United States to prohibit the 
sale or importation of linear amplifiers in 
the 20 to 40MHz range as these are being 
widely used to run high-power CB stations. 

However, there are also proposals to 
increase the number of 27MHz channels 
(adding 27-23 to 27-54MHz), to permit 

the use of omnidirectional aerials at 
heights up to 60ft (20ft will still be the 
limit for beams) and to relax some of the 
restrictions on hobby use of Citizen's 
Band. 

Type approval of 
amateur gear? 
One aspect of so much amateur equipment 
now coming from factories rather than 
being built on the kitchen table is the 
question of whether this is likely to lead to 
the introduction of some form of type 
approval, type acceptance or recognised 
"performance standards". Probably the 
main question is that of the levels of 
spurious emission outside of amateur bands, 
a factor that has been emphasised by the 
more general use of mixing processes rather 
than straight frequency multiplication in 
transmitter practice. It is by no means 
unusual, even in reputable designs, for 
there to be spuriac of the order of - 40dB 
or so with reference to wanted output. This 
may or may not result, for example, in 
interference to television reception or to 
other communication services; much 
depends on what additional suppression is 
provided by the operator in the form of 
filters or resonant aerials. But there is an 
argument that if equipment is sold for 
amateur operation should it not be ex- 
pected to be suitable, without additional 
suppression, for use at all normal loca- 
tions? 

One answer might be for the licensing 
authorities to insist that all equipment 
conformed to a published performance 
specification, but where would this leave 
the amateur who wishes to modify equip- 
ment and lacks measuring equipment to 
ensure that the performance is still within 
spec? 

The ARRL Board of Directors recently 
decided that if any form of type approval 
is instituted in the United States the 
League would urge continuation of the 
amateur's right to build, to modify and 
to adapt surplus equipment to his own use. 

In brief 
The installation of the RSGB president for 
1975 (C. H. Parsons. GW8NP) will take 
place at Cardiff on January 17 . . . Nobel 
prize winner Sir Martin Ryle holds the 
amateur callsign G3CY . . . The final 
RSGB 144MHz contest for 1974 takes 
place on December 8 ,.. Microwave oper- 
ating awards are issued by the RSGB 
for the first contact an amateur makes 
over the following distances: 13 cm band 
500km; 9-cm 400km; 6-cm 300km; 
3-cm 150km; and 15-mm 150km . . . "I 
would like to voice my personal firm 
support of the Amateur Radio Service," 
from a recent address by Richard E. 
Wiley, chairman of FCC . . . Over 1,000 
repeater stations have been licensed in the 
United States, making this the fastest 
growing segment of amateur radio, and it 
seems likely that restrictions on the linking 
of repeater stations may be lifted, together 
w ith those relating to cross band operations. 

PAT HAWKER. G3VA 
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lew 
Products 

sw'eep/function generator 
Line, · square, triangle and swept wave­
forms, as well as fixed-amplitude pulses 
are available from the modell95 generator. 
A frequency range from 2Hz to 200KHz 
in three ranges, with a linear/logarithmic 
frequency control is offered by the instru­
ment which will span three decades on any 
frequency range. Slow, medium and fast 
sweep rates are provided, with high- and 
low-level sine outputs, and a voltage-con­
trolled frequency input permitting remote 
control of the frequency. The three sweep 
rates give sweep times of 25s, 250ms and 
2.5ms, and the frequency accuracy is 
claimed to b« ± 2% of full scale. The 
instrument measures 18.7 X 21.6 X 7.3cm 
and costs £79. Dana Electronics Ltd, Col­
lingdon Street, Luton, Beds. 
WW300 for further details. 

WW300 

WW311 

Direct current calibrator 
The 609S is a d.c. source for calibration 
from nanoamp levels up to 1 OOmA in five 
ranges. An accuracy of± 0.05% of setting 
± 0.005% ofrange ± 0.2nA isquotedforthe 
instrument, which has a regulation for the 
load and supply of 5ppm/V. Output noise 
for the l 00, 10, and 1 rnA ranges is less than 
5ppm of full scale, and 1 Oppm of full scale 
± O.InA for the I 00 and 10 1-1A ranges. The 
unit, which measures 22 X 16-X 19cm, 
is powered by ten U2-type batteries, but an 
interchangeable mains power unit is 
available. Time Electronics Ltd, Botany 
Industrial Estate, Tonbridge, Kent. 
WW302 for further details 

Pulse transformer 
The 1060 series of miniature pulse trans­
formers manufactured by Nano Pulse 
Industries has been designed for use with 
triac and s.c.r. circuits. Standard types in 
tl1e range have either two or three wi1,1dings 
and ratios of I: I, I : 1: 1 or 2: 1: l respectively. 
Minimum inductances can be either l .5 or 
5mH with maximum leakage inductances 
between 0.5 and 2.31JH. Tekdata Ltd, 
Westport Lake, Canal Lane, Tunstall, 
Stoke-on-Trent, Staffs ST6 4PA. 
WW306 for further details 

Cable identification system 
A system comprising the model H8030-
30TC pulse transmitter, and the model 
TCD-2 pulse detector is capable of 
identifying eac,h phase anywhere along 
cable runs. A series of coded pulses are 
transmitted by the H8030-30TC on "A" 
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and "B" phases, these pulses combine 
and return on "C" phase. In three­
conductor cables, each phase can be 
identified by moving a pick-up coil around 
the cable, and by observing the meter on 
the TCD-2 detector. Hipotronics Inc, 
Brewster, NY I0509, USA. 
WW31 1 for further detail$ 

Multichannel VU meter 
A new instrument called the VUE-SCAN 
replaces conventional VU meters and 
accepts up to 28 channels of audio infor­
mation which are displayed simultaneously 
as illuminated vertical bars on a television 
monitor screen. The bars are always present 
as a background reference. The lower two­
thirds of the screen has a blue filter and the 
remaining upper third has a red filter. As the 
level of a channel increases the bar repre­
senting that channel increases in height and 
intensity. Any channel which moves into 
the red position is identified as over­
modulated. Audio Designs & Manufactur­
ing Inc, 16005 Sturgeon, Roseville, Mich 
48066,USA. 
WW304 for further details 

Digital clock 
Emihus Microcomponents have designed 
a universal digital circuit specifically for 
use in mains driven electronic digital clocks, 
timers and time-base circuits. The circuit, 
which uses p.m.o.s. technology, has two 
,designations- EDC605I and EDC6052. 
Common features to both are: 50Hz, 60Hz 
or 100kHz control frequency options; 
three inputs for setting minutes, tens-of- · 
minutes and hours; stop control feature, 
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New 

Products 

Sweep/function generator 
Line, square, triangle and swept wave- 
forms, as well as fixed-amplitude pulses 
are available from the model 195 generator. 
A frequency range from 2Hz to 200KHz 
in three ranges, with a linear/logarithmic 
frequency control is offered by the instru- 
ment which will span three decades on any 
frequency range. Slow, medium and fast 
sweep rates are provided, with high- and 
low-level sine outputs, and a voltage-con- 
trolled frequency input permitting remote 
control of the frequency. The three sweep 
rates give sweep times of 25 s, 250ms and 
2.5ms, and the frequency accuracy is 
claimed to be ±2% of full scale. The 
instrument measures 18.7 X 21.6 X 7.3cm 
and costs £79. Dana Electronics Ltd, Col- 
lingdon Street, Luton, Beds. 
WW300 for further details. 

Direct current calibrator 

The 609S is a d.c. source for calibration 
from nanoamp levels up to 100mA in five 
ranges. An accuracy of ± 0.05% of setting 
± 0.005% of range ± 0.2nA is quoted for the 
instrument, which has a regulation for the 
load and supply of 5ppm/V. Output noise 
for the 100,10, and ImA ranges is less than 
5ppm of full scale, and lOppm of full scale 
± 0.InA for the 100 and 10 pA ranges. The 
unit, which measures 22 X 16'X 19cm, 
is powered by ten U2-type batteries, but an 
interchangeable mains power unit is 
available. Time Electronics Ltd, Botany 
Industrial Estate, Tonbridge. Kent. 
WW302 for further details 

Pulse transformer 
The 1060 series of miniature pulse trans- 
formers manufactured by Nano Pulse 
Industries has been designed for use with 
triac and s.c.r. circuits. Standard types in 
the range have either two or three windings 
and ratios of 1:1,1:1; 1 or 2:1:1 respectively. 
Minimum inductances can be either 1.5 or 
5mH with maximum leakage inductances 
between 0.5 and 2.3pH. Tekdata Ltd, 
Westport Lake, Canal Lane, Tunstall, 
Stoke-on-Trem, Staffs ST6 4PA. 
WW306 for further details 

Cable identification system 
A system comprising the model H8030- 
30TC pulse transmitter, and the model 
TCD-2 pulse detector is capable of 
identifying each phase anywhere along 
cable runs. A series of coded pulses are 
transmitted by the H8030-30TC on "A" 
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and "B" phases, these pulses combine 
and return on "C" phase. In three- 
conductor cables, each phase can be 
identified by moving a pick-up coil around 
the cable, and by observing the meter on 
the TCD-2 detector. Hipotronics Inc. 
Brewster, NY 10509, USA. 
WW311 for further details 

Multichannel VU meter 
A new instrument called the VUE-SCAN 
replaces conventional VU meters and 
accepts up to 28 channels of audio infor- 
mation which are displayed simultaneously 
as illuminated vertical bars on a television 
monitor screen. The bars are always present 
as a background refereuce. The lower two- 
thirds of the screen has a blue filter and the 
remaining upper third has a red filter. As the 
level of a channel increases the bar repre- 
senting that channel increases in height and 
intensity. Any channel which moves into 
the red position is identified as over- 
modulated. Audio Designs & Manufactur- 
ing Inc. i 6005 Sturgeon, Rosevilie. Mich 
48066, USA. 
WW304 for further details 

Digital clock 
Emihus Microcomponents have designed 
a universal digital circuit specifically for 
use in mains driven electronic digital clocks, 
timers and time-base circuits. The circuit, 
which uses p.m.o.s. technology, has two 
designations—EDC6051 and EDC6052. 
Common features to both are: 50Hz, 60Hz 
or 100k Hz control frequency options; 
three inputs for setting minutes, tens-of- ' 
minutes and hours; stop control feature, 
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reset facility , 12- or 24-hour display. 
a.m)p.m. indication, and eight-decade 
counting in I , 2. 4, 8, b.c.d. option. The 
EDC6051, however, includes a 24-hour 
alarm setting and a "snooze alarm" feature. 
The circuit is contained in a 28-pin d.i.l. 
package. Emihus Microcomponents Ltd, 
Clive House, 12 Queens Road, Weybridge, 
Surrey. 
WW303 for further details 

Rotary wire stripper 
The model 70 wire stripper has been 
designed as a production line machine and 
is capable of handling most types of wire 
up to 0.201in outside diameter. A solid 
carbide swing blade is adjusted to suit the 
wire thickness. The machine is mains­
powered, measures 5-f X 3f X 1 Oin and 
weighs 7f lb. A. Levermore & Co Ltd, 
40 The Broadway, London SW19 !SQ. 
WW309 for further details 

Milliohmeter 
The Toneohm 400A is a mains-operated 
milliohmeter offering five ranges from 
30 milliohm to 3 ohm. The readout is 
indicated on a panel meter, and in the form 
of a resistance dependent audio tone. 
Accuracy is quoted as 5% of f.s.d. and the 
maximum probe voltage is 0.7V. Calibra­
tion is by means of a preset control on the 
front panel of the meter which measures 
15.5 X 10 X 10cm and weighs l.l kg. 
Polar Electronics, P.O. Box 97, Les Villets 
Forest, Guernsey, Channel Islands. 
WW301 forCurthcrdetails 

WW308 

Radio power meter 
A mobile r.f. power meter, TF2512, from 
Marconi is a 50 ohm direct reading 
absorption power meter having a 1 OW and 
30W full-scale range. Frequency range is 
from d.c. to 500MHz, with an accuracy 
of ± 5% up to 250MHz and ± 7% up to 
500MHz. A thermocouple sensing element 
provides true-mean-power measurements 
from any applied waveform. Changing the 
power range is achieved by altering the 
meter sensitivity, therefore it is impossible 
to damage the thermocouple by inadver­
tently switching to the wrong range. 
Marconi Instruments Ltd, St Albans, 
Hens. 
WW310 for further details 

Knobs 
Sifam have introduced a range of knobs 
and accessories which are available in 
11 , 15, 21 and 29mm base-diameter sizes 
with or without indicating line. All the 
accessories are made from nylon except 
for transparent dials which are made from 
a polycarbonate. Black and grey shades 
are standard with green, blue or yellow 
caps and pointers. Sifam Ltd, Woodland 
Road, Torquay, Devon TQ2 7AY. 
WW308 for further details 

Pattern generator 
A pocket-sized u.h.fJv.b.f. 625 line pat­
tern generator has been announced by 
Labgear. The unit ·produces a blank 
raster, 12 horizontaV1 3 vertical lines, and 
an eight-bar grey scale. Both u.h.f. and 
v.h.f. outputs are available from the 
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generator which has a mains/battery facility . 
The instrument measures 4.5 X 10 X 
17.5cm and is available from Labgear 
Ltd, Abbey Walk, Cambridge CBl 2RQ. 
WW315 for further details 

C-hand amplifier 
A solid-state amplifier for use in line-of­
sight communication systems bas been 
introduced by Raytheon. T~e model 
VCM-5004 delivers one watt minimum 
between 7725 and 8275MHz. The design 
incorporates a power output monitor, self­
contained input-output circulators and 
current regulators. Noise figure rating for 
the device is 33dB, gain 27dB minimum, 
phase linearity ±2°/40MHz, and ampli­
tude linearity ± 0.2dB/40MHz. The ampli­
fier operates in a temperature range from 
0 to +55°C and measures 5.75 X 4.75 
X 1.25in. Raytheon Company, 130 
Second Avenue, Waltham, Mass 02154, 
USA. 
WW307 for further details 

Electronic teleprinter 
The ITT-Creed model 2300 is the first tele­
printer to feature l.s.i. circuits and first to 
feature a clutchless print mechanism. It 
offers a cost reduction of about 20% on the 
previous ITf machine, at the same 
time featuring an interchangeable key­
board and a link option board to cater for 
the different Telex systems. The machine 
is lighter, smaller and more reliable than its 
predecessors, as well as being cheaper. 

Ability to work into any Telex system is 
achieved by a plug-in board system that 
includes a diode matrix board from which 
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reset facility, 12- or 24-hour display, 
a.m./p.rn. indication, and eight-decade 
counting in 1,2. 4, 8, b.c.d. option. The 
EDC6051, however, includes a 24-hour 
alarm setting and a "snooze alarm" feature. 
The circuit is contained in a 28-pin d.i.l. 
package. Emihus Microcomponents Ltd, 
Clive House, ) 2 Queens Road, Weybridge, 
Surrey. 
WW303 for further details 

Rotary wire stripper 
The model 70 wire stripper has been 
designed as a production line machine and 
is capable of handling most types of wire 
up to 0.201in outside diameter. A solid 
carbide swing blade is adjusted to suit the 
wire thickness. The machine is mains- 
powered. measures 5-j- X 3f X 10in and 
weighs lj\b. A. Levermore & Co Ltd, 
40 The Broadway, London SVV19 1SQ. 
WW309 for further details 

Milliohmeter 
The Toneohm 400A is a mains-operated 
milliohmeter offering five ranges from 
30 milliohm to 3 ohm. The readout is 
indicated on a panel meter, and in the form 
of a resistance dependent audio tone. 
Accuracy is quoted as 5% of f.s.d. and the 
maximum probe voltage is 0.7V. Calibra- 
tion is by means of a preset control on the 
front panel of the meter which measures 
15.5 X 10 X 10cm and weighs 1.1kg. 
Polar Electronics, P.O. Box 97, Les Villets 
Forest, Guernsey, Channel Islands. 
WW301 for further details 

WW309 
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Radio power meter 

A mobile r.f. power meter, TF2512, from 
Marconi is a 50 ohm direct reading 
absorption power meter having a 10W and 
30W full-scale range. Frequency range is 
from d.c. to 500MHz, with an accuracy 
of ±5% up to 250MHz and +7% up to 
500MHz. A thermocouple sensing element 
provides true-mcan-power measurements 
from any applied waveform. Changing the 
power range is achieved by altering the 
meter sensitivity, therefore it is impossible 
to damage the thermocouple by inadver- 
tently switching to the wrong range. 
Marconi Instruments Ltd, St Albans, 
Herts. 
WW3I0 for further details 

Knobs 
Sifam have introduced a range of knobs 
and accessories which are available in 
11, 15, 21 and 29mm base-diameter sizes 
with or without indicating line. All the 
accessories are made from nylon except 
for transparent dials which are made from 
a polycarbonate. Black and grey shades 
are standard with green, blue or yellow 
caps and pointers. Sifam Ltd, Woodland 
Road, Torquay, Devon TQ2 7AY. 
WW308 for further details 

Pattern generator 
A pocket-sized u.h.f./v.h.f. 625 line pat- 
tern generator has been announced by 
Labgear. The unit produces a blank 
raster, 12 horizontal/13 vertical lines, and 
an eight-bar grey scale. Both u.h.f. and 
v.h.f. outputs are available from the 
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generator which has a mains/battery facility. 
The instrument measures 4.5 X 10 X 
17.5cm and is available from Labgear 
Ltd, Abbey Walk, Cambridge CB1 2RQ. 
WW315 for further details 

C-band amplifier 
A solid-state amplifier for use in line-of- 
sight communication systems has been 
introduced by Raytheon. The model 
VCM-5004 delivers one watt minimum 
between 7725 and 8275MHz. The design 
incorporates a power output monitor, self- 
contained input-output circulators and 
current regulators. Noise figure rating for 
the device is 33dB, gain 27dB minimum, 
phase linearity ±2o./40MHz, and ampli- 
tude linearity ± 0.2dB/40MHz. The ampli- 
fier operates in a temperature range from 
0 to -|-55i:'C and measures 5.75 X 4.75 
X 1.25in. Raytheon Company, 130 
Second Avenue, Waltham, Mass 02154, 
USA. 
WW307 for further details 

Electronic teleprinter 
The ITT-Creed model 2300 is the first tele- 
printer to feature l.s.i. circuits and first to 
feature a clutchless print mechanism. It 
offers a cost reduction of about 20% on the 
previous ITT machine, at the same 
time featuring an interchangeable key- 
board and a link option board to cater for 
the different Telex systems. The machine 
is lighter, smaller and more reliable than its 
predecessors, as well as being cheaper. 

Ability to work into any Telex system is 
achieved by a plug-in board system that 
includes a diode matrix board from which 
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selected diodes are clipped out for indi­
vidual systems (as well as for identification 
codes). " On the fly" printing is used where 
a rotating wheel in front of the paper is 
struck from behind the paper- a technique 
previously applied to data printers. An 
impregnated porous wheel (Porion) resting 
on the character wheel provides inking 
and is claimed to have a life six times that of 
a normal ribbon. 

Operating speed can be 50, 75 or 100 
bauds and the 5-unit (Telex code) electron­
ics have the potential for conversion to an 
8-unit code for data terminals. ITT Creed 
Ltd, Hollingbury, Brighton BN 1 SAL. 
WW312 for further details 

Graphic equalizer 
A graphic equalizer called the Dual lls 
comprises. two identical II band equalizers 
in one case. Each unit uses overlapping 
LCR filters arranged for boosting and 
cutting each channel by up to 12dB. The 
instrument features a noise figure of better 
than - 90dBm and total harmonic dis­
tortion of less than 0.01 %. The equalizer 
is available as either a rack-mount unit or 
fitted in a portable case from Klark-Teknik 
Ltd, Summerfield, Kidderminster, Worcs 
DY l l 7RE. 
WW313 for further details 

High voltage capacitors 
Perdix Components are now offering 
a range of high-voltage capacitors for 
applications where a military grade is not 
required. Standard types are available 
from 2kV d.c. working to 150kV d.c. 
working and capacitances from 500pF to 
0.51JF with a tolerance of ± 20%, ± 10% 
or ± 5% in the operating temperature 
range - 40to + 80°C. Perdix Components 
Ltd, Perdix House, 3 1 Green Lane, 
Chislehurst, Kent BR7 6AG. 
WW314 for further details 

Capacitance meter 
The ESP direct-reading capacitance meter 
provides measurement in the range 1 pF 
to lOIJF. No balancing is required and the 
value is indicated on a linear scale. The 
instrument is powered by a 9V battery 
whose condition is continuously monitored 
by a l.e.d. which will not light if the 
battery voltage drops to a level which will 
affect the performance. The meter is priced 
at £25 plus v.a .t. and is available from 
Electronic Services & Products Ltd, 2a 
Badby Road, Daventry, Northants. 
WW319 for further details 

TV camera tubes 
The latest Mullard television camera tubes 
for use in surveillance systems are claimed 
to operate in light levels of 1 o-1 tux, which 
is equivalent to half moonligbl conditions. 
They consist of Vidicon tubes coupled to 
image intensifiers by means of fibre-<>ptic 
plates. Each device contains its ·own high 
voltage power supply, a target signal ampli­
fier and an automatic brightness level 
control. The brightness level control 
produces a signal that operates the camera 
iris enabling the tube to operate in varying 
light conditions. Mullard Ltd, Mullard 

House, Torrington Place, London WCl. 
WW316 for further details 

Decade resistance box 
The D61/A is a six-decade resistance box 
offering a nominal accuracy of 1% from 
lohm to l,lll,llOohm in steps of !ohm. 
The junction between each decade is 
brought out to· a socket, allowing the box to 
be used as a potential divider. Metal film I% 
resistors are used except for the !ohm 
decade which uses a ± 0.05milliohm 
type. Maximum permissible current varies 
from 7001-JA at lMohm to 2.2A at lohm. 
D. H. Davies, 4 Middleton Drive, Guis­
borough, Cleveland. 
WW317 for further details 

Fusible resistor 
A new and patented thick-film fusible 
resistor from Erie is claimed to supersede 
the conventional wire-wound types in 
which solder has to melt. The resistor has 
a "flip top" mechanism which ejects an inert 
top to provide the fusing action. Two speeds 
of "flip tops" are available; red types fract­
ure in five seconds at 15W and ten seconds 
at 9W while blue types fracture in 20 and 30 
seconds respectively. Both types are flame 
retardant and designed to withstand I 00% 
overload for one minute. Erie Electronics 
Ltd, South Denes, Great Yarmouth, 
Norfolk. 
WW318 for further details 

Solid State 
Devices 
Names of suppliers of devices in this 
section are given in abbreviation after 
each entry and in full at the end of the 
section. 

Power transistors 
International Rectifier have announced a 
range of discrete and Darlington, high 
voltage, power transistors. A feature of the 
new range is the use of glass passivation 
which allows "on-the-junction" hermetic 
sealing which in turn prevents the ingress 
of impurities. 
WW350 for further details 

International Rectifier 

U.h.f. transistor 
The MRF621 has been designed for 12.5V 
operation between 406 and 512MHz. The 
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transistors will provide 45W at 470MHz 
from a 12.5V collector supply. Minimum 
power gain is 4.8dB with a collector 
efficiency of 55%. 
WW351 for further details Motorola 

Diode bridges 
The SCBH05F-4F series are fast recovery 
bridges in an " Alpac-T" aluminium 
package. P.i.v. ratings are from 50 to 
400V with an average output current of 
lOA and a quoted recovery time of 
250ns. 
WW352 for further details Bourns 

Regulator 
A hybrid i.e. regulator, in a T0-3 package, 
called the MIVR 42050-055 \vill deliver 
up to 5A at 5V ± 0.1 V without the need 
for external components. The device 
incorporates short-circuit protection, 
voltage shutdown and current foldback. 
Power rating is 120W at 25°C. 
WW353 for further details GDS 

1 GHz decade counters 
A new range of decade counters com­
prises the SP8665B l GHz, the SP8666B 
l.I GHz, and the SP8667B 1.2GHz coun­
ters, with guaranteed operation over the 
temperature range 0 to 70°C. The counters 
feature a self-biasing clock input, and a 
clock inhibit input for direct gating 
capability. The devices have a typical 
power dissipation of 550mW with a 6.8V 
supply. 
WW354 for further details Plessey 

Linear i.cs 
Recent additions to the RCA range of 
linear i.cs are the T A6480 tv sound i.f. 
and audio output system, the CA1352 tv 
video amplifier, the CA3131 5W audio 
amplifier, and the CA810 7W audio power 
amplifier with thermal shutdown. 
WW355 for further details RCA 

1 024-bit r .a.m. 
Sample quantities are now available of the 
2102 1024-bit static r.a.m. which has an 
access time of 650, 450 or 350ns in the 
temperature range 0 to 70°C. The devices 
are constructed using the Fairchild 
n-channel isoplanar process and are pro­
duced in a 16-pin d.i.l. package. 
WW356 for further detaiJs Fairchild 

Suppliers 
International Rectifier. Hurst Green, 
Oxted, Surrey. 
Motorola Inc., Semiconductor Products 
Division, European Headquarters, P .O. 
Box 8, 16 Chemin de Ia Voie-Creuse, 1211 
Geneva 20, Switzerland. 
Bourns (Trimpot) Ltd, Hodford House, 
17 High Street, Hounslow, Middx 
TW3 JTE. 
GDS (Marketing) Ltd, Michaelmas 
House, Salt Hill, Bath Road, Slough, 
Bucks. 
Plessey Semiconductors, Sales Office, 
Cheney Manor, Swindon, Wilts SN2 2QW. 
RCA Ltd, Solid State-Europe, Sunbury­
on-Thames, Middlesex. 
Fairchild Semiconductor Ltd, Kingmaker 
House, Station Road, New Barnet, Herts. 
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selected diodes are clipped out for indi- 
vidual systems (as well as for identification 
codes). "On the fly" printing is used where 
a rotating wheel in front of the paper is 
struck from behind the paper—a technique 
previously applied to data printers. An 
impregnated porous wheel (Porlon) resting 
on the character wheel provides inking 
and is claimed to have a life six times that of 
a normal ribbon. 

Operating speed can be 50, 75 or 100 
bauds and the 5-unit (Telex code) electron- 
ics have the potential for conversion to an 
8-unit code for data terminals. ITT Creed 
Ltd, Hollingbury, Brighton BN1 SAL. 
WW312 for further details 

Graphic equalizer 
A graphic equalizer called the Dual 11s 
comprises two identical 11 band equalizers 
in one case. Each unit uses overlapping 
LCR filters arranged for boosting and 
cutting each channel by up to I2dB. The 
instrument features a noise figure of better 
than — 90dBm and total harmonic dis- 
tortion of less than 0.01%. The equalizer 
is available as either a rack-mount unit or 
fitted in a portable case from Klark-Teknik 
Ltd, Summerfield, Kidderminster, Worcs 
DYll 7RE. 
WW313 for further details 

High voltage capacitors 
Perdix Components are now offering 
a range of high-voltage capacitors for 
applications where a military grade is not 
required. Standard types are available 
from 2kV d.c. working to 150kV d.c. 
working and capacitances from 500pF to 
0.5pF with a tolerance of +20%, ± 10% 
or ±5% in the operating temperature 
range —40 to +80oC. Perdix Components 
Ltd, Perdix House, 31 Green Lane. 
Chislehurst, Kent BR7 6AG. 
WW314 for further details 

Capacitance meter 
The ESP direct-reading capacitance meter 
provides measurement in the range IpF 
to 1 OpF. No balancing is required and the 
value is indicated on a linear scale. The 
instrument is powered by a 9V battery 
whose condition is continuously monitored 
by a I.e.d. which will not light if the 
battery voltage drops to a level which will 
affect the performance. The meter is priced 
at £25 plus v.a.t. and is available from 
Electronic Services & Products Ltd, 2a 
Badby Road, Davenlry, Northants. 
WW319 for further details 

TV camera tubes 
The latest Mullard television camera tubes 
for use in surveillance systems are claimed 
to operate in light levels of ICT7 lux, which 
is equivalent to half moonlight conditions. 
They consist of Vidicon tubes coupled to 
image intensifiers by means of fibre-optic 
plates. Each device contains its own high 
voltage power supply, a target signal ampli- 
fier and an automatic brightness level 
control. The brightness level control 
produces a signal that operates the camera 
iris enabling the tube to operate in varying 
light conditions. Mullard Ltd, Mullard 

House, Torrington Place, London WC1. 
WW316 for further details 

Decade resistance box 
The D61/A is a six-decade resistance box 
offering a nominal accuracy of 1% from 
lohm to 1,111,1 lOohm in steps of lohm. 
The junction between each decade is 
brought out to a socket, allowing the box to 
be used as a potential divider. Metal film 1 % 
resistors are used except for the lohm 
decade which uses a ± 0.05milliohm 
type. Maximum permissible current varies 
from 700(jA at IMohm to 2.2A at lohm. 
D. H. Davies, 4 Middleton Drive, Guis- 
borough, Cleveland. 
VVW317 for further details 

Fusible resistor 
A new and patented thick-film fusible 
resistor from Erie is claimed to supersede 
the conventional wire-wound types in 
which solder has to melt. The resistor has 
a "flip top" mechanism which ejects an inert 
top to provide the fusing action. Two speeds 
of "flip tops" are available; red types fract- 
ure in five seconds at 15W and ten seconds 
at 9W while blue types fracture in 20 and 30 
seconds respectively. Both types are flame 
retardant and designed to withstand 100% 
overload for one minute. Erie Electronics 
Ltd, South Denes, Great Yarmouth, 
Norfolk. 
WW318 for further details 

Solid State 

Devices 

Names of suppliers of devices in this 
sectiun are given in abbreviation after 
each entry and in full at the end of the 
section. 

Power transistors 
International Rectifier have announced a 
range of discrete and Darlington, high 
voltage, power transistors. A feature of the 
new range is the use of glass passivation 
which allows "on-the-junction" hermetic 
sealing which in turn prevents the ingress 
of impurities. 
WW350 for further details 

International Rectifier 

U.h.f. transistor 
The MRFfi21 has been designed for 12.5V 
operation between 406 and 512MHz. The 
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transistors will provide 45W at 470MHz 
from a 12.5V collector supply. Minimum 
power gain is 4.8dB with a collector 
efficiency of 55%. 
WW351 for further details Motorola 

Diode bridges 
The SCBH05F-4F series are fast recovery 
bridges in an "Alpac-T" aluminium 
package. P.i.v. ratings are from 50 to 
400V with an average output current of 
10A and a quoted recovery time of 
250ns. 
WW352 for further details Boums 

Regulator 
A hybrid i.e. regulator, in a TO-3 package, 
called the MIVR 42050-055 will deliver 
up to 5A at 5 V +0.IV without the need 
for external components. The device 
incorporates short-circuit protection, 
voltage shutdown and current foldback. 
Power rating is 120W at 250C. 
WW353 for further details GDS 

1GHz decade counters 
A new range of decade counters com- 
prises the SP8665B 1GHz. the SP8666B 
1.1 GHz, and the SP8667B 1.2GHz coun- 
ters, with guaranteed operation over the 
temperature range 0 to 70oC. The counters 
feature a self-biasing clock input, and a 
clock inhibit input for direct gating 
capability. The devices have a typical 
power dissipation of 550mW with a 6.8V 
supply. 
WW354 for further details Plessey 

Linear i.es 
Recent additions to the RCA range of 
linear i.es arc the TA6480 tv sound i.f. 
and audio output system, the CA1352 tv 
video amplifier, the CA3131 5W audio 
amplifier, and the CA810 7W audio power 
amplifier with thermal shutdown. 
WW355 for further details RCA 

1024-bit r.a.m. 
Sample quantities are now available of the 
2102 1024-bit static r.a.m. which has an 
access time of 650, 450 or 350ns in the 
temperature range 0 to 70oC. The devices 
are constructed using the Fairchild 
n-channel isoplanar process aud are pro- 
duced in a 16-pin d.i.l. package. 
WW356 for further details Fairchild 

Suppliers 
International Rectifier, Hurst Green, 
Oxted, Surrey. 
Motorola Inc., Semiconductor Products 
Division, European Headquarters, P.O. 
Box 8, 16 Chemin de la Voie-Creuse, 1211 
Geneva 20, Switzerland. 
Bourns (Trimpot) Ltd, Hodford House, 
17 High Street, Hounslow, Middx 
TW3 1TE. 
GDS (Marketing) Ltd, Michaelmas 
House, Salt Hill, Bath Road, Slough, 
Bucks. 
Plessey Semiconductors, Sales Office, 
Cheney Manor, Swindon, Wilts SN2 2QW. 
RCA Ltd, Solid State-Europe, Sunbury- 
on-Thames, Middlesex. 
Fairchild Semiconductor Ltd, Kingmaker 
House, Station Road, New Baruet, Herts. 
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The Greenwood guide to 
professional soldering. 

The Ersa Multitip. A top·quality 
iron that's ultra·light, offering 
reliability so necessary to achieve 
constant production flow. A range 
of different shaped tips simply 

The I so-Tip. A safe, high­
powered iron which works 
anywhere without a mains 
lead. The breakthrough? 
Nickel Cadmium cells that 
are re-chargeable. (A 
charging stand is included 
for 240v or 115v A.C.) 
Each charge gives at least 
60 soldering joints. Weight? 
Only 6oz. 

The Ersa Sprint. Unique - it heats up to 
maximum temperature in only 10 seconds, 
and is the lightest gun on the UK market. 
Ideal for the service-man. With its · 
lightweight (only ?oz.) and compact 
construction, it can be manoeuvred 
in even the most 
awkward areas. 

push onto the stem of the iron. It 
has the unique advantage that you 
can change the element in 
seconds. 

The Oryx 50. A temperature controlled mains 
soldering iron. (Temperature control within ± 2%.) 
Adjustment (2oo•-4oo•c) can be made whilst iron is 
operating using the same tip. Light, compact and easy 
to handle. A large SOW element loading gives rapid 
heating and high performance with constant tip 
temperature. 
Also available: Oryx 
safety stand. 

With the Oryx adjustable 
bench vice you can handle 
soldering, drilling, and 
cutting on even the most 
delicate components. 
Positioning is easy and 
quick, with go• vertical and 
360° horizontal adjustment. 

rP=:s=:e= m-=::; ~~~t7t: ;:::o-:; 
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Greenwood Electronics 
offer a range of highly 
advanced products 
specifically for professional 
soldering applications. 

I range of soldering equipment. I 

Oryx SR3A desoldering 
tool. Ideal where 
components are tightly 
grouped. Instantly removes 
unwanted solder from 
printed circuits etc. 
Accurate, reliable, speedy, 
and safe. 

For more detailed informat­
ion about the comprehensive 
Greenwood range, send us 
the coupon today. 

I Name 1 
I Address J 

I Greenwood - 1 
l Electronics I 
-~- 21 Germain Street, Chesham, Bucks, HP5 lll I 

............. ______________________ ..._ __ r_::~~~ ~e~~~--_j 
ww--mo FOR FURlHER DETAILS 
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The Greenwood guide to 

professional soldering. 

The Ersa Multitip. A top-quality 
iron that's ultra-light, offering 
reliability so necessary to achieve 
constant production flow. A range 
of different shaped tips simply 

The Iso-Tip. A safe, high- 
powered iron which works 
anywhere without a mains 
lead. The breakthrough? 
Nickel Cadmium cells that 
are re-chargeable. (A 
charging stand is included 
for240vor 115v A.C.) 
Each charge gives at least 
60 soldering joints. Weight? 
Only 6oz- 

The Ersa Sprint. Unique-it heats upto 
maximum temperature in only 10 seconds, 
and is the lightest gun on the U K market. 
Ideal for the service-man. With its 
lightweight (only 7oz.) and compact 
construction, it can be manoeuvred 
in even the most 
awkward areas. 

push onto the stem of the iron. It 
has the unique advantage that you 
can change the element in 
seconds. 

The Oryx 50- A temperature controlled mains 
soldering iron. (Temperature control within ± 2%.) 
Adjustment (200:-400SC) can be made whilst iron is 
operating using the same tip. Light, compact and easy 
to handle. A large SOW element loading gives rapid 
heating and high performance with constant tip 
temperature. 
Also available: Oryx 
safety stand. 

With the Oryx adjustable 
bench vice you can handle 
soldering, drilling, and 
cutting on even the most 
delicate components. 
Positioning is easy and 
quick, with 90 vertical and 
360° horizontal adjustment. 

r 

Oryx SR3A desoldering 
tool. Ideal where 
components are tightly 
grouped. Instantly removes 
unwanted solder from 
printed circuits etc. 
Accurate, reliable, speedy, 
and safe. 

Greenwood Electronics 
offer a range of highly 
advanced products 
specifically for professional 
soldering applications. 

For more detailed informat- 
ion about the comprehensive 
Greenwood range, send us 
the coupon today. 

Please send me more details about the Greenwood 
range of soldering equipment. 

Name  

Address  

Greenwood 

Electronics 
21 Germain Street, Chesham, Bucks, HPS ILL 

Tel: 02405 4808 Telex; 83647 

WW—010 FOR FURTHER DETAILS 
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Now-two fascinating ways to enjoy saving money! 

NEW! Sinclair Scientific kit 

Britain's most original calculator 
now in kit form 
The Stnclair Scientific is an altogether 
remarkable calculator. 

It offers logs, trig, and true sctentific 
notation over a 200-decade range ­
features normally found only on 
calculators costing around £1 00 or 
more. 

Yet even ready-built, the Sinclair 
Scientific costs a mere £32.35 
(including VAT}. 

And as a kit it costs under £20! 

Forget slide rules and four-figure 
tables! 
With the funct ions available on the 
Scientific keyboard, you can handle 
.directly 

sin and arcsin, 
cos and arccos, 
tan and arctan. 
automatic squaring and 
doubling, 
log 10,antilog10, giving quick 
access to x• (i ncluding square 
and other roots). 
plus. of course, addition. 
subtraction. multiplication, 
division, and any calculations 
based on them. 

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

So is the Scientific difficult to 
assemble? 
No. Powerful though it is, the Sinclair 
Scientific is a model of tidy 
engineering. 

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

Of course, we'll happily 
supply the Scientific 
or the Cambridge 
already bui lt, if you 
prefer - they're still 
exceptional value. 
Use the order form. 

Components for Scientific kit 
(iII ustrated) 

1. Coil 
2. LSI chip 
3. Interface chips 
4. Case mouldings, with buuons. 

windows and light-up display in 
position 

5. Printed circuit board 
6. Keyboard panel 
7. Electronic components pack 

(diodes. resistors, capacttors. etc. ) 
8. Battery assembly and on/off switch 
9. Soft carrying wallet 

1 0. Comprehensive instructtons for use 

Assembly time is about 3 hours. 

Features of the Sinclair Scientific 

B.66c9-a 1 

l r<,d 
ln iO 

e 12 functions on simple keyboard 
Basoc toys and trrg t..mctoons (and thctr 
nverses). all from~ "eyboard as somple as a 

normal arothmct'c ca cutators. ·uppeo and 
ower case· operatoon means basoc 

ato thmctH.: Keys cacn hilvC two extra 
funct ions. 

e Scientific notation 
D i sp l ~y shows 5 doqi t m~ntossa. 2·dlgot 
exponent, bo th signable. 

4t 200-decaderange 
10 99 to 10·9~ 

e Reverse Polish logic 
Post fixed operators allow chaon 

calculat,ons of unhmoted length 
elom nate need for an = button. 

e 25-hour battery life 
4 AAA manganese alkaline batteries 

(e.g. MN 2400) give 25 hours contonuous 
use. Complete i ndependence from external 
powor, 

e Genuinely pocketable 
4 1 / 3'' X 2 " X 11 / 16". W cight 4 OL. 
Atttactively styled in grey, blue and 
white. 
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Now-two fascinating ways to enjoy saving money! 

|^W! ^'nc'a'r Scientific kit 

Britain's most original calculator 
now in kit form 
The Sinclair Scientific is an altogether 
remarkable calculator. 
It offers logs, trig, and true scientific 
notation over a 200-decade range - 
features normallyfound only on 
calculators costing around £100 or 
more. 
Yet even ready-built, the Sinclair 
Scientific costs a mere €32.35 
(including VAT). 
And as a Mil it costs under £20! 

Forget slide rules and four-figure 
tables! 
With the functions available on the 
Scientific keyboard, you can handle 
.directly 

sin and arcsin, 
cos and arccos, 
tan and arctan, 
automatic squaring and 
doubling, 
'09 10,antilogy, giving quick 
access to xv (including square 
and other roots), 
plus, of course, addition, 
subtraction, multiplication, 
division, and any calculations 
based on them. 

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

So is the Scientific difficult t 
assemble ? 
No. Powerful though it is, the S 
Scientific is a model of tidy 
engineering. 
All parts are supplied - all you 
need provide is a soldering 
iron and a pair of cutters. 
Complete step-by-step 
instructions are provided, 
and our Service Department 
will back you throughout if 
you've any queries 
or problems. 
Of course, we'll happily 
supply the Scientific 
or the Cambridge 
already built, if you 
prefer - they're still 
exceptional value. 
Use the order form. 

Components for Scientific kit 
(illustrated) 

1. Coil 
2. LSI chip 
3. Interface chips 
4. Case mouldings, with buttons, 

windows and light-up display in 
position 

5. Printed circuit board 
6. Keyboard panel 
7. Electronic components pack 

(diodes, resistors, capacitors, etc.) 
8. Battery assembly and on/off switch 
9. Soft carrying wallet 

10. Comprehensive instructions for use 
Assembly time is about 3 hours. 

I ■ • 
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Features of the Sinclair Scientific 
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Scientific 
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% 12 functionson simple keyboard 
Basic logs and tng functions (and their 
"iverges), all from a keyboard as simple as a 
normal arithmetic calculator's. 'Upper and 
lower case" operation means basic 
ariihmolic Keys each have two extra 
functions. 

0 Scientific notation 
Display shows 6 digit mantissa, 2-cligit 
exponent both signable. 

0 200-decade range 
10" lo 10-" 

# Reverse Polish loq«c 
Pos? * x'xl oDe'atnrs > • .v cha.f. 

i . < il t'tros i,l unl-m i«-(; . •<}', . 
.rrina*," nrrt'd f j- i 

0 25-hoiir battery life 
4 AAA manganese alkaline batteries 

(e.g. MN 2400) give 25 hours continuous 
use. Complete ndependence from external 
power 

0 Genuinely pocketahie 
- - 1.2 x > .11 1'» W o1 t 1 

% Amacti I. " grcv' blue and 
white. 



Wireless World, December 1974 

/ 

Sinclair Cambridge kit 

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

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

It's not surprising. Check the 
features below - then ask yourself 
what other pocket calcu lator offers 
such a powerful package at such a 
reasonable price. 

Components for Cambridge kit 
1. Coil 
2. LSI chip 
3. Interface chip 
4. Thick film resistor pack 
5. Case mou ldings. w ith buttons, 

w indow and light-up display in 
position 

6. Printed circuit board 
7. Keyboard panel 
8 . Electronic components pack 

(diodes, resistors, capacitors, 
transistor) 

9. Battery clips and on/off switch 
1 0. Soft wallet 

Assembly t ime is about 3 hours. 

Features of the Sinclair Cambridge 
e Uniquely handy package. 
41 / 3" x 2" x 11 / 16", weight 31 / 2 oz. 

Clear-last-entry feature. 

Fully-floating decimal point. 

Algebraic logtc. 

e Constant and algebraic logic combtne to 
act as a limited memory. allowing complex 
calculations on a calculator costmg less 
than £15. 

WW-006 FOR FURlHER DETAILS 
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Take advantage of this 
money-back, no-risk offer today 
The Sinclair Cambridge and Scientific 
kits are fully guaranteed. Return either 
kit w ithin 1 0 days. and we' ll refund 
your money without question. 

A ll parts are tested and checked before 
despatch- and we guarantee any 
correctly-assembled calqulator for one 
year. (This guarantee also applies to 
calculators supplied in built form.) 

Simply fill in the preferential order form 
below and slip it in the post today. 

Scientific 
Price in kit form £19.95 inc. VAT. 
Price built £32.35 inc. VAT. 
Cambridge 
Price in kit form £14.95 inc. VAT. 
Price bu ilt £21.55 inc. VAT. 

r-----------, 
To : Sinclair Radionics Ltd. 
FREEPOST,St lves, 
Huntingdon, Cambs. PE17 4BR 

Please send me 
- Sinclair Scientific kit at £19.95 
- Sinclai r Scientific built at £32.35 
, - Sinclair Cambridge kit at £14.95 
1 Sinclair Cambridge built at £21 .55 

A ll prices includeS% VAT. 

•1 enclose a cheque for ( ........................... .. 
made out to Sincla ir Radionics Ltd, 
and crossed. 

• Please debit my* Barclaycardi 
Access account. Account number 

• Delete as required. 

Signed 

Name 

Address 

Please print. FREEPOST- no stamp 
needed. 

L--------=~"-1 
sinclair-
Sinclair Radionics Ltd. 
FREE POST ,St lves. 
Huntingdon, Cambs. PE174BR. 

Reg. No : 699483 England. VAT Reg. No: 213 817088. 
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Sinclair Cambridge ki 

At its new low price, the original 
Sinclair Cambridge kit remains 
unbeatable value 
In less than a year, the Cambridge 
has become Britain's most popular 
pocket calculator. 
It's not surprising. Check the 
features below - then ask yourself 
what other pocket calculator offers 
such a powerful package at such a 
reasonable price. 

Components for Cambridge kit 
1. Coil 
2. LSI chip 
3. Interface chip 
4. Thick film resistor pack 
5. Case mouldings, with buttons, 

windowand light-updisplay in 
position 

6. Printed circuit board 
7. Keyboard panel 
8. Electronic components pack 

(diodes, resistors, capacitors, 
transistor) 

9. Batteryclipsand on/off switch 
10. Soft wallet 
Assembly time is about 3 hours. 

Features of the Sinclair Cambridge 

3. I H 15 9 5 7 

m 
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% Uniquely handy package. 
41 /S" x 2" x 11 /16", weight 31 /2 oz. 

0 Standard keyboard. 
All you need for complex calculations. 

0 Clear-last-entry feature, 

0 Fully-floating decimal point. 

0 Algebraic logic. 

0 Four operators (-S —. x. A ), with 
constant on all four. 

0 Powerful constant with separate 'K' 
button. 

9 Constant and algebraic logic combine to 
act as a limited memory, allowing complex 
calculations on a calculator costing less 
than £15. 

0 Calculates to Ssignificant digits 

0 Clear, bright 8-digit display, 

iliinn. • Operates for weeks on four 

Take advantage of this 
money-back, no-risk offer today 
The Sinclair Cambridge and Scientific 
kits are fully guaranteed. Return either 
kit within 10 days, and we'll refund 
your money without question. 
All parts are tested and checked before 
despatch - and we guarantee any 
correctly-assembled calculator for one 
year. (This guarantee also applies to 
calculators supplied in built form.) 
Simply fill in the preferential order form 
below and slip it in the post today. 

Scientific 
Price in kit form £19.95 inc. VAT. 
Price built £32.35 inc. VAT. 
Cambridge 
Price in kit form £14.95 inc. VAT. 
Price built £21,55 inc. VAT. 

"I 
To: Sinclair Radionics Ltd. 
FREEPOST, Stives. 
Huntingdon, Cambs. PE17 4BR 

Please send me 
Sinclair Scientific kit at £19.95 

n Sinclair Scientific built at £32.35 
Sinclair Cambridge kit at £14.95 
Sinclair Cambridge built at £21.55 

All prices include 8% VAT. 

'I enclose a cheque for £  
made out to Sinclair Radionics Ltd, 
and crossed. 

"Pleasedebit my "Barciaycard/ 
Access account. Account number 

•Delete as required. 

Signed 

Name 

Address 

Please print. FREEPOST-no stamp 
needed. 

WW/12/74 [ 

sir-ii=laii— 
Sinclair Radionics Ltd. 
FREEPOST,Stives. 
Huntingdon, Cambs. PE1 74BR. 

Reg. No: 699483 England. VAT Reg. No; 213 81 7088. 
WW—006 FOR FURTHER DETAILS 
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A cartridge in a pear tree. 

What a superb Christmas Gift a Shure V-15 Type Ill would be! With 
it you could hear the true sound of pipers piping, drummers drum­
ming, rings ringing. As the giver, you would make a Hi-Fi enthusiast 
supremely happy not only at Christmas time but throughout the 
years to come. As a last resort, if nobody else takes the hint, why not 
give one to yourself! 

Shure Electronics Limited 
Eccleston Road, Maidstone ME15 GAU 

· Telephone: Maidstone (0622) 59881 
WW-0~5 FOR FURTHER DETAILS 

® 

a60 Wireless World, December 1974 

n cartridge in o pear tree. 

What a superb Christmas Gift a Shure V-15 Type III would be! With 
it you could hear the true sound of pipers piping, drummers drum- 
ming, rings ringing. As the giver, you would make a Hi-Fi enthusiast 
supremely happy not only at Christmas time but throughout the 
years to come. As a last resort, if nobody else takes the hint, why not 
give one to yourself! 

Shure Electronics Limited 
Eccleston Road, Maidstone IV1E15 6AU 
Telephone: Maidstone (0622) 59881 

W W—035 FOR FURTHER DETAILS 



Wireless World, December 1974 

Real and 
l111aginary 
by "Vector" 

How quo was my 
status? 
In the October issue the Editor sprang to 
the stirrup to bring us the good news that 
active steps are being taken to improve 
our professional status. As one whose 
status only departs from the zero line to 
swing negative 1 fervently applaud this 
noble project. · 

In his communique the Editor empha­
sized the importance of status and , as ever, 
Sir is so right. I remember one instance at 
a Farnborough Air Show. I'd been invited 
to a wining and dining session by a couple 
of high-powered aviation executives who 
were under the impression (rightly) that 
our Chairman was in the market for a 
private heavier-than-air machine. They 
were also under the impression (terribly 
wrongly) that I had some pull with the Old 
Man. (Actually they'd confused me with 
another chap of the same l).ame who was a 
big wheel in our company.) The rendez­
vous they'd chosen resembled a morgue 
with waiters, but the food was cordon bleu 
stuff so I let them stav confused. Not until 
the coffee-and-liqueu~s stage had been 
reached was the conversation ever-so­
delicately steered around to executive 
aircraft, whereupon the truth was revealed 
and it wasn't long before I was cast forth 
into outer darkness. 

Upon reflection, this last bit isn't quite 
true, for the hotel forecourt, like its cus­
tomers, was well lit. I was halfway across 
it when my way was barred by a drunken 
Irishman who was built roughly to the 
scale of the Giant's Causeway. Without 
ado he seized my lapel in one massive paw 
and swept his other arm around in a 
magnificent arc which encompassed the 
assembled battalion of Meres. Jags and 
Rolls-Royces. 

"If yez ask me," he said, thrusting his 
seven o'clock shadow to within three 
inches of tnine, "if yez ask me, dese are 
nudding but a bunch Gf ~"'":' ~"~* status 
symbols!" And releasing his grip he 
lurched oti into the night. So did I, but in 
fhe opposite direction; I didn't want to be 
in the immediate vicinity if a Rolls sud­
denly went off bang. But I couldn't help 
agreeing with the expressed philosophy. 
An engineer with a five-year-old Mini 

doesn't stand a dog's chance with the 
dollies on the Air Show stands when these 
counter-jumpers with their hired status 
symbols are around. So vive le status! 

The brisk, ambitious lad who is con­
templatin_.g entering electronics should 
have no great difficulty in acquiring a 
status which is instantly recognizable 
throughout the profession, but there are 
short cuts to the top of the tree. As a first 
step he should hang on at university for as 
long as the state and his parents. can be 
coerced into subsidizing him.' During this 
foetal phase he should collect as many 
degrees as possible, including, naturally, 
a Ph.D. This won't. necessarily give him 
the engineering capability of replacing a 
busted fuse but it looks very fetching on an 
application for a job. A word of warning, 
however. I believe that in the USA Ph.Ds 
are so thick on the ground (I use the term 
"thick" to mean a high population level 
and not in its "thick as two planks" con­
notation) that only the medical profession 
uses the word "doctor". So if you do get 
one, don't emigrate to the States. 

If you must go into the electronics indus­
try, join a big firm. Having got a Ph.D. on 
the payroll they won't know what to do 
with you, so you can easily get yourself 
lost in the organization. Join as many 
learned societies as you can and spend 
your time in the sanctuary of the firm's 
library, writing papers for their Proceed­
ings. Provided that you make them com­
pletely unintelligible the learned societies 
will publish them and you'll soon establish 
an enviable reputation for appearances in 
the literature. You are now well on your 
way to becoming a world authority on the 
sex life of the electron (or whatever your 
chosen subject is) and invitations to speak 
at conferences and symposia will flow in. 
Choose your acceptances with care, selec­
ting those which coincide in venue and 
timing with the Motor Show, the Boat 
Show or whatever function forms your 
particular interest. Many symposia are 
held abroad, usually in some warm, exotic 
locality; with care, you can spend nine 
months of the year overseas, living on 
your expense account. Your firm will be so 
bucked at all this they they'll create you a 
Plenipotentiary Scientific Consultant which 
merely means that what you've formerly 
been doing under cover can now be done 
in the open. 

Other forms of status in industry are 
often more apparent than real. Long ago, 
firms tumbled to the fact that the tea-boy 
works better if he's called a Stimulant 
Provision Officer and that the arrangement 
operates to some extent in lieu of more 
pay. It works up to a point, but when 
everybody in the organization is an 
admiral you're back to square one, for 
status is relative, not absolute. There arc 
other, more reliable, guidelines. In any 
given Product Division there may be a 
dozen managers; at tea break, eleven will 
send their secretaries for a cuppa from the 
automatic dispenser while one will get a 
pot of tea on a tray brought by a waitress. 
Guess who's the big wheel? 

Offices are another status symbol. Titles 
who share an office with half a dozen 
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other titles don't rate i_n the hierarchy, but 
conversely, the news that y.ou're to be 
given an office on your own does not 
necessarily mean that you've arrived. It 
could merely be th.at Works and Bricks 
have discovered a disused store cupboard 
and you're being bunged in there to get 
you out of everybody else's hair. Only 
when you move into a room big enough to 
house six, with carpet on the floor and a 
shapely blonde secretary installed in an 
outside office, can you feel that you're in 
the big league. From then on, promotion 
will take you to ·more and more opulent 
structures; from the Chairman's doorway, 
for instance, you can just glimpse his desk 
on a clear day while, for all you know, a 
couple of tigers may be lurking in the pile 
of the carpet. 

But as the Editor points out, status­
recognition within the profession is rela­
tively straightforward; it's recognition by 
the public that's the problem. They brush 
shoulders with us in the street in total un­
awareness that we're the chaps who've 
brought fulfilment to their lives. Without 
us they'd never have known those tender 
moments with Ena Sharples, neither could 
they ever go on safari to Mummerset to 
help the Archers with the carrot harvest. 
Little do these lesser mortals know that 
supermen are standing alongside them in 
the queue. That, if we chose to turn from 
electronics to some honest form of toil, 
we would divorce them for ever from sight 
and sound of Messrs Wilson, Heath, 
Thorpe, Savile, Blackburn, Waring et al. 
If they did know this, I'm sure they would 
make due obeisance. 

The tragedy is that, away back in the 
Stone Age of radio, we- at least our 
forebears- had the adulation of the gene· 
ral public and lost it. lf you have access 
to the early volumes of W. W., take a look 
at the photographs and you'll see what I 
mean. There he sits, this superman of old, 
stonefaced in front of a pile of iron­
mongery and curly wires; twin-banded 
earphones are clamped on his head; one 
hand is adjusting a stud-switch while the 
other is poised over a morse key1 Clearly, 
matters were at crisis point when the pic­
ture was taken; a message from Mars, 
perhaps? Or an SOS from mid-Atlantic? 
The general public never saw these 
wizards in the flesh but gazed in awe at 
their pictures, knowing that they con­
versed not in mortal tongues but in an 
alien dot-dash language of their own. Then 
along came the loudspeaker and the micro­
phone and killed the mystery stone 
dead. I think the headphones were the 
key feature; shorn of those we became 
indistinguishable from the common herd. 

So the problem resolves itself into one 
of instant recognition; here, I think we 
might learn from the Armed Services, with 
their insignia. Couldn't we, for instance, 
borrow the hand grasping a bunch of 
straws that the RAF use to distinguish · 
their electronics personnel? On sec(md 
thoughts, no; it isn't showy enough. 
Personally, I think something along the 
lines of Batman's uniform is called for. 
TI1at really should do something for our 
public image. 

Wireless World, December 1974 519 

Real and 
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by "Vector" 

How quo was my 

status? 

In the October issue the Editor sprang to 
the stirrup to bring us the good news that 
active steps are being taken to improve 
our professional status. As one whose 
status only departs from the zero line to 
swing negative I fervently applaud this 
noble project. 

In his communique the Editor empha- 
sized the importance of status and, as ever, 
Sir is so right. I remember one instance at 
a Farnborough Air Show. I'd been invited 
to a wining and dining session by a couple 
of high-powered aviation executives who 
were under the impression (rightly) that 
our Chairman was in the market for a 
private heavicr-than-air machine. They 
were also under the impression (terribly 
wrongly) that I had some pull with the Old 
Man. (Actually they'd confused me with 
another chap of the same name who was a 
big wheel in our company.) The rendez- 
vous they'd chosen resembled a morgue 
with waiters, but the food was cordon bleu 
stuff so I let them stay confused. Not until 
the coffee-and-liqueurs stage had been 
reached was the conversation ever-so- 
delicately steered around to executive 
aircraft, whereupon the truth was revealed 
and it wasn't long before I was cast forth 
into outer darkness. 

Upon reflection, this last bit isn't quite 
true, for the hotel forecourt, like its cus- 
tomers, was well lit. I was halfway across 
it when my way was barred by a drunken 
Irishman who was built roughly to the 
scale of the Giant's Causeway. Without 
ado he seized my lapel in one massive paw 
and swept his other arm around in a 
magnificent arc which encompassed the 
assembled battalion of Mercs. Jags and 
Rolls-Royces. 

"If yez ask me," he said, thrusting his 
seven o'clock shadow to within three 
inches of mine, "if yez ask me, dese are 
nudding but a bunch of ****** status 
symbols!" And releasing his grip he 
lurched off into the night. So did i, but in 
the opposite direction; I didn't want to be 
in the immediate vicinity if a Rolls sud- 
denly went off bang. But I couldn't help 
agreeing with the expressed philosophy. 
An engineer with a five-year-old Mini 

doesn't stand a dog's chance with the 
doilies on the Air Show stands when these 
counter-jumpers with their hired status 
symbols are around. So vive le status! 

The brisk, ambitious lad who is con- 
templating entering electronics should 
have no great difficulty in acquiring a 
status which is instantly recognizable 
throughout the profession, but there are 
short cuts to the top of the tree. As a first 
step he should hang on at university for as 
long as the state and his parents can be 
coerced into subsidizing him. During this 
foetal phase he should collect as many 
degrees as possible, including, naturally, 
a Ph.D. This won't necessarily give him 
the engineering capability of replacing a 
busied fuse but it looks very fetching on an 
application for a job. A word of warning, 
however. I believe that in the USA Ph.Ds 
are so thick on the ground (1 use the term 
"thick" to mean a high population level 
and not in its "thick as two planks" con- 
notation) that only the medical profession 
uses the word "doctor". So if you do get 
one, don't emigrate to the States. 

If you must go into the electronics indus- 
try. join a big firm. Having got a Ph.D. on 
the payroll they won't know what to do 
with you. so you can easily get yourself 
lost in the organization. Join as many 
learned societies as you can and spend 
your time in the sanctuary of the firm's 
library, writing papers for their Proceed- 
ings. Provided that you make them com- 
pletely unintelligible the learned societies 
will publish them and you'll soon establish 
an enviable reputation for appearances in 
the literature. You are now well on your 
way to becoming a world authority on the 

- sex life of the electron (or whatever your 
chosen subject is) and invitations to speak 
at conferences and symposia will flow in. 
Choose your acceptances with care, selec- 
ting those which coincide in venue and 
timing with the Motor Show, the Boat 
Show or whatever function forms your 
particular interest. Many symposia are 
held abroad, usually in some warm, exotic 
locality; with care, you can spend nine 
months of the year overseas, living on 
your expense account. Your firm will be so 
bucked at all this they they'll create you a 
Plenipotentiary Scientific Consultant which 
merely means that what you've formerly- 
been doing under cover can now be done 
in the open. 

Other forms of status in industry are 
often more apparent than real. Long ago, 
firms tumbled to the fact that the tea-boy 
works better if he's called a Stimulant 
Provision Officer and that the arrangement 
operates to some extent in lieu of more 
pay. It works up to a point, but when 
everybody in the organization is an 
admiral you're back to square one, for 
status is relative, not absolute. There arc 
other, more reliable, guidelines. In any 
given Product Division there may be a 
dozen managers; at tea break, eleven will 
send their secretaries for a cuppa from the 
automatic dispenser while one will get a 
pot of tea on a tray brought by a waitress. 
Guess who's the big wheel? 

Offices are another status symbol. Titles 
who share an office with half a dozen 

other titles don't rate in the hierarchy, but 
conversely, the news that you're to be 
given an office on your own does not 
necessarily mean that you've arrived. It 
could merely be that Works and Bricks 
have discovered a disused store cupboard 
and you're being bunged in there to get 
you out of everybody else's hair. Only 
when you move into a room big enough to 
house six, with carpet on the floor and a 
shapely blonde secretary installed in an 
outside office, can you feel that you're in 
the big league. From then on, promotion 
will take you to more and more opulent 
structures; from the Chairman's doorway, 
for instance, you can just glimpse his desk 
on a clear day while, for all you know, a 
couple of tigers may be lurking in the pile 
of the carpet. 

But as the Editor points out, status- 
recognition within the profession is rela- 
tively straightforward; it's recognition by 
the public that's the problem. They brush 
shoulders with us in the street in total un- 
awarcness that we're the chaps who've 
brought fulfilment to their lives. Without 
us they'd never have known those tender 
moments with Ena Sharpies, neither could 
they ever go on safari to Mummerset to 
help the Archers with the carrot harvest. 
Little do these lesser mortals know that 
supermen are standing alongside them in 
the queue. That, if we chose to turn from 
electronics to some honest form of toil, 
we would divorce them for ever from sight 
and sound of Messrs Wilson, Heath. 
Thorpe. Savile, Blackburn. Waring el al. 
If they did know this, I'm sure they would 
make due obeisance. 

The tragedy is that, away back in the 
Stone Age of radio, we—at least our 
forebears—had the adulation of the gene- 
ral public and lost it. If you have access 
to the early volumes of W. W., take a look 
at the photographs and you'll see what I 
mean. There he sits, this superman of old, 
stonefaced in front of a pile of iron- 
mongery and curly wires; twin-banded 
earphones are clamped on his head; one 
hand is adjusting a stud-switch while the 
other is poised over a morse key. Clearly, 
matters were at crisis point when the pic- 
ture was taken; a message from Mars, 
perhaps? Or an SOS from mid-Atlantic? 
The general public never saw these 
wizards in the flesh but gazed in awe at 
their pictures, knowing that they con- 
versed not in mortal tongues but in an 
alien dot-dash language of their own. Then 
along came the loudspeaker and the micro- 
phone and killed the mystery stone 
dead. I think the headphones were the 
key feature; shorn of those we became 
indistinguishable from the common herd. 

So the problem resolves itself into one 
of instant recognition; here, I think we 
might learn from the Armed Services, with 
their insignia. Couldn'F we, for instance, 
borrow the hand grasping a bunch of 
straws that the RAF use to distinguish 
their electronics personnel? On second 
thoughts, no; it isn't showy enough. 
Personally, I think something along the 
lines of Batman's uniform is called for. 
That really should do something for our 
public image. 
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391 Oct.. 508 Dec. 

Klensch. R. J., Kaplan. G.. Johnson. H. C. & Shefer, J.. 
117 May. 199 June 

Knoll. K. F. & UnswOrlli. L., 375 Oct. 
Lailhwaite, E. R.. 2 Mar. 
Lane, 8.. 237 July, 449 Nov. 
Langford, A- K., 455 Nov. 
Lewis, R.. 273 Aug. 
lomas. G.. 429 Nov. 

Macario, R. C. V., 95 Apr. 
McLachlan. A. S., Ainley, J. H. & Harry, R. J., 191 June, 

255 July 
Meares,D,J„ 335 Sept. 
Moghadam. A. A. & Ilgner, R. A., 364 Oct. 
Moir, J., 65 Apr., tellers, 181 June, 386 Oct. 

Nosworthy, J. R. K. & Rolle. N. J.. 231 Julv, 337 Sept., 
491 Dec. 

Osborna, J. M-, 44 Mar. 
Penketh.J.R.. llOMay 
Perryraan, R. & Stefani, I. L., 505 Dec. 
Pike, W. S.. 224 July 

Read, D.C.,443 Nov. 
Roddam, T., 156 May. Le(rcr,!,346 Sept. 
Rode. N. J. & Nosworthy. J. F. K., 231 July, 337 Sept., 

491 Dec. 
Sager. J. C. & Carey, M. J.. 422 Nov. 
Sandman. A. M., 367 Oct. 
Scroggie. M, G., 291 Aug. 
Scarle.N.H., 203 June 
Sexton. B.,31 Mar, 
Shefer. J., Klensch, R. J., Kaplan, G. & Johnson. H. C„ 

117 May, 199 June 
Shelley. B. J., 235 Julv 
Skingicy, J. A., 173 June 
Skingley, J. A. & Thompson. N. C- 58 Apr.. 124 May 
Spencer. D. B. & Freeman, K. G., 39 Mar. 
Spencer. J. G.. 266 Aug. 
Starks-Fieid, A, B., 477 Dec. 
Stefani. I. L. & Perryman, R.. 505 Dec. 
Taylor, W, K. & Wilkowski, J. J., 332 Sept. 
Thomas. M. V.. 341 Sept. 
Thompson. N.C.& Skingley. J. A., 58 Apr., 124 Mav 
Tong. D. A., 245 July. 293 Aug. 
Unsworth, L. & Knott, K. F., 375 Oct. 
"Vector", 108 Apr., 264 July. 314 Aug., 470 Nov., 519 Dec. 
Watkinson.J. R..216 July 
Wicker, R.G., 87 Apr. 
Williams. E. W., 472 Dec. 
Williams. P., Carruthers. J.. Evans. J. H. & Kinsler. J.. 

45 Mar., 99 Apr.. 130 May. 204 June. 308 Aug.. 
391 Oci.. 508 Dec. 

Winn.R, F. E.,413 Oct. 
Wilkowski, J. j. & Taylor, W. K., 332 Sept. 
Woodruff, A. & Bishop, A.. 316 Sept.. 382 Oct. 

I ww—100 FOR FURTHER DETAILS |s 



Bright 3 12 digit 8 mm q:o display. 
Reading up to 1.999. 
Dual slope'integration. 
Auto-polarity opefatjon. 
5 functions each with four ranges. 
Internal battery. 
Up to 60 hours operation. 
The extruded aluminium case gives 
excellent strength and screening from interference, 
and the circuitry, using MOS LSI for rel iability, 
is protected against severe overload. 

inclair Multimeter DM2 £59+VAT 
t; Smart carry case £5 +VAT extra. 

We think we've thought of everything. 
But do ask for the leaflet. 
Enquiry No. 

Name 

Address 

Please send literature 

Sinclair Multimeter DM2 £59 

Bright 3'/a digit 8 mm LED display. 
Reading up to 1.999. 
Dual slope integration. 
Auto-polarity operation, 
5 functions each with four ranges. 
Internal battery. 
Up to 60 hours operation. 
The extruded aluminium case gives 
excellent strength and screening from interference. 
and the circuitry, using MOS LSI for reliability, 
is protected against severe overload. 

-VAT 
Smart carry case £5+VAT extra. 

i 

We think we've thought of everything. 
But do ask for the leaflet. 
Enquiry No. 

Name 

Address 

Please send literature 
□ 

I enclose cheque £63.72 (includes VAT 
post and packing UK only) Please send DM2 by return post 

  air- 
Sinclair Radionics Limited St Ives Hunts PE17 4HJ 

1 enclose official company order 

12 month guarantee. 14 day money back trial period 
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EUI 1.31 PL508 us U111 0.75 VR150/30 US 306 .... 6AK5 o .. u 6C6 O.st 8l8G .... 
EZB1 Ul Pl802 us U801 0.7$ Xl56 0.15 3S4 .... 6AK8 0.48 8CII6 t.st 8L7G Ul 
GY501 1.75 PY33 .... UABC80 .... Z800U %.70 3V4 1.15 8AL5 0.25 6CH8 1.45 ISA7 o.st 
GZ34 1.71 PY80 0.40 UAF42 O.&S Z801U %.71 58/254M 4.10 6Al5W 0.55 8CL6 0.75 8SA7GT .... 
GZ37 1.10 PYSI .... UBC41 o.so Z800T t.lt 58255M a. so 8AM6 us 806 o.ss ISC7GT 0.41 

£ £ KT66 %.Sf PY82 1.40 U8F80 0.40 1A3 t.ss 5R4GY 0.10 6AN8 1.45 8EA8 1.15 ISG7 o.st l'HE VAL'fll Wl'l'll A 
A1065 1.25 ECL80 0.55 KT88 3.01 PY83 1.40 U8F89 .... 1L4 t.:t5 5U4G t .CS 6AQ5 t.45 6F7 t.1t ISJ7 o.ss 
AR8 o.ss ECL82 0.35 MH4 1.75 PY88 1.45 U8LT 1.00 6AQSW 1.11 6F8G 0.75 &SJ7GT 0.35 &tl'AltAIITEB 

A TP4 o.so ECL83 0.70 ML6 o.u PYSOO t .OO UBL21 0.70 6AS6 I.H 8F23 I.N 6SK7 0.55 
812H uo ECL66 0.45 OA2 1.45 PYSOO 0.45 UCC85 0.45 6AT6 0.45 8F32 0.75 6SL7GT o.so £ £ 
CY31 0.50 EF36 0.65 082 0.45 PY801 0.5t UCF80 1.75 VAT 8% 8AU6 .... 6F33 3.50 &SN7GT o.so 30F5 t.Ot 957 1.50 
DAF96 o.so EF37A 1.20 PABCSO 0.40 QQV03-10 UCH42 0.75 6AV8 0.45 6H6 0.35 650 7 t.S5 30FL1 t .Ot 1629 0.70 
OF96 0 .50 EF40 f,7S PC97 0.50 1.40 UCH81 0.45 EXTRA 6A X4GT 0.75 6 J4WA 1.25 6V6G o.tS 30FL12 '·" 2051 1.00 
OK96 0.70 EF41 o.u PC900 0.51 OQV08·40A UCL82 0.45 6AX5GT t .eo 6J5 us 8V8GT 1.50 30FL14 O.H 5933 3.10 
Ol92 MO EF80 •• 30 P CC84 0.40 1.06 UCL83 0.15 687 0 .70 6 J5GT o.so 6X4 0.40 30L15 us 6057 0.7$ 
OL96 0.10 EF83 1.25 P CC85 0.41 QV03· 12 1.10 UF41 0.70 6BA6 0.30 6J6 0.30 8X5 G 0.40 30L17 o.ts 6060 1.70 
OY88/67 0.40 EF85 0.35 P CC88 o.IO RIO 0 .10 UF80 0.35 3A4 0.10 SV4G 0.55 68E6 0.35 6J7 o.eo OXSGT o.so 30P12 1.01 6064 O.M 
OY802 0.40 EF88 0.35 P CC89 0.50 SCI/400 3 .00 Uf85 0.45 IRS 0.40 5Y3GT o.ss 68G8G 8.90 5J7G 0.40 8Y8G .... 30P19 t.Ol 606$ 1.01 

~~ccl:o1 ~:ro EF89 0.30 PCC189 8.10 SC!/800 s.oo UF89 0 .50 154 uo 5Z3 0.10 6BJ6 O.IS 6K6GT o.tt 6Z4 I.U 30PL1 0.95 6080 Z.30 
EF91 0.45 PCF60 0 •. 40 SP61 0.75 UL41 0.70 1T4 0.30 5Z4 0 .10 68Q7A 0.10 8K7 0.55 6·30L2 .... 30PL13 f ,fl 6148 2.25 

Et82CC t.ZS EF92 0.50 PCF82 0.40 TT21 s.oo UL84 0.40 1X2A .... 5Z4TG 0.55 68R7 1.20 6K7G 0.31 787 0.10 61468 3.:t5 
EASO 0.40 EF95 0.4t PCF84 0,10 U25 us UY41 0.45 IX2B 0.75 6A87 .... 88W6 1.01 6K8GT O.st 7Y4 0 .10 8020 5.00 
EABC80 0.41 EF183 0.35 PCF88 .... U26 1.75 UY85 0.48 2021 0.50 O;t.C7 O.tt 68W7 1.00 6K25 f.Ol 806 .... VIDICON 8001 5.10 
EAF42 0.15 EF184 0.35 PCF200 0.75 U27 t .U VR105/30 1.45 2K25 .... O;t.H6 t .71 6C4 0 .40 6U 1.25 802 t.OI TUBfS 9002 1 .51 
EB91 us EFL200 t .75 PCF201 0.75 12AG 0.55 9003 t .70 
E8C33 1.01 EL33 %.50 PCF801 t .$5 TRANSISTORS Pleate wrUe or phone for current pric:e of any 12ATa t.CS fM I types 9004 1.:15 
E8C41 t.lS EL34 1.70 PCF802 o.st of the tranalatora, diodes shown below. t2AT7 0.40 s&17A & 900& 1.35 
E8Fto t .4t EL36 o.so PCF805 O.N 12AU7 t.A S&17C E8F83 l.st EL41 o.tt PCF806 0.75 AC113 AF118 BF167 GETI16 OC3t SXl$4 2N2062 12AVI 0.51 
E8F89 t.U EL81 0.60 PCF808 .... AC126 A flU BF185 GEX66 OC42 ZR11 2N2147 12AX7 us £20.00 • • . 
EC52 t.35 EL82 0.55 PCH200 o.tt AC127 AFZ12 8FYS1 NKT222 OC« ZR21 2N2411 12BA6 t.45 

~g~l .... EL84 0.30 PCL81 t .S5 AC128 ASY26 8FY52 OA5 OC45 1N23A 2N2989 128E6 I. SO C.R. TUBIEB 
t .35 EL85 O.H PCL82 0.40 AC176 ASY27 8FY90 OA47 OC70 1N25 2N3053 128H7 1.50 30PL14 1.10 OG7.S U.to 

ECC83 o.A EL86 0.45 PCL83 1.15 ACY18 ASY28 BSY27 OA70 OC73 1N32A 2N3054 12C8 0.55 35L6GT 0.75 
ECC84 0.35 EL90 0.45 PCL84 I.CS ACYIO BC106 BSY36 OA71 OC78 1N38A 2N3055 12E1 3.50 35W4 o.so OGI:J-2 11.00 

ECC85 0.40 El504 .... PCL86 0.50 ACY20 BC118 BS Y95A OA73 OC78D 1N43 2N3390 12KS f,IO 35Z4GT 0.70 OG13-34 U.to 
ECC86 o.to EM31 t .80 PCL805 0.10 ACY28 8C119 8YZ16 OA79 OC8t IN70 2N3391 12K7GT o.so socs 0.10 

MW13-3S 35.00 

ECC66 0.50 EM80 0.55 PFL200 0.70 ACY39 8C136 C RSt/10 OAt I OC82 1N277 2N3730 12K8GT 0.70 50COBG 1.10 VCRI39A t.OO 

ECC189 0.70 EM84 0 .40 Pfl200 0.70 ACY40 8C137 CRS1/20 OA200 OC820 1N415C 2N3731 12Q7GT 0.70 75 f .OO 
3BP1 4.50 

ECF80 0.40 EM84 t .OO P L36 o.eo AO I49 BCI48A CRSI/30 OA202 OC820M 1N4148 2N3819 12SA7GT t .70 75C1 0.75 880 0.00 

ECF82 0.40 EY51 0.45 PL81 0.50 AO I6 1 BCI72 CRS I/40 0AZ200 OC83 2 N456A 2N4039 12SG7 t .55 76 0.75 88J 1.80 

ECF601 1.75 EY81 0.45 PL82 0.45 A0162 8C112A CRS3/10 OC22 OC139 
r N7M 

2N4058 12S J7 0.55 78 1.70 88L t.oo 
ECH42 0.10 EY86 0.40 PL83 0.45 AOZ11 8C212A CRS3/20 OC22 OC140 2N918 2N4061 12Y4 t .40 80 0.75 
ECH81 t.33 EY88 0.50 PL84 0.45 AOZI2 BCY31 CRS3/30 OC26 OCI70 2N1304 2N4785 1457 1.00 85A2 0.75 
ECH83 0.4$ EZ40 0.70 Pl504 .... AF114 8CY33 CRS3/40 OC28 OCI72 2N1305 2NS21S 19AOS o.ts 723afb 1.00 
ECH44 0.45 EZ41 0.75 PL506 1.00 AF115 8CY72 CRS25/025 OC29 OC200 2N1307 3N128 19G3 .... 803 f,IO AF116 8F115 GET\ 15 OC39 OC200 2N1309 3Nt54 19GS 1.10 805 14.00 SP!CIAL 

AF117 OTHERS IN STOCK inc. 3NIS9 19HS 14.00 807 o.u VAL VIES 

A lot of theae valves are imported and 
AF118 VALVES AND TRANSISTORS /ntegtlled elr~ults, CRT 25303 20P3 .... 813 1.50 CV239 45.01 AF124 4 special ~•lru. Min. ... 20P4 1.11 8156A 1.20 MSQ3.2J42 1nlcts vary for each delivery, so we AF125 Tetephone enquiries lor valves, 2082 reserve the right to change c>rices for AF126 M•JJ Order £1. U.K. 2Sl6GT 0.70 931A 1.01 42.01 

new atock when unavold•bl&. AF127 
uanslstors, etc .. retail 749 3934; Post~e £1·£2, 1lp, £2.-3, 40250 30CI5 t .OI 954 O.st K301 7.01 

AFIU !lade and export 743 0899. Ztp, ov•r £1 (rftf. C.O.D. 40251 30CI7 1.01 t55 t.St KRN2A .... 
tSpulta, - 30C16 O.N IS6 O.st 725A :13.01 

VALVES 
£ f; f; • f; 

TF144H SIG· 
HAL GEN. 

BEST !'RICES I'AID FOR TEST AND COMMUNICATION 
EQUIPMENT. Single it.mo or q uantitieo. Private or lnduotrial. 

RACAL RECEIVERS 
Modola RA17, RA17 Mk. II, RA 17L, 
RA17W, RAH7E, in condition hom 
worklno "•• teen" to brand new in 
c.abinete. Prices on a pplication. 
DIVERS ITY SWITCH TYPE 
MAiltB, aolld a1a1e, £45.00. 

TEKTRONIX 
OSCillOSCOPES 
571A·IOOMHz, sepatate P.S.U. £150 
complete. 
661A-10MHz, solid state. complete 
with 3A1 dual trace vert. and 383 delay 
time bau plug·ins P.O.A. 
541A·33MHz. Choice of plug·ins. P.O.A. 
lA21&A(545A)·33MHr. separate time 
bun with delay. P.O.A. 
545-ISMHz. Separate time bases with 
delay. Price on application. 
PLUG-IN UNITS 
CA-24 MHz dual tra.,. 50MV·20V. 
G-20 MHz diHerential 50MV-20V. 
l - 30 MHz fast rise time SMV-20V. 
D- High gain differential 1MV·50V. 
N 600MHz sampling IOMV-cm. 
53/54C. Oual trace 33MHz. 60MHz, 
o.05·20v. 

TEKTRONIX 
515 OSCILLOSCOPE 

DC to 100MHt. Separate time bases 
with delay and 5X magnifier. T ime 
baae A: 0"0& microsecs to 2 secJcm In 
24 .. 1taoea a lao contlnuou$ly v~Iiable 
bttwttn attpe. Time base 8: 2 micro­
ate• to 10 aec in t8 stage~. Oetay 1 
mfcroaee to 10 sec. Compl ete with 
ty&>e 81 adaptor enabl;ng \JSe of all 
letter aerlea plug ins. Type 80 plug-in 
(lett probe) a tao available. 

SOLARTRON 
C:D 1400 OSCILLOSCOPE with 15MHz 
var1 plug· lns and cho:ca of s tandard or 
delev time base P.O.A. 
AS 870.3 CURRENT LIMITIN G 
POWER SUPPLY o-30v in steps of 
10. I. 0. IV Ul "P IO 3A £5(). 

* Open 9-12.30, 1.30-5.30 p.m. * 
except Thursday 9-1 p.m. 

Froq. range 10 

~~~-~utput~~tl 
lo 2V ot 50 ohmo 
400 and 1000 Hz 
i ntornal mod. 
l imited qty. 

~~:r .~~~·.~ ·:~~ 
Prlco on rt" 
quut. 

500/250W MEDIUM WAVE BROAD· 
CAST TRANSMITTERS. Prlco and 
detalla on opplic:ation. 

HEWLETT -
PACKARD 

178A OSCILLOSCOPE wilh 1750A 
dua1 trace vert pfug-in and 1781 B def,ay 

:::,~,~ ftu~~V/~t~,/Bm:~~ 
ma1n. man si!_'l91e. mixed. m3in deleved. 

~~:rt\1~P5DN~ ~~c'li.LOSOOPE. 
800MHz. complete with 188A 1 mV/CM 
dual trttCC plug in. 1 GHz p robo and 

s~4cal. Fe1L~c"i:J';,.~C' COUNT£11/ 
TIMER direct reading to lOMHz. e)C· 
tended 10 500M Ht dc;.."Cnding on con· 
verrer clug•in. also period and tima 
nluusuroment . 8 d:g;t in-line display 
Oil Nhciu tubes. £185 w ith one plug-in 
(81 below) 5246 model. spec as for 
524C but display on 6 neon lttrl lp 
decades and 2 mete~s £115 with una of 

gk0s~:1101"b~~6c\~~~~~ ' ~~~~v;~~o~~o 
MHz. I525C: 10Q-SOOMHz £45 c•va). 
8188 SHF SIGNAL GENERATOR 

~~~ .. ~~:e~Hrx;t·i~.~- oc~p~:o.~~~:. 
~gg;~ ~uJ~roc~:c~d:...ToR 19oHz 
:~~5.ba'anced or unt:atanced. smal 

300A HARMONIC: WAVE ANALY· 
Sl!ft f"t6Q. G-16JtHz. FuLl soec & P.O.A 

TELEQUIPMENT 543C & D43HOSCILLO· 
SCOPES£80. 
KAHN SSB ADAPTOR MODEL 
RSS8• 62• 1 B. Designed for receivers wilh 
455-500kHz t.F. (eg comns 5 1J: AR88D cocl 
at 100mV (max) input . Features: Electronic 
A.F.-C . . carrier fraquency d;versitv to combat 
ftld tng; 20 sue R.C. memory to mairnain tuning 
dud1'0 .$Ovcre fading: individu3i currier meta~: 
llii VIt;tQr f: low distortion product demodulator. 
F"llspec & P.O.A. · 

TEST EQUIPMENT 
for direct line for au enquiries fe9ard· 
~~743 t;:~. equipment only, phone 

TF ttiD/1/S SIGNAL GENERATOR. 
Range1G-485 MHz: in five ranges. R.F. output 
0•1 uV-IV aource e.m.f. Oiat calibrated In 
voila, dtclbele and power relative to thermal 
nolat. Piston type attenuator. 500: output 
Impedance. lnternaJ modulation at 1 kHz 
at up to to% depth, also external aine and 
pulae modulation. Built-In $MHz: crystal 
calibrator. Separate R.F. and mod. mettfl. 
P.O.A. 

TF UOOS DDUBLI! PULSE G!N!RA• 
TOR WITH TM -IS SECOND• 
ARY PULSE U NIT. For testing radar, 

~rc~'·~n~c:c. '•i-ole~~;~"'R~'P. ti~::~~ 
10Hz to 100kHz, P"lso width 0·1 to 
100u aec., delay - 1·5 to +300014 aec., 
rlat llll\t 30N sec. SPEC. TM -/B. 
Aa for TF1400S except pulse width 
0·5 to 25JI oec., delay 0 to +30011 sec. 
£231. 

TF Uta OSCILLATOR AND DIETECTOR 
UNIT f;St .... 

T F 1:1218, TFI22SA, TF mA. WHITE 
NDIBI TIBT SIET £113 .... Full apt¢, 
on recaueat. 

ROHDE & 
SCHWARZ 

~;~z.015'o'{,~A&i~c~p~a~~u~~;~~f 
terminal networks. ptlase shift, phase 

~78M'c o'liil'e~'l>.'\l~~"'·f{!p~ P~~c~ 
HiOh FtCQ. resolution, internal/external 
mOd., up to3Vout. P.O.A. 
POLYSKOP SWOB 1 . 0 .5-400MH> 
750. P.O.A. 
VHF WATTMETER & MATCHING 
INDICATOR 30i80W. 230MHz. 750. 
P O.A. 
VHF VOLTMETER TYPE UDND 
P.O.A. 
MICROWAVE POWER METER 
TYPE NRD. ()-3200\'IHz at 500. 
0 200mW in 4 r.a!lgeS. buflt~n 
Clltbt"a:ion check with meawriog head 
C125. 
FREQUENCY SYNTHESIZER TYPE 
XUA. 30Hh!OMH• wit~ FREQUENCY 
INDICATOR TYPE FKM.15--3CMKz: 
3()-IOOMtiz.P.O.A. 

a PHASI AUTO TRANSFORMER, wye 
Input 400•, wye output 241 .5/230J218.5v 50e 
18kVA. Mode by W estinghouse o l USA. 
Brand new In original eases £10,ttlncluding 
UK 1ranoport. 

RACAL UNIVERSAL COUNTER/TIMER 
SA5$1 ICT40t) 

8 digit In• 
line read-out. 
Facl l l tlo a 
Include: d lr· 
rect hequency 
meaaurement 
up to 100MHz; 
pulae. period, 
ratio, time 
Interval and 
totalloJng 
mea au r•· 
menta. Input sensitivity variable from 300MV 
to 8V, three Independent inputs, t-tlt-.ch.ck 
etc. full apee. on request. £145. 

PLEASE NOTE 
Unless offered as "as seen" 

ALL EQUIPMENT 
ordered · from us is completely over­
hauled mechanically and electrically 

in our own labo ratorjes 

FOR EXPORT ONLY 
TRANSMITT!RB: 

SC 610 Halllcrof1ora. 
RCA ET 4336 alao modified voralon ol 
lncrtalld output to 700w. 
C:OLLJNS TYPE231D 4/Skw., 10 channtl, 
autotone and manual tuning. All above 
compll1t fnatallaUon and epare parte. 
TRANaCIIVIR.S 
18, 1tHP, 31, 82. 
C·13 TRANSMITTERS 
RACAL COMMUNICATIDNS 
EQUIPMENT 
We are able to offer a comprehentlve 
selection from the range of this modern 
high clasa e<~uipment Including, 
receivers, L.F. Converters, SS8 adap· 
tora, panotamlc adaptors, dlveralty 
awltchea, transmitter driver units, 
linear ampllfleta can be built to 
cuatomera• requirements. Please und 
ut your enQuiries. 

AltH SPARES. Wt hold the largut otock 
In U.K. Write lor llot. 
R.F. MITER t).8 amp. 21" (U.S.A.) &I·N 
p, f.P.15p. 
TILIPHDNI TYPE"J" (Troplcallud) 
10 lint MAGNETO TIUPHONE 
aWITCHaDARD 
St Uno AUTOMATJC PRIVATI 
TIL.IPHONII. SWITCHBOARD 
Price of eech of the above on application. 

PLEASE ADD 
8%VAT 

COLOMOR ( EUCTIIONICS) LTD. 
t70 Goldhawk Rd., London, W.ll 

Tel. 01 • 743 0899 

a62 Wireless World, December 1974 

VALVES 
£ £ A1065 1.25 ECL80 0.55 AR8 0.55 ECL82 0.35 ATP4 0.50 ECL83 0.70 ai2H 3.00 ECL86 0,45 CY3I 0.50 EF36 0.65 DAF96 0.50 EF37A 1.20 DF96 0.50 EF40 0.75 

OK96 0.70 EF41 0.65 DL92 0.40 EF80 0.30 
DL96 0.60 EF83 1.25 DY86/87 0.46 EF85 0.35 DY802 0.40 EF86 0.35 
E88CC/01 1.20 EF89 0.30 ElfiOCC 0.70 EF91 0.45 
E182CC 1.25 EF92 0.50 
EA50 0.40 EF95 0.40 
EABCaO 0.46 EFt83 0.35 
EAF42 0.75 EF1S4 0.35 
EB91 0.25 EFL200 0.75 
EBC33 1.00 EL33 2.50 E8C41 0.75 EL34 0.70 
EBFB0 0.40 EL36 0.60 
EBF83 0.50 EL4I 0.10 EBF89 0.35 EL81 0.60 
EC52 0.35 EL82 o.ss 
ECC81 ! 0.40 EL84 0.30 
ECC82 0.33 EL85 0.60 
ECC83 0.33 EL86 0.45 
ECC84 0.35 EL90 0.45 
ECC85 0.40 EL504 0.10 
ECC86 0.90 EM31 0.60 
ECC88 0.50 EM80 0.55 
ECC189 0.70 EM84 0.40 
ECF80 0.40 EM84 1.00 
ECF82 0.40 EY51 0.45 
ECF801 0.75 EY81 0,45 
ECH42 0.80 EY86 0.40 
ECH81 0.33 EY88 0.50 
ECH83 0.45 EZ40 0.70 
ECH84 0.45 E241 0.75 

£ E280 0.30 EZ81 0.30 GY501 0,75 GZ34 0.70 GZ37 1.00 KT66 2.59 KTSS 3.00 MH4 0.75 ML6 0.65 OA2 0.4b OB2 0.45 
PA8CB0 0.40 PC97 0.50 
PC 900 0.50 PCC84 0.40 
PC 085 0.40 
PCC88 0.60 
PCC89 0.50 PCC189 0.60 PCF80 0.40 PCF82 0.40 PCF84 0.60 PCF86 o.io PCF200 0.75 
PCF201 0.75 PCF801 0.55 PCF802 0.50 PCF805 0.90 PCF806 0.75 PCF803 0.90 PCH200 0.80 PCLSt 0.55 PCL82 0.40 PCL83 0.65 PCL84 0.45 PCL86 0.50 PCLS05 0.60 PFL200 0.70 PFL200 0.70 PL36 0.60 
PL8I 0.50 PL82 0.45 
PL83 0.45 PL84 0.45 PL504 0.80 
PL508 1.00 

£ £ PL509 1.35 U19t 0.75 PL802 0.15 U801 0.75 PY33 0.60 UABC80 0.40 PY80 0.40 UAF42 o.bb PY8f 0.40 UBC41 0.60 PYa2 0.40 UBF80 0.40 pyea 0.40 UBF89 0.40 PY88 0.45 UBLI 1.00 PY500 1.00 UBL21 0.70 PY800 0.45 UCC8S 0.45 PY801 0.50 UCF80 0.75 Q0VO3-10 UCH42 0.75 1.40 UCH81 0.45 OQVO6-40A UCL82 0.45 8.CKJ UCL83 0.65 i > o 1.10 UF41 0.70 R10 0.60 UF80 0.35 SCI/400 3.00 UF85 0.45 SC1/6C0 5.00 UF89 0.50 SP61 0.75 UL4I 0.70 TT21 5.00 UL84 0.40 U25 0.B5 UY41 0.45 U26 0.75 UY85 0.40 U27 0.65 VR105/30 0.45 

VR150/30 0.45 XW 0.85 Z800U 2801U Z900T 1 A3 1L4 

2.70 2.70 1.20 0.55 0.25 

306 3S4 3V4 5B/254M SB255M 5R4GY 5U4G 

£ " 
0.40 0.40 0.15 4.00 3.50 0.90 0.45 

VAT 8% 
EXTRA 

3A4 0.60 5V4G 0.55 1R5 0.40 5Y3GT 0,55 1S4 0.30 523 0.80 1T4 0.30 524 0.10 1X2A 0.60 524TG O.SS 1X2B 0.75 6AB7 0.60 2D21 0.50 6AC7 O.M 2K25 9,00 6AH6 0.70 

£ £ 6AKS 0.40 6C6 0.50 6AK8 0.40 6CB6 0.50 6AL5 0.25 6CH6 1.45 6AL5 W 0.55 6CL6 0.75 6AM6 0.4S 6D6 0.55 6AN8 0.45 6EA8 0.85 6A05 0.45 6F7 1.10 6A05W 0-70 6F8G 0.75 6AS6 0.80 6F23 0.90 6AT6 0.45 6F32 O./b 6AU6 0.40 6F33 3.50 6AV6 0.45 6H6 0.35 6AX4GT 0.75 6J4WA 1.25 6AX5GT 1.00 6J5 0.65 6B7 0.70 6J5GT 0.50 6BA6 0.30 6J6 0.30 6BE6 0.35 6J7 0.60 68G6G 0.90 6J7G 0.40 6BJ6 0.6S 6K6GT 0.80 6B07A 0.60 6K7 0.55 6BR7 1.20 6K7G 0.30 6BW6 1.00 6K8GT 0.50 6BW7 1.00 6K25 1.00 6C4 0.40 6L6 1.25 

£ 6L6G 0.40 6L7G 0.40 6SA7 0.50 6SA7GT 0.40 6SC7GT 0.40 6SG7 0.50 6SJ7 0.55 6SJ7GT 0.35 6SK7 0.55 6SL7GT 0.50 6SN7GT 0.50 6SQ7 0.55 

A lot of these valves are Imported and prices vary for each delivery, so we reserve the right to change prices tor new stock when unavoidable. 

TRANSISTORS 
AC113 AF178 BF167 GET116 OC36 SX754 AC126 AF186 BF185 GEX66 OC42 ZR11 AC127 AF212 BFYS1 NKT222 OC44 ZR21 AC128 ASY26 BFY52 OA5 OC45 1N23A AC176 ASY27 BFY90 OA47 OC70 1N2S ACYI8 ASY28 BSY27 OA70 OC73 1N32A ACY19 BC108 BSY38 OA71 OC78 1N38A ACY20 BC118 BSY95A OA73 OCTSD 1N43 ACY28 BC1t9 BY216 OA79 OC81 1N70 ACY39 BC136 CRSl/10 OA91 OC82 1N277 ACY40 BC137 CRS1/20 OA200 OC82D 1N415C AD149 BCf 48A CRSl,'30 OA 202 OC82DM 1N4148 ADt61 BC172 CRSI/40 OA2200 OC83 2N456A AD162 BC172A CRS3/10 OC22 OC139 2N708 AD211 BC212A CRS3/20 OC22 OC140 2N918 AD2t2 BCY31 CRS3/30 OC26 OC170 2N1304 AF114 BCY33 CRS3/40 OC28 OC172 2N1305 AF115 BCY72 CRS25/025 OC29 OC200 2N1307 AF116 AF117 AF118 AF124 

BF115 GET115 OC39 OC206 2N1309 

VALVES AND TRANSISTORS 
OTHERS IN STOCK inc. integrated circuits, CRT <t special valves. Mln. Mail Order £1. U.K. AF125 Telephone enquiries or valves. AF126 AF127 AF139 

transistors. etc., retail 749 3934; Postage £1-£2,17p, £2-3, trade and export 743 0899. 22p. over £3 free. C.O.D. 25p extra. 

Please write or phone tor current price of any of the transistors, diodes shown below. 
2N2062 2N2147 2N2411 2N2989 2N3053 2N3054 2N3055 2N3390 2N3391 2N3730 2N3731 2N3819 2N4038 2N4058 2N4061 2N4785 2N5295 3N128 3N154 3N159 2S303 404 2082 40250 40251 40668 

6V6G 6V6GT 6X4 6X5G 6X5GT 6Y6G 6Z4 6-30L2 7B7 7Y4 9D6 9D2 12AG 12AT6 I2AT7 12AU7 12AV6 12AX7 12BA6 12BE6 12BH7 12C8 12E1 12K5 

0.15 0.50 0.40 0.40 0.50 0.90 0.S5 O.W 0.80 0.80 0.40 6.00 0.55 0.45 0.40 0.33 0.50 0.33 0.45 0.50 0.50 0.55 3.50 1.10 
12K7GT 0.50 12K8GT 0.70 1207GT 0.70 12SA7GT 0.70 12SG7 0.55 12SJ7 12Y4 14S7 19AQ5 19G3 1966 19H5 20P3 20P4 

0.55 0.40 1.00 0.65 8.00 6.60 14.00 0.60 1.10 25L6GT 0.70 30C15 1.00 30C17 30CJ8 1.00 0.90 

THE VALVE WITH A OUARAHTEE 

30F5 30FL1 30FL12 30FL14 30L15 30L17 30P12 SOP 19 30PL1 30PL13 

£ 1.00 1.00 1.10 0.M 0.95 0.95 1.00 1.00 0.95 1.10 

VID1C0N 
TUBES 

EMI types 
9G77A b 

9B77C 
£20.00 ea. 

30PL14 1.10 35L6GT 0.75 35W< 35Z4GT 50C5 
0,50 0.70 0.80 5DC06G 1.10 75 75C1 76 78 80 85A2 723a/b 803 805 807 813 866A 931A 954 955 956 

U 0.75 0.75 0.70 0.75 0.75 8.00 6.0G 14.00 0.65 6.50 1.20 6.00 0.50 0.50 0.50 

957 1629 2051 5933 6057 6060 6064 6065 6080 6146 6146B 8020 9001 9002 
9003 9004 9006 

£ 0.50 0.70 1.00 3.00 0.75 0.70 0.60 1.00 2.30 2.25 3.25 5.00 5.00 0.50 0.70 0.35 0.35 

C.R.TUBES 
DG7-5 12.00 DG13-2 18.00 DG13-34 12.00 MW13-35 35.00 VCR139A 8.00 3BP1 4.50 880 9.00 88J I.DO 88L 9.00 

SPECIAL VALVES 
CV239 45.00 M503-2 J42 42.00 K30t 7.00 KRN2A 6.00 725A 23.00 

* 

m 

RACAL RECEIVERS Models RA17, RA17 Mk. 11, RA 17L, RA17W, RA117E, in condition from working "as seen" to brand new in cabinets. Prices on application. DIVERSITY SWITCH TYPE MA168B, solid state, £45.00. 

TEKTRONIX 
OSCILLOSCOPES 
571A-GOOMHz, soparate P.S.U. £150 
complete. 
SG1A-10MHz, solid state, complete 
with 3A1 dual trace vert, and 3B3 delay 
lime base plug-ins P.O.A. 
541A-33M Hz. Choice ol plug-ins. P.O.A. 
LA265A{545A}-33MHz, separate time 
bases with delay. P.O.A. 
545-15MHz. Separate time bases with 
delay. Price on application. 
PLUG-IN UNITS 
CA—24 MHz dual trace 50MV-20V. 
G—20 MHz differential 50MV-20V. 
L—30 MHz fast risa time 6MV-20V. 
D—High gain differential 1MV-50V. 
N 600MHz sampling lOMV-cm. 
53/54C. Dual trace 33MHz. 80MHz. 
0,05-20v. 

TF144H SIG- NAL GEN. Freq. range 10 KHz-72 MHz." R.F. output 2uV to 2V at 50 ohms 400 and 1000 Hz inlornal mod. Limited gty. only available. Full spec, and price on re- quest. 
TF 1102 AMPLITUDE MODULATOR Amplitude modulates at up to 80% the C.W. or P.M. output of any signal generator with a frequency range of 100kHz to 500MHz. Input waveforms to the modulator may be: sine, square, pulse or picture at any level up to HI impedance, Mod level monitored on panel meter. £40-00 
TF 12S8A VMF SPECTRUM ANALYSER for analysis and measurement of Radar Equipment. Frequency range 190 to 230MHr with crystal check points. Sweep width 0-S to 5MHz, output pulse delay (a) 85-175 wSec, (b) 0-7-1-4 mSac with xl and X2 multiplier and~2, XI, X2 multiplier. Output 2uV to 20mV wllh X10 multiplier. £208. 

lfls.T.Z?i££? ,PAI,D .FOR TEST and communication kuuirntNT. Single itams or quantitias. Private or Induetrial. 

TF 801D/1/S SIGNAL GENERATOR. Range 10-48$ MHz in five ranges. R.F. output 0-1 uV-IV source e.m.f. Dial calibrated in volts, decibels and power relative to thermal noise. Piston type attenuator, 50S2 output impedance. Internal modulation at 1 kHz at up to 90% depth, also external sine and pulse modulation. Built-in 5MHz crystal calibrator. Separate R.F. and mod. meters. P.O.A, 

RACAL UNIVERSAL COUNTER/TIMER 
SA550 (CT48I) 

8 digit In- line read-out. Facilities Include: dir- rect frequency measurement up to 100MHz; pulse, period, ratio, time Interval and totalising measure- ments. Input sensitivity variable from 300MV to 9V, three Independent inputs, self-check etc. Full spec, on request. £145. 

TEKTRONIX 
585 OSCILLOSCOPE 

DC to tOOMHr. Separate time bases with delay and 5X magnifier. Time base A: 0 05 microsecs to 2 sec/cm in 24 ..stages also continuously variable between steps. Time base B: 2 micro- secs to 10 sec in 18 stages. Delay 1 microaec to 10 sec. Complete with type 81 adaptor enabling use of all letter scries plug ins. Type 80 plug-in (less probe) also available. 

S00/250W MEDIUM WAVE BROAD- CAST TRANSMITTERS. Price and details on application. 

HEWLETT- 
PACKARD 

175A OSCILLOSCOPE with I750A dual trace ver* piug ir: and 1781B delay time base plug-in. SOW Hz minimum bandwidth at 50mV/CM. T/B modes: main, main single, mixed, main delayed, delaying. Full Spec & P.O.A. 185A Sampling oscilloscope. 800MHz. complete with 188A ImV/CM dual trace plop-in. 1GHz probe and manual. Full spec & P.O.A. 524C ELECTRONIC COUNTER/ TIMER direct reading to 10MHz, ex- tended to BOOVHz depending on con- verter plug-in. also period and time measurement. 8 digit in-line display on Nixie tubes. £185 with one piug-in (as below) 524B model, spec 33 for 524C hut display on 6 neon lamp decades and 2 meters £115 with one of the following plug-ins: 52 6A Video amp. 525A; lO-lOOMHz, 525B: 100-22C MHz. I525C: 100-500MHZ £45 extra). 616B SHF SIGNAL GENERATOR Freq 1.75GHz-4.2GHz. Mod: F.M. C.W.. Pulse. Ext A.M.. output 0.1 uV- 200mV. Fuil spec & P.O.A. 200AB AUDIO OSCILLATOR 19kHz. 600ohm balanced or unbalanced, smali size. £25. 300A HARMONIC WAVE ANALY- SER Fiet?. O—l 6kHz. Full soac & P.O.A 

TF 1400S DOUBLE PULSE GENERA' TOR WITH TM M40/S SECOND- ARY PULSE UNIT. For testing radar, nucleonics, 'scopes, counters, filters etc. SPEC. TF 1400S. Rep. freq. lOHr to 100kHz, pulse width 0-1 to 100u sec., delay —1-5 to +3000u sec., rise time 30N sec. SPEC. TM HM/S. As for TF1400S except pulse width 0 5 to 25u sec., delay 0 to +3O0w sec. £230. 

PLEASE NOTE 
Unless off«r«d as "a* seen" 

ALL EQUIPMENT 
ordered from us is completely over- 
hauled mechanically and electrically 

in our own laboratories 

TF S26B OSCILLATOR AND DETECTOR UNIT £50 60. 

SOLARTRON 
CD 14O0 OSCILLOSCOPE v.ith 15MHz vert plug-in$ and choice of standard or delay time base P.O.A. AS 870.3 CURRENT LIMITING POWER SUPPLY O—30v in steps of 10. 1.0. TV at up to 3 A £50. 

TELEQU1PMENT 543C 8< D43H OSCILLO- SCOPES £80. KAHN SSB ADAPTOR MODEL RSSB=62--1B. Designed for receivers with 455-500kHz I.F. (eg Coliins 51J: AR88De:c! at lOOmV (max) input. Features: Electronic A.F.C.. carrier frequency diversity to combat fading: 20 sec R.C. memory to inaintain tuning during severe fading; individual carrier meters; nuvistors; low distortion product dcmodjlatof. Full spec & P.O.A. 

Open 9-12.30, 1.30-5.30 p.m. 
except Thursday 9-1 p.m. 

TF 122tB, TF122SA, TF 577A. WHITE NOISE TEST SIT £115-66. Full spec, on request. 

ROHDE& 
SCHWARZ Z-g DIAGRAPH TYPE ZDU. 30 420 MHz. 500. Directly measures multi- terminal networks, phase shift, phase angle etc. with complemeiuary POWER SIGNAL GENERATOR TYPE SMLM High Freq. resolution, internal/external moo., up to 3V out. P.O.A. POLYSKOP SWOB 1. 0.5-400MH7 750. P.O.A. VHF WATTMETER & MATCHING INDICATOR 30/80W. 230MHz. 750. P.O.A. VHF VOLTMETER TYPE UDND P.O.A. MICROWAVE POWER METER TYPE NRO. O 3200MHz at 500. 0-200mW in 4 ranges, built-in calibration check with measuring head £125. FREQUENCY SYNTHESIZER TYPE XUA. 30Hz-30MHz with FREQUENCY INDICATOR TYPE FKM. 15 3CMHz: 30-1 COM Hz. P O.A. 

TECHNICAL MATERIAL CORP: 
EXCITER/TRANSMITTING MODE SELECTOR Freq. 2-32MHz. M.O.and 10 crystal positions Vernier tuning. U.S.8./ L.S.B.varcarrierinse'tionGtc.£200. F-S.K. EXCITER, Freq. i-6.5V.Hz. O-I OOHz continuous frequency shift. Up to ♦ 600H/ switched frequency correction. Modes F.A.X.: F.S • M S C.: C.W. £50. 

FOR EXPORT ONLY 
TRANSMITTERS: 

BC 610 HallicraflerB. RCA ET 4336 also modified version of Increased output to 70Clw. COLLINS TYPE 231D 4/5kw., 10 channel, autotone and manual tuning. All above complete Installation and apare parle. 
TRANSCEIVERS 19, 19HP, 38. 62. C-13 TRANSMITTERS 
RACAL COMMUNICATIONS EQUIPMENT We are able to offer a comprehensive selection from the range of this modern high class equipment Including, receivers, L.F. Converters, SSB adap- tors, panoramic adaptors, diversity switches, transmitter driver units, linear amplifiers can be built to customers' requirements. Please send us your enquiries. 

ARM SPARES. We hold (he largest stock in U.K. Write tor list. 
R.F. METER 0-8 amp. 2in (U.S.A.) £M6 P. &P.15p. 
TELEPHONE TYPE "J" (Troplcallsed) 10 line MAGNETO TELEPHONE SWITCHBOARD 
56 line AUTOMATIC PRIVATE TELEPHONE SWITCHBOARD 
Price of each of the above on application. 

PLEASE ADD 
8% VAT 

TEST EQUIPMENT for direct line for ail enquiries regard- ing lest equipment only, phone 01-748 5496. 

3 PHASE AUTO TRANSFORMER, wye input 400V, wye output 241.5/230/218.5v 50c 18kVA. Made by Weslinghouse of USA. Brand new In original cases £66.60 Including UK transport. 

COLOMOR (EU™0*ICS) 
(70 Coldhawk Rd., London, W.I2 

Tel. 01 -743 0899 
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12Watt 

stereo amp 
45p 
p&p 

SPECIAL OFFER 
LIMITED QUANTITY 

6 watt music power each channel 
This excellent little amplif ier is of the latest inte­
grated circuit design, and will work into 4 . 8 or 
16 ohm speakers. The reproduction is excellent 
for an amplifier of this size, only 8" X Jt" X 2" . 
The case is made of chromed metal. 

4 

10 

30 

2 
H63 

4 
H6S 

4 
H66 

4 
H69 

8 

1 N4007 Sil. Rae. diodes, 
1.000 PIV lamp plastic 

Reed Switches 1" long 1-.... dia. 
High speed P.O. rype 

Mixad Diodes. Germ. Gold bonded 
etc. Marked and Unmarkad 

Short lead Transistots. 
NPN Silicon Planar wpes 

Power T ransistOt'S 
Cornp. Pair BD 131/132 

2N3055 Type NPN Sil. power tran­
siStorS. Below spec. de"ices 
40361 Type NPN Sil. transistors 
TO·S can comp. to H66 

40362 Type PNP Sit. ctansistocs 
TO·S can comp. to H65 

Integrated circuits OTL data sup · 
50 p lied. M ixed Types. Flip Flops. p 

Gates. Hex Inverters. etc . 

~Unmarked 
Untested ~aks 

50 

150 

100 

40 

15 

10 

Germanium Tfansistors 
PNP, AF and RF. 

Germanium Diodes 
M in. g lass type 

Sit. Diodos sub. rnin. 
IN914 and IN916 types 

Transistors. manufactt•rers. 
cejects. AF. RF, sil and germ. 

NPN Silicon Trans. 2N3707·1 1 
range. low noise amp. 

PowerTcansistors. PNP. Germ. NPN
50 Silicon T0-3 Can. f> & P 5p extra. p 

3819 N. Channel f ET's plastic 

-

Electronic Transistor 
Ignition £·&.00 ~~"ftl·p ~·· 
Now in ki t form. we offe:r this "up-to·tha -rni,~ulc" 
elccvonic ignit ion system. Simple 10 make. full 
instruct ions supplie<l. with these outstand ing 
features: tral)sistor and conventional switchabilitY. 
bur.glar·proof lock-up and automatic alarm. negative 
and positi~.<c compatibili1'y. 

NewX-Hatch 
Our new, vastty Improved Mark Two Cross-Hatch 
Generator is now available . Essential for 
alignment of colour guns on all TV receivers. 
Featuring plug-in ICs and a moco sensitive sync. pick· 
up circuit. The case is virtually unbreakable- i-deal for 
the engineer's toolbox- an-d only measures 3" X 51-'' 
)( 3". 

~~:.~i~ £9·95 
(includes P & P, but no batteries) 

~~~~80 
We h-ave just rec~tved a Jarge consignment of LM380 
ICs. These are specially selec1ed to a highet grade ~nd 
are markod w ith tM number Sl60745 . 
This fantas tic: little 3watt audio IC only requires two 
cspscitors and two potentiometers to make an amplifier 
w ith votumc and tone control. The quality is good and 
has to be heard to be believed. 

Our very popular 4p Transistors 
FULLY TESTED S. GUARANTEED 

TYPE .. A ., PNP Silicon ailov. T0 -5 can. 
TYPE .. 8 .. PNP Silicon. pta~tic encapsulattOO. 
TYPE .. e·· PNPGermaniurn AF or RF. 
TYPE .. F .. NPN SitiCO•l pl<lStic encapsulation. 
TYPE .. G .. NPN Silicon, similarZiX300 range. 

8RELAYS FDR£1·00 
Various Ti ll-eS 

TV Tu~~r Units 
for 6251ine channels 21 to65 

Brand new by a famous 
manufacturer 

Datasupplied £2·50 

Gain vee PoiP:r'ity 
15 15 NPN 
40 40 NPN 
15 15 PNP 
40 40 PNP 

90 WATT SILICON 

90N t 1S 16 N PN 
40 40 N PN 
t5 1S PN P 
40 40 PNP 

Le.o·a. Comple~e with mounth)g grommet 
Red 25p Green 40p 

INTEGRATED CIRCUITS 
We stock. a l(lrge range of LCs at very competi~ ive 

prices. These are all listed in our FREE Catalogue. see 
coupOl\ bet ow, 

METRICATlON CHARTS now available 
This fantastically detailed conversion calculator carries 
lhous.ends of classified 18fercnces be1ween metric and 
British iand U.S.A.) n\easuramcnts of terygth, area. 
volume. li(Juid measure, weights etc 
Pocket Size 12p. 

LOW COST DUAL IN LINE I .C . SOCKf,TS 

14 pin type at 16p each } 

16 pin tvpe at l?p each Now new low profile type:. 

BOOKS 
We have a large selection o t Reference ac\d T cchnic.al 
Books in stock.. 

BUMPER BUNDLES 
Tncse parcels contain Qll -types of surplus elecuonic 
components, printed panels. switches. potentiomete(S, 
transistors and diodes. etc. 

2 LBS in weight for £1·00 

Fvll of Short l ead Semicor\ductors & E(~ctronie 
Componems, approx. 170. We guarsntee at least 30 
re<:~lly high quality factory marked Transistors PN P 
8t NPN and a host of Diodes & Rectifiers mounted on 
Printed Ctrcuit Panels. Identificat ion Chart .sup~ied 
to give some information on the Transistors. 

Please ask for Pak P.1. only sop 

Pleas.e send r1'1C the FREE Si·Prc· f'ak Catalogue. 
1 enclose tl large SAE w ith 5p stamp. 

MIN IMU M ORDER SOp. CASH WITH ORDER PLEASE: 
Add 15p post and packing per cr<ter. OVERSEAS ADD 
EXTRA FOR POSTAGE. 

.Buy these goods with Access . 
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SUPPLIERS OF SEMI-CONDUCTORS TO THE WORLD 

12 Watt 

stereo amp Only 
p.f! 45p SPECIAL OFFER 
XlU p&p LIMITED QUANTITY 
6 watt music power each channel 
This excellent little amplifier is of the latest inte- 
grated circuit design, and will work into 4, 8 or 
16 ohm speakers. The reproduction is excellent 
for an amplifier of this size, only 8" X X 2". 
The case is made of chromed metal. 

Tested and 

Guaranteed 

Paks 
879 

4 
1N4007 Sil. Rac. diodes. 
1.000 PIV lamp plastic 50p 

B81 
10 

Reed Switches 1" long £'•" dia. 
High speed P.O. type 50p 

H35 
100 

Mixed Diodes. Germ. Gold bonded 
etc. Marked and Unmarked 50p 

H38 
30 

Short lead Transistors. 
NPN Silicon Planar types 50p 

H41 
2 

Power Transistors 
Comp. Pair BD 131/132 50p 

H63 
4 

2N3055 Type NPN Sil. power tran- 
sistors. Below spec, devices 50p 

H65 
4 

•10361 Type NPN Sil. transistors 
TO-5 can comp. to H66 50p 

H6B 
4 

40362 Type PNP Si!, transistors 
TO-5 can comp. to H65 50p 

H69 
8 

Integrated circuits DTL data sup 
plied. Mixed Types, Flip Flops, 
Gates, Hex Inverters, etc. 

50p 

Unmarked 

Untested Paks 

50 
Germanium Transistors 
PNP, AFand RF. 

B66 
150 

Germanium Diodes 
Min. glass type 50D 

B36 
100 

Sil. Diodes sub. min. IN914 and IN916 types 50p 
BBS 

200 
Transistors, manufacturers, 
rejects. AF. RF. sil and germ. 50p 

H26 
40 

NPN Silicon Trans. 2N3707-11 
range, low noise amp. 50p 

H34 
15 

Power Transistors. PNP. Germ. NPN 
Silicon TO-3 Can. P S P 5p extra. 50p 

H67 
10 

3819 N Channel FETs plastic 
case typo 50p 

nea 
10 

Experimenters Pak of Integrated 
Circuits data supplied DTL & 
TTL some marked 

50p 

Make a rev counter 
for your car 
The TACHO BLOCK". This encaosulated block 
an'v O-lmA meter into a linear and accurate 
for any car with nomal coil ignition system 

Telephone dials 

onty 2 5p IE Standard Post OKiee we 
Guara nieco in working otdst 

Electronic Transistor 

Ignition £6.00 
Comptele Kit 
PSPlIp 

Now in kit form, wc offer this "up-lo-tho-minule" 
electronic ignition system. Simple to make, full 
instructions supplied. with these outstanding 
features: transistor and conventional swiichability. 
burglar-proof lock-up and automatic alarm, negative 
and positive compatibility. 

New X-Hatch 
Our new, vastly improved Mark Two Cross-Hatch 
Generator is now available. Essential for 
alignment of colour guns on ail TV receivers. 
Featuring olug-in ICs and a more sensitive sync, pick- 
up circuit. The case is virtually unbreakable—idee1 for 
the engineer's toolbox anO only measures 3" x 5}" 
X 3". 

ST £9-95 £rple,B£7-95 
(includes P&P. but no batteries) 

LM380 
V* AUDIO IC We have just received a large consignment of LM3ao 

ICs. Those are specially selected to a higher grade and 
ate marked with the number SL60745. 
This fantastic little Swatt audio IC only requires two 
capacitors and two potentiometers to make an amplifier 
with volume ana tone control. The quality is good and 
has to be heard to be believed. 
Ourspectal 
price £100 

complele with dsta and projects book 

£1 *00 each 

Over 1,000,000 

Transistors 
in stock We hold a very large range of fully marked, tested and 
guaranteed Transistors, Diodes and Rectifiers at very 
competitive prices. Please send for Free Catalogue. 

Our very popular 4p Transistors 
FULLY TESTED & GUARANTEED 

TYPE "A"' PNP Silicon alloy, TO-5 can. 
TYPE ""B" PNP Silicon, plastic encapsulation. 
TYPE E" PNP Germanium AF or RF. 
TYPE "F" NPN Silicon plastic encapsulation. 
TYPE "G" NPN Silicon, similar ZTX300 range. 

8 RELAYS F0r£1-00 

TV Tuner Units 
for 625 line channels 21 to65 

Brand new by a famous 
manufacturer 

Data supplied £2-50 

Post & 
PaddNJ 
27p 

Plastic Power 

Transistors 

AO WATT SILICON 
Type No. Gain VCE Polanry Pr\cm 
40N1 15 15 NPN 20p 
40N2 40 40 NPN 30p 
40P1 15 15 PNP 2 Op 
40P2 40 40 PNP 30p 
90 WATT SILICON 
90N1 15 15 NPN 25p 
90N2 40 40 NPN 35p 
90P1 15 15 PNP 25p 
90P2 40 40 PNP 35p 

LE.O's. Complete with rr ounting grommet 
Red 25p Green AOp 
INTEGRATED CIRCUITS 
We stock a large rang e of .Cs at very competitiva 
prices. These are all listed in our FREE Catalogue, see 
coupon below. 
METRICATION CHARTS now ■vailable 
This fantastically detailed conversion calculator carries 
thousands of classified references between metric and 
British land U.S.A.) measurements of length, area, 
volume, liquid measure, weights etc 
Pocket Size 12p. Wall Chart 18p. 

LOW COST DUAL IN LINE I.C. SOCKETS 
14 pin type at 1 Bp each 
16 pin type at 17p each 5* Now r r low profile type. 

BOOKS 
We have a large selection of Reference and Technical 
Books in stock. 

BUMPER BUNDLES 
Tnese parcels contain all tyoes of surplus electronic 
components, printed panels, switches, potentiometers, 
transistors and diodes, etc. 

2 LBS in weight for £1 -DO 
Post and Packi.-ig 27p. 

'////////////mmmmiiiiiiiiuimi 

Uur famous PI Pak 
is still leading in value 

Full of Short Lead Semiconductors & Electronic 
Components, approx. 170. We guarantee at least 30 
really high quality factory marked Transistors PNP & NPN and a host of Diodes & Rectifiers mounted on 
Printed Circuit Panels, identification Chart supplied 
to give some information on the Transistors, 

50 Please ask for Pak P.I. only 

PLEASE ADD VAT ATCURRENT RATE 

NAME 

MINIMUM ORDER 50p, CASH WITH ORDER PLEASE: Add 15p post and packing per order. OVERSEAS ADD EXTRA FOR POSTAGE. 
QOOda th Acco Buy th 

bi-pre-pak urn 
Co Keg-No 820919 

Dept. 8. 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX. 
TELEPHONE: SOUTHEND (0702) 46344. 
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G. F. MILWARD I 
ELECTRONIC COMPONENTS 

Wholesale/Retail : I 369 Alum Rock Road, Birmingham 88 3DR. Tel. 021-327 2339 

CAtliN& All INDUSTRIAl BUYERS!! 
We are clad to say that it is now possible to supply from stock the followinc inte&rated circuiu. ALL ARE BRANDED, FULL SPI!CIFICATION devices offered at 
unbeatable prices! This is YOUR chance co cut manufaccurinr com and creatly increase profit marcinsl 

7-400 
1/99 I00/49<J 500/1000 1/99 100f49<J 500/1000 1/99 I00/49<J 500/1000 

£0·1S £0•115 £0·10 7442 £0·645 £0·5375 £0·43 7-49-4 £0·495 £0·4115 £0·» 
7401 £0·15 £0·115 £0·10 7443 £1·175 £1·0615 £0·85 7495 £0·63 £0·515 £0·42 
7402 £0·15 £0·115 i£0·10 7445 £0·855 £0·7115 £0·57 7496 £0·7l £0·60 £0·48 
7403 £0·15 £0·115 £0·10 74-46 . £1·05 £0·875 i£0·70 74104 £0·)15 £0·1615 £0·21 
7404 £0·18 £0·15 i£0·11 7446A £1·05 £0•875 11:0·70 74105 £0·315 £0·1615 £0·11 
7405 1:0·18 1;0•15 £0•11 7447 £1·05 £0·875 i£0·70 74107 £0·315 £0·2615 £0·21 
7406 £0·375 £0<JI15 1;0·15 7447A £1·05 £0·875 £0·70 74121 £0•315 £0·2615 £0·11 
H07 £0•375 £0·3115 £0·25 7448 11:0·855 1:0·7115 £0·57 H ill £0·45 £0·375 £0·30 
7408 10·15 £0·115 £0·10 7450 £0·15 £0·115 £0·10 74113 £0·63 £0·515 £0·42 
7409 £0·15 £0·115 £0•10 7451 £0·15 £0·125 £0·10 74141 £0·75 £0•625 £0•50 
7410 £•015 £0·115 £0·10 7-453 £0·15 £0·115 £0·10 74151 £0·69 £0·575 £0·46 
7412 £0·195 £0·1615 £0•13 7-454 £0·15 £0·125 £0•10 74153 £0·69 £0·575 £0·46 
7413 £0•)45 £0·1875 £0·13 7-460 £0·15 £0·115 £0·10 74155 £0·69 £0·575 £0·46 
7416 £0·345 £0·1875 £0·13 ·747l £0·155 £0·1125 £0·17 74156 £0·69 £0·575 £0·46 
7417 i£0·345 £0 ·2875 £0·13 7473 £0·153 £0·l625 £0·11 74160 £1·005 £0·11375 £0•67 
7-420 £0·15 £0·115 £0·10 747-4 £0·315 £0•2615 £0·11 7-4161 £1·005 £0·11375 £0·67 
7423 £0·17 £0•215 £0·18 7475 £0·465 £0·31175 £0·31 74162 £1·005 £0·11375 i£0·67 
7-flS £0 ·17 £0·215 £0·111 7476 £0·315 £0•l625 £0·11 74163 £1 ·005 £0·8375 £0·67 
7416 £0·17 £0·215 £0·18 7480 £0·435 £0·3615 £0·19 74166 £1·415 £1·1875 £0·95 
7427 1:0·17 £0·215 £0·18 7482 £0·75 £0•625 £0·50 74174 £1·20 £1·00 £0·110 
7430 £0·1$ £0·115 £0•10 7483 £0·815 £0·61175 £0·55 74175 £0·975 £0·8115 £0·65 
7432 £0·25 1;0·215 £0·18 7485 £1·275 £1·0615 £0·115 74192 £1·275 £1·0615 £0·85 
7437 £0·27 £0·215 £0·111 7486 £0·315 £0·2615 £0 ·21 74193 £1·275 £1·0615 £0·85 
7-438 £0·27 £0·215 £0·111 7-490 £0·465 £0·31175 £0•31 74198 £1-10 £1·75 £1·40 
7440 £0·15 £0· 115 £0•10 7492 £0·465 £0·31175 £0·31 7419<J £1· 10 £1•75 £1·40 
7441A £0·1115 £0·61175 £0·55 7493 £0·465 £0·31175 £0•31 

To secure tho above prices, all orders for these devices muse ucoed £25 in total value. Price rat1n1 is estoblishod by TOTAL NUMBER OF DEVICES ORDERED. Any mix 
may be made. For special quototions for lar1o orders rinc 021-3272339 NOW Ill 

HALF PRICE OFFER I • 
Ll MITED PERIOD ON LV! 

KODAK RESIST COATED PRINTED CIRCUIT BOARD 

FIBRE GLASS PAPER 

BOARD -n·-1 01 n"-2 or ,..._, 01 ,..._, oz 

SIZE 
Single Sided Double Sided Single Sided Doublo Sldod SlnoloSid~ Double Sided Single Sided 

' 
Po1ltlve N•oatlve Poaltlve Negative Positive Negative Potltlve Negative Poalllvt Negative Poaltive Nogatlve Positlve Negative 

75mm x100mm 14p 12p 16p 13p 8p 8p 8p 8p 16p 15p 14p 13p 8p . 8p 

100mmx150mm 27p 24p 29p 26p 15p 14p 19p 16p 33p 30p 29p 26p 15p 14p 

150mm x 200mm 53p 48p 56p 51p 30p 27p 37p 30p 66p 60p 60p 54p 30p 27p 

200mm x 250mm 88p 80p 92p 84p 51p 45p 63p 51p £1·10 £1·00 £1.02 92p 51p 45p 

250mm x 250mm £1·10 £1·00 £1·15 £1·05 65p 55p 80p 66p £1·38 £1·25 £1·30 £1·15 65p 55p 

12' X 6 ' 80p 70p 85p 75p 66p 45p 65p 55p £1·00 90p £1·10 £1·00 55p 45p 

12' X 12* £1·60 £1·40 £1·65 £1·45 £1·05 85p £1·25 £1·06 £1·96 £1·76 £2·10 £1·90 £1·05 85p 

EXTRA DISCOUNTS! ORDER 25 SHEETS OF ANY ONE TYPE-DEDUCT 20% 
ORDER 100 SHEETS OF ANY ONE TYPE-DEDUCT 30% 

IF ABOVE SIZES DO NOT MATCH YOUR REQUIREMENTS, ASK FOR QUOTE-CUT TO YOUR SIZE. 

THIS IS AN OFFER THAT YOU CANNOT AFFORD TO MISS/ ACT NOW/ 

REMEMBER I ALL GOODS PLUS 8% V.A.T. 

0. F. MILWARD, 389 Alum Rock Rd., Birmingham B8 3DR. Postage (minimum) per order 25p. 
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6. F. MILWflRDI 

ELECTRONIC COMPONENTS 

369 Alum Rock Road, Birmingham B8 3DR. Tel. 021-327 2339 Wholesale/Retail 

CALLING All INDUSTRIAL BUYERS!! 

We are glad co say chac ic is now possible to supply from stock the following integrated circuits. ALL ARE BRANDED, FULL SPECIFICATION devices offered at 
unbeatable prices! This is YOUR chance to cut manufacturing costs and greatly increase profit margins! 

7400 
1/99 100/499 500/1000 1/99 100/499 500/1000 1/99 100/499 500/1000 

£015 £0-125 £0-10 7442 £0-645 £0-5375 £0 43 7494 £0-495 £0 4125 £0 33 
7401 £015 £0-125 £0-10 7443 £1 -275 £1-0625 £0 85 7495 £0-63 £0 525 £0-42 
7402 £015 £0-125 £0 10 7445 £0 855 £0-7125 £0-57 7496 £0 72 £0-60 £0-48 
7403 £015 £0-125 £0-10 7446 £1 05 £0 875 £0 70 74104 £0-315 £0-2625 £0 21 
7404 £018 £0-15 £0-12 7446A £1-05 £0-875 £0-70 74I0S £0-315 £0-2625 £0-21 
7405 £018 £0-15 £0-12 7447 £1 OS £0-875 £0 70 74107 £0-315 £0-2625 £0 21 
7406 £0-375 £0-3125 £0 25 7447A £1-05 £0-875 £0-70 74121 £0-315 £0 2625 £0-21 
7407 £0 375 £0 3125 £0 25 7448 £0 855 £0 7125 £0 57 74122 £0-45 £0-375 £0-30 
7408 10-15 £0-125 £0-10 7450 £0 15 £0-125 £0 10 74123 £0-63 £0-525 £0-42 
7409 £0-15 £0-125 £0-10 7451 £0-15 £0-125 £0-10 74141 £0-75 £0-625 £0-50 
7410 £-015 £0-125 £0-10 7453 £0-15 £0 125 £0-10 74151 £0 69 £0-575 £0-46 
7412 £0-195 £0-1625 £0-13 7454 £0-15 £0 125 £0-10 74153 £0-69 £0 575 £0-46 
7413 £0 345 £0 2875 £0 23 7460 £0-15 £0-125 £0-10 74155 £0-69 £0-575 £0 46 
7416 £0 345 £0-2875 £0-23 7472 £0-255 £0 2125 £0-17 74156 £0 69 £0-575 £0-46 
7417 £0 345 £0 2875 £0-23 7473 £0 153 £0 2625 £0-21 74160 £1-005 £0 8375 £0-67 
7420 £0-15 £0-125 £0-10 7474 £0-315 £0-2625 £0-21 74161 £1-005 £0-8375 £0-67 
7423 £0-27 £0-225 £0-18 7475 . £0 465 £0-3875 £0 31 74162 £1-005 £0-8375 £0-47 
7425 £0-27 £0 225 £0 18 7476 £0 315 £0-2625 £0-21 74163 £1-005 £0 8375 £0-67 
7426 £0-27 £0-225 £0-18 7480 £0 435 £0 3625 £0 29 74166 £1 425 £1-1875 £0-95 
7427 £0-27 £0 225 £0-18 7482 £0 75 £0 625 £0-50 74174 £1-20 £1-00 £0-80 
7430 £0 15 £0-125 £0-10 7483 £0 825 £0-6875 £0-55 74175 £0-975 £0-8125 £0-65 
7432 £0-25 £0-225 £0-18 7485 £1-275 £1-0625 £0-85 74192 £1 275 £1 0625 £0-85 
7437 £0-27 £0-225 £0-18 7486 £0-315 £0-2625 £0-21 74193 £1-275 £1-0625 £0-85 
7438 £0-27 £0 225 £0-18 7490 £0 465 £0-3875 £0 31 74198 £2-10 £1-75 £1 40 
7440 £0-15 £0-125 £0-10 7492 £0-465 £0-3875 £0-31 74199 £2-10 £1-75 £1-40 
7441A £0-825 £0-6875 £0 55 7493 £0-465 £0-3875 £0-31 

To secure the above prices, all orders for these devices must exceed Q5 in total value. Price rating is established by TOTAL NUMBER OF DEVICES ORDERED. Any mix 
may be made. For special quotations for large orders ring 021-327 2339 NOW I ! ! 

HALF PRICE OFFER! 

LIMITED PERIOD ONLY! 

KODAK RESIST COATED PRINTED CIRCUIT BOARD 

BOARD 
SIZE 

FIBRE GLASS 
• 

PAPER 

iV—i <« h"— 2oz iV'— 01 ft'—1 Ol 

Slnflto Sided Double Sldad Single Sided DoubU Sided Single Sided Doubl Sided Single Sldad 

Positive Negative Positive Nagallve Positive Neflatlve Positive Negative Positive Negative Poaitivo Negative Positive Negative 

75mm x 100mm 14p 12p ISp 13p 8p 8p 8p 8p 16p 15p 14p 13p 8p Bp 

100mm x 150mm 27p 24p 29p 26p 15p 14p 19p 15p 33p 30p 29p 26p 16p 14p 

150mm x 200mm 53p 48p 56p Sip 30p 27p 37p 30p 66p 60p 60p 54p 30p 27p 

200mm x 250mm 88p 80p 92p 84 p 51 p 45 p 63p 51 p £1 -10 £1-00 £1.02 92p 51 p 45 p 

250mm x 250mm £1-10 £1 00 £1-15 £1 05 65p 55p 80p 65p £1-38 £1 25 £1-30 £1 -15 65p 55p 

12" x 6' 80p 70p 85p 75p 55p 45p 65p 55p £1 -00 90p £1 -10 £1 -00 55p 45p 

12' x 12' £1 -60 £1-40 £1-65 £1 -45 £1 -05 85p £1-25 £1-05 £1 -95 £1 -75 £2-10 £1 -90 £1 05 85p 

EXTRA DISCOUNTS! 
ORDER 2S SHEETS OF ANY ONE TYPE- 

ORDER 100 SHEETS OF ANY ONE TYPE- 

IF ABOVE SIZES DO NOT MATCH YOUR REQUIREMENTS. ASK FOR QUOTE—CUT TO YOUR 
THIS IS AN OFFER THAT YOU CANNOT AFFORD TO MISSI ACT NOW! 

DEDUCT 20% 
-DEDUCT 30% 

SIZE. 

REMEMBERI ALL GOODS PLUS 8% V.A.T. 

6. F. MILWARD, 309 Alum Rock Rd., Birmingham B8 SDR. Postage (minimum) per order 25p. 
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JOHN 
CRICHTON 

Electronic Equipment 
558 Kingston Road. 

London. SW20 
Inland VAT 1del ft 

Prk:es shown lru;.tude P 6 P. Olt'ier 
prices g1•df'V on requHt. 

Carriage exua for overseas orders. 
Viewing by appoltttmttnr ,.., •• 

Phone 0 1·1140 9534 

TEST SET FREQUENCY RESPONSf 
CT381 
Cons st1ng of: 5\\'UCP gonoratOt. indica tOt 

response e"'tvo fiot·fac:ed tube long pc• 
&!Sttme.o. Power S\lt)pl-y. Ctlibretot fre.Qutncy 
CT432. frequcmcy rttngo: 1 Okclt-33Mc/& in 
nine difeettv c.elibreted tar\98•· Accuracy t 3% 
of 11'10 ;l'ldict~tod cenue frequency. F.M. dov'a: 
tion: (nQmin.aU. 0 500k~l obove-4Mc/s. 
0 400kc/a Bt 1 .5Mclo-4Mci•. 0 165~cl• •• 
600ke/s- 1. 5MC/• fo11 ng 10 lkc:ts 11 1 Okc/s. 
Output •mpodanco: 75 ohms resistive. Pow&r 
suppl:os: Moins 10Q-120V end 180 250V. 
Frequuncy SO 500<:/e. Con8umpllon 340W 
(nominnl). Prlco £199. Belling Lee 1'Qd1o 
fteq\.lent:y iluerferenco filto• IVI)e Y2005S. 
100 Amos. 400W. 440V. Singlo wav& £15. 

HEWLETT 
PACI<ARD 
1858.1GH• SAMPLING 
OSCILLOSCOPE. 
Hottromal Sweep speeds: 10 ranges. 10 
nse~cm to 10 sec/em. accuracy w lh•n 
±. 5%. Magn,fieation: ? Calibtetc.d ltl"t)Cs 
XI , X2, X5. XIO, X20. XSO and X100. 
Increases rrtaKirnum eel b·atod :~we-ep 
speed to 0.1 n&oc fm: wtth vomior m,futi· 
mum W~ee:tp speed 11 further oxtendod to 
0.04 "~em. lntonslty und a;amphng n 
tensity arc no1 attecte.d by m•Gnil1cation. 
High freq~Jency: II"'C)ut frequency: 50 to 
1000 me tor &\veto apeect. 200mv and 
1000nw· ..- 3"1.. Time; Approx1matety 5s..c 
bu·at of 50 me tif'tw&ve Froqveney 
accur..cy : 2"- In adcff1fon the ~odel 
\858 ptO'II'KhtS 0Utp4.1"l •QI'\bll for X·Y 
recorders and prO'Yidet n"ftlns for con· 
t~lir"g the di:sc&ay either man\l.a ty Of eK 
temoUy. FuU4peo:f~uon on r4K11JUI. 
Price £295. 
430C Microw•ve power ~Milt, £60 
H01~8401A lave'ktr amohriet. 09 
8709A Svl'\et'lro'lizer £120 
87348 Pin modulttor 7 .o-12.4GC. £95 
8732A Pin Modul11or 1.8-4.5 GC. £65 
8431A Bandpns fitter 2 4GC £40 
7970 Olre-ct one I Coupi1H 1 9 4.1 GHl. £30 
8436A B&ndpe•s fihftr 8-12.4GC. £95 
185A 800MH~ Sampl ng osci1lO$Cop&. 
1858 Sampling o8c1Uoacopt 

L30047 CAMBRIDGE UNIVERSAL 
BRIDGE, 
Mcasu(es DC ret'1atance. :il(ll(·uuJuculnce 
rnulual inducu,nce. CI'II')BC:ity nnd tttH1uuncy. 
Full spe(:if:ciJticm on roquoSI. £98. 

Vottmetet V•tvo CT64 (Micovoc.:L w•lh 
m ains power supply f1>owu, iuDpty nul 
avaitab1e separtnety). In strong metal case 
with full opertting lntnnJctions ? 4V-480V 
AC or DC in 6 range$, l ohM to 10 Mcg<>h'H 
in 5 18nQCS. ll'\di~Uid on 4 i"' IC'Ift 
meter. Comploto wi11l probo. £12.50 including 
p. aoo t>- (loada extt•.) 

TEKTRONIX 
NON· PLUG·IN UNIT 
OSCILLOSCOPE. 
51 SA. Dc-15MH1 £160. 
524AO. Dc-10'-!Hr. £100. 
MAIN FRAME OSCI LLOSCOPES: 
543. Dc-.JOMHr. 547. Oc-50'-IHr. 
545. Dc-JOMHr. 545A, Dc-JOMHz. 
5458. Oc-JJMH<. 551. De-27M Hr. 
PLUG-IN UNITS. 
T- lA I.~OmV/CI1\:o 
2(JVIem5mV/em. } Nol lVI• .tboe 
Type 1A2 SOmV/emlo MPI,etetv 
20V/cm. 
Type 8 . 0.005V/cm 10 20V!cm. O.OSV/ 
em to 20V/cm. 
Type CA. O.OSV/cm lo 20V!cm. 
Type 0 . I mV/cm 10 50V/cm. TI'P• G. 
O.OSV!cm lo 20V!cm 

T\'1>0 L. SmV/cm 10 7V/cm. 0.05VIcm 
10 20V/cm . 
Type M. 0.02V/cm 10 10V/em. 
230 DIGITAL UN IT. 
Oigitat rood().J..It paromolors. Pulso empli· 
tude, pulse r iaeume and toUdme, pulso 
width.. time Interval. 
R118.1~NS PIIOOIIA MMABLE 
PULSE GE N ERATOR 
with Delay, 
PASSIVE PROBE P6006 wilh l OX 
t~liO iluation. doilgnu<t for ot ..:llloscopos 
hoving an input roviatunco of I rnogohn1 
and input OJPBC:itancfJ of up to 55pf. 
Price £10. 
PROBE P60GS 10X. 10 mogohm. 
12 .5pf, GOOV D.C. me• . Longlh 6h. 
Price £15. 

MUIRHEAD FR EQUENCY A NALYS ER 
TYPE 0·669·8. 
Frequency range 30c/s--30kc/s. ACCUf8CV 
bettBf th<Jn 1 .S$. tnput voltage 300}JV- 1 OOV 
for full scale deflex'on. Smallest indiCabon 
15JJV. MaXmum input voltage 300V r.m.s. 
moe £96. Full s_pec. on request. 
MUIRHEAD 2-PH. LF. OECADE 
OSCILLATOR - ype 0880. 
Frequency rango 0 .01r:/s-11.2kt:/ s loon-
1in\IOIJ$iy variab!e above 0. 1 cisl. 
V.L.F. O.Otc/s-0. ~cls in s:epS of O.Olc.rs. 
Hourty fteq\lencv stebility. 
R•ngvs X I. X 10. X100 ~ O.OS'lEo } Ahe< 
Range$ XO I • V .l.F ± 0. • • 3 hours-. 
T.F.8010/1/SA.M.SIGNALG£NERATOA. 
Freq. range: ,0 MHz to 4-8.5 MHz. Bt.tifHrt 
crystal calfc.rator. rmerr:aJ ar.d ~xtCr"tal sioc 
a.m. E.xtema pu.se modulation. Calibration 
Accuracy: Usirtg etyStaJ caTibnnor. within 
+0.2% over entire frequency range. R.F. out­
out level 0. hN to lV source e.m.f. £249. 
0A.1094A/3 H.F. SPECTRUM ANALYS ER 
w;th L.F. extensfon unit 1ype TM6448. 
J:,.eQ. r"ngc 100 H1 to 30 MHz. Measures 
rolative amplituda~ up to 60 dB. Spccuum 
width 0·30 KHz. Sweep duration: 0· 1. 0·3. 1. 
3, 10. 30 sec. and manuaL Full spec on 
raquest. £695. 
OA.1094A/S H .F. SPECTRUM ANALY· 
SER. f-feq. tonge: 3 MHz to 30 MHz. in nine 
swps, spoclrum -.vidth 0 to 30 KHz. Sweep 
distortion : 0 ·1. 0·3. 1, 3 . 10. 30 sees and 
manual Fun ~uc. or~ rCQvcst. £445. 
T .111 ROBANO T RANSISTORIZED 
SUPPLY. Main•6 inptlt 110Vor230V. output 
o-sov at 5 Amperes cent. va,iablc. ovcrtobd 
CUI Out. £49. 
REMSCOPE $01{740 STORAGE 
OSCILLOSCOPE. 
Fluorosccncc : YcUcw. tesoh.nion: 40 line-S/ctn 
E.H.T.: 8kV. disploy time .. 10 mins.-1 ht 
appro)(., $to rage time : 1 '.\'eek approx. £128. 
CD 1212 WIDE-BAND GENERAL· 
PURPOSE OSCILLOSCOPE. 
EmpJoying plug-in puHlmptificts for single or 
dua• trac;e di$p'ays. 
Wide-band pre-arr.pJifier CX 1251. Bandwidth: 
DC - 40Mets C 3dB 1dBJ: 2.5c/ $-40Mc/s 
AC oo~o~oled I 308 !: ldSI . R'setime8.nano-­
sec aoprox. Ser1sitivhy: 50mV/cm--SOV/cm in 
nine ~libra ted ranges with 5na gl!:.n COt'\lTOI. 
Dual tr&ce pre-amplifier CX 1252. B:mdwidth: 
DC -24 .... cs I 3d8 c: ldBI AC <<M~ed. Rise 
tin~o: 14 narosec approx. ScMitivilY: SOmV/ 
cm-SOV/cm in n.r:e caliorated rdnge$ Wltk 
lil'le gain conuol. Full s pec.ffi:catiOf' on 
'Cquest. £128. 

T.F.801 8/3/S A.M. SIGNAL GENERATOR. 
ftcq. range: l2 MHl toJ185 Mril in five bands. 
Suitt· i.n crystal callbrator. F.Jtl spec. oP 
reat~est. £220. 
CT. 3·73 TEST SET. Oscillator. 17c/s­
t70kc.ts .!_1%. £_ 1c/s at amb·ent te~p. 
0"C-45 ..... C. Distorti-On Metar: Froq range: 
20c/s to 20k.to:'s. dJS:tOfll(H"J range · 10%. 30%. 
1 ClO% f .s d. 0.5~ readable. S ignal I!'IPut 
appi'OX SOOmV to 130V basi-c range. 250mV 
to 1300V £tl(trcmc limits. Full spec. on 
request. £98. 

AVO MODEL 3 VALVE TESTER. Enables 
comprehe(lsive characterist i:::s to be plouetl 
or measures valves on a simple good/bad 
busis. tss. 

AVO CT HiO VALVE T ESTE R. As above 
but in pOl table vatise fo1rn. £65. 
Viewing by appointment only_ 

Tl NS I.EY TYPE 4363E AUTO VERNIER 
POTENTIOMETER. 
PYE Pr(IC s·ofl vernier potentiometer '7568. 
t._.v to 1.90100V in 1wo ranges. Accuracy 
0.002%. 
OIE·CUT FOIL STRAIN GAUGES by 
DEN TONICS TYPE M234C13L Resistance 
in ohms 350 l 5. Gauoe factor 2.1 3- 1%. 
Max Temo 350°F (173°C}. Price £2 per 
pod<OI (51. 

TF.937 F.M/A.M. SIGNAL GENERATOR. 
FreQ. range 8-5 KHz to 30 MHz. The earrier 
fr-eq. can be stand3rrlized agalnst e boih-in 
dua free;. crystal calibrator which iscornpteta 
with miniature loudsoeakcr as .an aor'3J boat 
detector. £87. 

TF.114H/ S SIGNAL GENERATOR. Fre­
quency range: 10 KHt 72 MHz. Stability 
0.002". Htgh dJscrrminatJOn. plus erystat 
calibr-ator. Good r.f. waveform at all fre­
quencies. Protected thenrocouple ever moni­
tor. Full spc.c. OJ') request. £220. 

TEST SET O£VIATION FM No 2. The 
carrier frequency range ex-tends from 2 .5\ie/S 
to lOMc/s and from 20Mc/ s to 100Mc/s in a 
total Of eight bands: the deviation ranges are 
0 to 5kc/ s . 0 to 25kc/s ond 0 to 7~c/s. £48. 

~ni~oa5~d:':~~t ~s':,;'~~ 
in 1he lower half; comple1e 
before springing cover into 
place four Poztdrives. two 
to hingo et. two to faS1en it. 
Carries four P.C. boards 
horizonlally, or two ver· 
tic ally: four required for 
each ease l for one verlical 
board. 1wo each easel Prices 
correc1 Nov. 74 

BRAORAO DRIWNG & OEBURRING 
TOOl equals eleven drills. One cut 
dr:us and deburrs the norma 
run of steels. aluminium. brass. 
copper and aiiiYpes of plastics. 

c:~~~~~·rd fi~~~~~S:ho ~~~d n~~:. 
it is designe<l to overcome nil the 
problems associated with drilling 
lhin malcrials-it dnlls Interlock· 
ing holos for instance. 
-j." 2 ~ ~· in ~ '' steps or 6-?6mm 
In 3mm steps Both wuh t" 
shanks £10.56. Also 1t''-2 ·• 
and 36-60mm £27.37. 
All pnces include P. & P. and 
8%VAT. 

AMTRON VENTilATED 
METAL CASES 

a65 

1 off 
S1 100X 50X 50mm £0.96 
52 100X100X50mm £1.09 
53 100X150x50mm £1 .23 
S4 125X 50X75mm £1.37 
55 125x 100x75mm £1.56 
56 125X 150X75mm £1.84 
57 125X200X75mm • £2.05 
much fess for quantity. Prices include P. & P .. 8%VAT. 
four feet and lour plated screws. Special feel to carty 
Printed Circuit Boards sold separately. Price, incl. 8% 
VAT. 25pforfour PC feet. 

M£TAL PUNCH 

Q. MAX PUNCHES 

:· £1.16 
+" orf"' £1.36 
r or~ " £1 .44 

1*. 1-!11 1-}" 
£1.84 

11-" £2.16 

Prices correct Nov. 74 

AOH 
The Adel cu 1s hofes of 
virtually any shape and srze 
starting from a ~· hote. cut 
ling clean like a punch and die. 
Ideal for notching clearances 
on flanges of cabinets or 
chassis. £6.64. 

A lightweight case w ith perfora!ed 
sides ond top. The front panel is of 
heavy·oaupe anodised ali. The top. 
bottom. srdes and back interlock. 
secured by screws. Tho front frame 
is a moulding. Prices include feet. 
lilt 8% VAT and P. & P. Less for 
quamiiY. Prices correc1 Nov. 7 4. 

Height Length Depth 1 off 
120mm 284mm 138mm 00/3009·00 £6.44 
120mm 224mm 138mm 00/3009· 10 £5.67 
120mm 284mm 188mm 00/3009-20 £7.16 

;~~~~iiVc"o~~~h~fc~!Tts.,rn;;:>~~: ~~~~~~~(~~~~:. 48 shapes. 
Low cost. Blue PVC/steel with whi te PVC-coated aluminium panels. 

Width Height Depth 1 off Width Height Depth 1 off 
A 4.5'' 3" 6.5'' £3.88 M 4.5" 3" 13" £4.77 
B 4.5" 7" 6.5" £4 .77 N 4 .5" 7" 13" £5.84 
c 4.5" 10" 6.5" £5.28 0 4 .5" 10" 13" £7.41 
0 9" 3'' 6.5" £5.28 p 9" 3" 13" £5.84 
E 9" 7" 6.5" £5.84 Q 9" 7" 13" £7.41 
F 9" 1 0" 6.5" £6.73 R 9" 10" 13" £9.06 
G 13" 3" 6.5" £5.84 S 13" 3" 13" £7.41 
H 13" 7 6.5" £6.73 T 13" 7" 13" £9.06 
I 13" 10" 6.5" £7.41 U 13" 10 '' 13" £10.9 8 
J 18" 3" 6.5" £6 .73 v 18" 3" 13" £9.06 
K 18" 7" 6.5" £9.0 6 W 18" 7" 13" £10.9 8 
L 18" 10" 6.5" £10.98 X 18" 10" 13" £13.12 

Woodgrain: D @ £5.84: E & G@ £6.73 ; H@ £7.41 
Prices ineludeserewsw. rubber feeEl. one Osr1WOTehassis ae<:Hordingy10 sizeD, P.& P .• Eatld8%VATcm 

Prices correct 
Nov. 1974. 

fJ:ST N~~~EV~~~:~~~ ~t\1"'0': ~~Nl~%-H~£ N~~"J£iJE M}~l:/~~;2~~ 
WW-034 FOR FURTHER DETAILS 

Wireless World. December 1974 

JOHN 
CRICHTON 
Electronic Equipment 
558 Kingston Road, 

London, SW20 
Inland VAT add 8% 

Prices shown include P S P. other prices gladly on request. 
Carriage extra fo' overseas orders. 

Viewing by appointment please. 
Phone 01-540 9534 

TEST SET FREQUENCY RESPONSE 
CT3ai 
Conssting of: sweep generator, indicator 
response curve, far-faced rube long per 
sistancc. Power supply. Calibrator frenucncy 
Cr432. Frequency range; l0kc/s-33Mc's in 
nine directly calibrated ranges. Accuracy ± 3% 
of the indicated centre frequency. F.M. devia 
tion: (nominal!. 0 -500kc/s above—4Mc.'s. 
0 400kc/s at 1.5Mc/s—4Mc/s. 0 165kc/3 at 600kc/s— 1.5Mc/s. falling to 3kcs at 1 Okc/s. 
Output impedance: 75 ohms resistive. Power suppkes; Mains 100-120V and 180 250V. 
Frequency 50 500cs. Consumption 340VV 
(nominal!. Price £195. Belling Lee radio frequency interference filter type Y2C05S. 
1 00 Amps. 400W. 440V. Single wave €15. 

HEWLETT 
PACKARD 
1858. 1GHz SAMPLING 
OSCILLOSCOPE. 
Horizontal Sweep speeds: 10 ranges, 10 
nsee'em to 10 sec/cm. accuracy within 
15%. Magnification; 7 calibrated ranges 
XI, X2. X5. X10. X20, X50 and X100. 
increases maximum calibrated sweep 
speed to O.i nsec/'sm: with vernier maxi- 
mum sweep speed is further extended to 
0.04 nsec/crn. intensity and sampling m 
tensilv ere not affected by magnification. High frequency: Input frequenevi 50 to 
1000 mo for sweep speeds 200mv and 
lOOOmv; ^3%. Time; Approximately 5 sec 
bu-sr of 50 mc sinewave Frequency 
accuracy r2%. In addition the Modal t858 provides output signals for X-Y 
recorders and orovides means for con- 
rroilirg the disolay either manually or ex- 
ternally. Full specification on request. Price £295. 
430C Microwave power meter. £60 
HOI -8401A Leveiler amplifier. £39 
8709A Synchronizer £120 
8734B =>10 modulator 7.0-i2.4GC. £95 
8732A Pin Modulator 1.8-4.5 GC. £65 8431A Bandpass filter 2 4GC. £40 
797D Directional Coupler 1.9 -4.1 GHz.£30 
8436A Bandpass filter 8-12.4GC. £95 
1B5A eOOMHz Sampling oscilloscope. 
185B Sampling oscilloscope 

L30047 CAMBRIDGE UNIVERSAL 
BRIDGE. 
Measures DC resistance, sell inductance 
mutual inductance, capacity and frequency. 
Full specification on request. £95 
Voltmeter Valve CT54 (Micovacf. with 
mains power supply Ipowor sucpiy not 
available separately}. In strong metal case with full operating instructions 2.4V-480V 
AC or DC in 6 ranges. 1 ohm 10 10 Megohm 
in 5 ranges. Indicated on 4 in. scale 
meter. Complete with probe. £12.50 including 
p. and p. (Leads extra.) 

TEKTRONIX 
NON PLUQ-IN UNIT 
OSCILLOSCOPE. 
51 5A. DC-ISMHz. £150. 
524AD, DC-10MHz. £100. 
MAIN FRAME OSCILLOSCOPES: 
543. DC—30MHz. 5r17. DC-50MHz. 
5*15. DC-30MH7. 545A. DC-SOMHz. 6453. DC—33MHz, 551. DC-27MH7. 
PLUG-IN UNITS. 
Type 1A 1.50mV/cm to 
20V/cm5mVom. I Not available 
Type 1 A2.50itiV'cmto > separately. 20V/cm. 
Type B 0.005V/cm to 20V/cm. 0.05V/ 
cm to 20V/cm. 
Type CA. 0.05V/cm to 20V/cm. 
Type D. ImV/cm to 50V/cm. Type G. 
0.05V/cm to 20V,'cm. 

Type L, 5mV/cm to 2V/cm. 0.05V/cm 
to 20V/cm. 
Type M. 0.02V/cm to lOV/cm. 
230 DIGITAL UNIT. 
Digital readout parameters. Pulse amcli- 
tude. pulse nsetima and falltime, pulse 
width, time interval, R116. 10-NS PROGRAMMABLE 
PULSE GENERATOR 
with Delay. 
PASSIVE PROBE P6006 with 10X 
auenualion, designed for oscilloscopes 
having an input resistance of 1 megohm 
and input capacitance of up to 55pf. 
Price £10. PROBE P6085 10X. 10 magohm. 
12.5pf. 500V D.C. max. Length 6tr. 
Price £15. 

MUIRHEAD FREQUENCY ANALYSER 
TYPE D-669-B. 
Frequency range 30c/s 30kc/£. Accuracy betlar than 1.5%. Input voltage SOOuV-lOOV 
for full scale deflexion. Smallest indication 
15pV. Maximum input voltage 300V r.m.s. 
^rice £95. Full spec, on request. 
MUIRHEAD 2-PH. L.F. DECADE 
OSCILLATOR'yoe D880. 
Frequency range 0.01c/s-11.2kc/s Icon- 
tinuousiy variable above 0.1 c'sl, 
V.L.F. 0,01c/s-0.1ws in naps of O.Olc/s, Hourly frequency stability. 
Ranges XI, XI0. XI00 _0.05% i Afte- 
Ranges XO 1. V.L.F. ±0.1 "f 3 hours. 
T.F.801D/1/S A.M. SIGNAL GENERATOR. 
Freq. range: 10 MHz to 485 MHz. Built-in 
crystal calibrator. Internal and external sine 
a.m. External pulse modulation. Calibration 
Accuracy: Using crystal calibrator, within 
--0.2% over entire frequency range. R.F. out 
out level 0 IpV to IV source e.m.f. £249. 
OA.1094A/3 H-F. SPECTRUM ANALYSER 
With L.F. extensfor unit type TM644S. 
Freq. range 100 Hz to 30 MHz. Measures 
relative amplitudes up to 60 dB. Spectrum 
width 0-30 KHz. Sweep duration: 0-1. 0-3, 1. 
3, 10. 30 sec. and manual. Full spec on request. £695. 
OA.1094A/S H.F. SPECTRUM ANALY- 
SER, Freq. range 3 MHz to 30 MHz in nina 
steps spectrum width 0 to 30 KHz. Sweep 
distortion: 01. 0-3, 1 3. 10. 30 sees and 
manual Full spue, on request. £445. 
T.lll ROBANO TRANSISTORIZED 
SUPPLY. Mains input HOV oi 230V. output 
0-5CV at 5 Amperes cont. variable, overload 
cut out. £49. 
REMSCOPE S01/740 STORAGE 
OSCILLOSCOPE. 
Fluorescence; Yellow resolution: 40 lines/cm 
E.H.T.: 8kV. display lime: 10 mins-1 hr 
apptox.. storage time: 1 week apprcx. £128. 
CD 1212 WIDE BAND GENERAL- 
PURPOSE OSCILLOSCOPE. 
Employing plug-in pre-ampiiliurs (or single or 
dual trace displays. 
Wide-band pre-amplifier CX 1251. Bandwidth: 
DC -40MC/S ( 3dB l 1d8l: 2.5c/s-40Mc/s 
AC coupled i 3cB - IdB! Rise time 8 nano- 
sec aoprox. Sensitivity; 50mV/cm 50V/cm in 
nine calibrated ranges with fine gain control. 
Dual trace pre-amplifier CX 1252. Bandwidth: 
DC -24Mc/s I 3d8 ± IdBJ AC coupled. Rise 
tin^e: 14 nanoscc approx. Sensitivity: 50mV/ 
cm-50V/cm in nine caliorated ranges with fine gain control. Full spacificatior on 
-cquest. £128. 
T.F.8018/a'S A.M. SIGNAL GENERATOR. 
Freq. range: 12 MHz to 405 MHz in five bands 
Built-in crystal calibrator. Full spec, on 
request £220. 
CT. 373 TEST SET. Oscillato' TTc/s- 
170kc/s 11%. lie's at ambient temp. 
0,;C—45'C. Distortion Meter; Freq range: 20c,a to 20kc/s. distortion -anye 10%. 30%. 
100% f.s.d. 0.5% readabla. Signal Input: 
appro* 50CmV to tSOV basic range 250mV 
to T300V extreme limits. Full spec, on rspues!. £98. 
AVO MODEL 3 VALVE TESTER. Enables 
comprehensive characteristics to be plotted 
or measures va ves on a simple good/bad 
basis. £55. 
AVO CT 160 VALVE TESTER. As abeve 
but in portable valise form. £65. 
Viewing by appointment only 
TINSLEV TYPE 4363E AUTO VERNIER 
POTENTIOMETER. 
PYE Precis on vernier potentiometer 7568. 
IpV to 1.S0100V in two 'anges. Accuracy 
0.002%. 
DIE-CUT FOIL STRAIN GAUGES by 
DENTONICS TYPE M234C13L Resistance 
in ohms 350i 5. Gauge factor 2.13-1%. 
Max Temp 3500F (1730C;'. Price £2 per 
packet 1.51. 
TF.937 F.M./A.M. SIGNAL GENERATOR, 
Freq. range 85 KHz to 30 MHz. The carrier freq. can be standardized against a built-in 
dua freq. crystal calibrator which iscomplete 
with miniature loudspeaker as an aural boat 
detectoi £87. 
TF.114H/S SIGNAL GENERATOR- Fre- 
quency range; 10 KHz 72 MHz, Stability 
0.002%. High discrimination, plus crystal 
caiibrator. Good r.f. waveform at all fre- 
quencies. Protected thermocouple 'evei moni- 
to'. Full spec, on request. £220. 
TEST SET DEVIATION FM No 2. The 
carrier frequency range extends from 2.5Mc/s 
to lOMc.'s and from 20Mc/s to lOOMc/s in a 
total of eight bands: the deviation ranges are 
0 to 5kc/s, 0 to 25kc/s and C to 75kc/s. £48. 

RACAL UNIVERSAL COUNTER/ TIMER SA5S0 {CT488] 8 digit in- line read-cut. Facilities include: dir- rcct frequency measurement up to "00 MHz: pulsc. puriod. ratio, time interval and totalising measure- ments. inpulsensitivity variable from 300MV to 9V. ihrae independent inputs self check etc, Full spec, or request. £145, 
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mmos 
miniature cases 

in easy-to-work blue and 
white PVC/sieel. Assemble 
in the lower half; complete 
before springing cover into 
olace four Pozidrives, two 
(O hinge It, two to fasten it. 
Carries four P.C, boards 
horizontally, or two ver- 
tically: four required for 
each case Ifor one vertical 
board, two each easel Prices 
correct Nov. 74 

1 off 
SI 100 X 50 X 50mm £0.96 
S2 100 X 100 x50mm £1.09 
S3 100X 150 X 50mm £1.23 
S4 125X 50X75mm £1.37 
S5 125X 100x 75mm £1.56 
S6 125xl50X75mm £1.84 
S7 125x200x75mrn . £2.05 
much less for quantity. Prices include P. & P.. 8% VAT. 
four feet and four plated screws. Special feet to carry 
Printed Circuit Boards sold seoarately. Price, incl. 8% 
VAT. 25d for four PC feet. 

S 
CAR TING CASE 

is an engineer s carrying case with a unique "do-il-yourseif" 
foam susponsion system to 
carry delicate equipment safely. 
Very smart in moulded ABS "Royalite" and with a strong 
aluminium frame. The tour 
types cover most presentation, 
display and service applica- 
tions. 

Type 1. Pre-cut 4" sq. foam in base and pocket for manuals, etc., in lid. 5" X i2" X 16''£10.96. 
Type 2. A and B. Red faced foam in base and lid. centre 

area of which is pre-cut at intervals. Size 
A: B'-'X 12" XI6" £11.17. Size B; 6" X 1 3" X 19" 
£11.98. 

Type 3. Uncut foam in base and egg crate foam in lid. 
which grips shallower objects (PC boards, 
eggs, etc.) 4" X 12" X 16" £11.17. 
Less for quantities. Prices include P. & P. and 
8% VAT. Prices correct Nov. 74 

BRADRAD 
DRILLING AND 

OEBURRING 
TOOL 4 

0 MAX 
METAL PUNCH 

ADEL 

I 

Q MAX PUNCHES 
NIBBL NG TOO! 

BRADRAD DRILLING & DEBURRING 
TOOL equals eleven drills. One cut 
drills and deburrs the normal run of steels, aluminium, brass, 
cooper and all types of plastics, 
perspex. fibreglass, etc., and 
hardboard. Should the need arise, 
it is designed to overcome all the 
problems associated with drilling 
thin materials—it drills interlock- 
ing holes for instance. 
A" 2J" in J " steps or 6—36mm 
in 3mm steps. Both with V' 
shanks £10.56. Also 1 
and 36-60mm £27.37 
All prices include P. & P. and 
8% VAT. 

£1.16 
ori' £1.36 

£1.4A 

£1.84 
£2.16 

Prices correct Nov. 74 

ADEL 
The Adel cuts holes of 
virtually any shape and size 
starling from a hole, cut 
ting clean like a punch and die. 
Ideal for notching clearances 
on flanges of cabinets or 
chassis. £6.64. 

AMTRaN 
VENTILATED 
METAL 
CASES 

AMTRON VENTILATED 
METAL CASES 
A lightweight case with perforated 
sides and lop. The front panel is of 
heavy-gauge anodised ali. The top. 
bottom, sides and back interlock, 
secured by screws. The front frame 
is a moulding. Prices include feet, 
till. 8% VAT and P. & P. Less for 
quantity. Prices correct Nov. 74. 

Height Lengtn 
120mm 284mm 
120mm 224mm 
120mm 284mm 

Depth 1 off 
138mm 00/3009-00 £6.44 
138mm 00/3009 10 £5.67 
188mm 00/3009-20 £7.16 

c o FM 

2 
The design of these cases permits the instrument 
to be built or serviced within their external panels. 48 shapes. 
Low cost. Blue PVC/steel with white PVC-coated aluminium panels. 

Width Height Depth 1 off Width Height Depth 1 off 
A 4.5" 3" 6.5" £3.88 M 4.5" 3" 13" £4.77 B 4.5" 7- 6.5" £4.77 N 4.5" 1" 13" £5.84 
C 4.5" 10" 6.5" £5.28 0 4.5" 10" 13" £7.41 D 9" 3" 6.5" £5.28 P 9" 3" 13" £5.84 E 9" 7" 6.5" £5.84 0. 9" 7" IS" £7.41 
F 9" 10" 6.5" £6.73 R 9" 10" 13" £9.06 G 13" 3" 6.5" £5.84 S 13" 3" 13" £7.41 H 13" 7 6.5" £6.73 T 13" 7" 13" £9.06 1 13" 10" 6.5" £7.41 U 13" 10" 13" £10.98 
J 18" 3" 6.5" £6.73 V 18" 3" 13" £9.06 K 18" 1" 6.5" £9.06 W 18" 7" 13" £10.98 L 18" 10" 6.5" £10.98 X 18" 10" 13" £13.12 

Woodgrain: D (3; £5.84: E & G @ £6.73; H @ £7.41 
Prices include screws, rubber leet, one or two chassis according to size, P. S P., and B-MAT.^ 

Prices correct 
Nov. 1974. 

WEST HYDE DEVELOPMENTS Ltd, Rysfidd Crcs.. Noithwood Hilts. Northwood. Midilx HA6 INN 
Tel: Northwood 24941/26732 WRITE OR PHONE FOR NEW FREE CATALOGUE Telex; 923231 

ws, rubber feel, one or two chassis according to size, P. S P., and 8% VAT. 
WEST HYDE f© 
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BUILD THIS EXCITING PROJECT 
AN AUDIO ANALYZER 

IN LESS THAN 2 HOURS 
ONLY £27 p.p. 75p. 

YOU CAN BE EXAMINING GENERATORS. FILTERS. ETC .. ON YOUR 
GENERAL PURPOSE OSCILLOSCOPE. 
SENSITIVITY 100 MV. FREQUENCY RANGE 100HZ to 50 KHZ. REQUIRES 
24V DC 150MA POWER SUPPLY. 
COMPRISES OF : FHACHI VCO FX11; RAMP FX21; FILTER FX3 1; A FIBRE 
GLASS PC BOARD ALREADY DRILLED FOR MOUNTING ALL NECESSARY 

Wireless Wodd, December 1974 

COMPONENTS. 1KHZ SIGNAL t:R 1:£ On all orders received before December 31st 1974 all additional components you need (excluding P.U.) to complete the PROJECT. r• c;, This device is not cased or calibrated. · 

FHACHI VCO MODULE FX11 FHACHI RAMP MODULE FX21 
Size 2 X 1 t X f"H. Input 12V to 24V DC (not centre tapped) 18V input 
giving 1 OV constant amplitude output. Requires only a 1 meg ohm 
potentiometer to tune entire range-or can be swept wi th a saw tooth 
input. Enormous possibil ities : music; synthesizers; filters; communications: 
f requency modulation, etc. Detailed application sheet with all purchases. 
Price £5.75 P. & P. 15p. 

24 Volt DC input for 18 volt saw tooth output . Requires only external 
capacitor and 1 OOK ohm potentiometer to control frequency range 
up to 1OOKHZ (eg 50 mfd electrolytic gives sweep of approx 1 em 
per second). In or out sync capability. Price £5.75. P. & P. 15p. 

MARCONI TF 10418 Vacuum Tube FREE WITH EVERY COMPLIMENTARY 2N5879 
Voltmeter £35 ea. 
MARCONI TF428C Valve voltmeter 100mVto PAIR PURCHASED POWER TRANSISTORS 
150VAC: 20Hz to 150 MHZ: DC40mVto300V OPERATIONALAMP EACH RATED AT 160WATTS. AND 
£8ea. 

~~~c~~15b~~~ {'g~~H~i~i:~~t~de~~t:u~~o~ '-:-::---:-TY_P-:-E-:7-:0_9-:--:-:-:-----::--£2_._570:--=p~r_.-:::-p7a-::i-:-r7• -:P:-&~P:--1_0.;.P_·:----:--:2:--N_5_8~8-=--1---I 
modulation monitoring. £:7 ea. . Hewlett Packard Microwave Power Meter RACAL RA17 assemblies with film scale £60ea. 
MARCONI TF912A Power Meter 5 to 25 Watts. 430C complete with BolometEn £45. INFRA RED INDUSTRIES USA Tunable 
Freq. range 80 to 160m Hz. £20. Hewlett Packard Power Meter 431 B £85. Microvolt meter type 601 05. 
MARCONI TF801A/1 Signal Generator 10 to Hewlett Packard Valve vol tmeter 19" rack AC or T ELONIC SWEEP GENERATOR 1 00-250mHz 
31Om Hz £55 ea. DC 1 mV to 300V dB scale. £20. 4 Watts output £130. 
MARCONI TF91D/3R Carrier Deviation AIRMEC OHM METER 861 £25. PROSSER SCIENTIFIC INSTRUMENTS 
Meter £100. EMI WM8 Oscilloscope Plug-in units. New £25. Model A1 00 Waveform Generator Multi wave-
MARCONI TF191B Carrier Deviation Meter WM16 Plug-in units type 7/1 Single Trace 40 forms £185. 
£30. mHz £20; 7/2 Dual Trace 24mHz £35; 7/6 High POLARAD Spectrum Analyzer TSA 10mHz to 
MARCONI TF34/2 FM Deviation Meter Gain Differential £30. 44gHz £325. 
£40. DAWE 10mc/s Digital Frequency Meter. As FENLOW LOW FREQUENCY ANALVZER 
MARCONI TF142E Distortion Meter £20. new. £25. ·type SA2 wi th recorder £175. 
MARCONI TF886A Q Meter £15. DAWE Digital Voltmeter type 652A. 4 digit up ROHDE & SCHWARZ UHF Slotted Line Type 
MARCONI TF142F Distortion Factor Meter to lOOOV DC £20.· LMD 300-3000mHz £45. 
£35. DAWE Digital Printer type 3094A asnew£40.ea. ROHDE & SCHWARZ Field Strength Meter 
MARC-()NI TF791C Carrier Deviation Meter E.H. Pulse Generator Model 123 20m Hz 20 BN 15031. 9Q-470mHz £60. 
£65. nansecs width. £60. ROHDE & SCHWARZ VHF Test Receiver 280-
MARCONI TF455E Wave Analyzer £60. GRESHAM LION Waveform Generator 625 950mHz USVD-BN 1523 £120. 
MARCONI TF868B Universal Bridge £95. line staircase £45. ROHDE & SCHWARZ Admittance Met er 
MARCONI TF995A/5 AM/ FM Generator £295. GRESHAM LION Composite Waveform Genera· VLUK-BN3511. As new £175. 
MARCONI TF1020A RF Power Meter 150 and tor Multi standard Sync/Square/Pulse/Bar. £45. EDDYSTONE RECEIVER 770A £140. 
300Watts.Asnew.£90ea. WESTON THERMOPROBE -60 to + 100 BRANDENBURG Power Unit S0530/8. 10KV 
MARCONI TF1020A RF Power Meter 50 and degree Centigrade. £100. £40. 
100 Watts. As new. £65 ea. WANDEL & GOLTERMANN Distortion Meter ' BRANDENBURG Power Unit S0530/1 0 20KV 
MARCONI TF1094A/S. HF Spectrum Analyzer. VZM 1 For differential gain and differential phase 00. 
Late model £375. distortion of the colour subcarrier £120. AIRMEC Modulation Meter type 21 0 05. 
MARCONI TF1371 Wideband Millivolt meter WANDEL & GOLTERMANN TFEK41. FREQUENCY METERS TS 174 20-250mHz 
£25. Level meter 4-600kHz 00. £30; TS175 85 -1 OOOmHz £35. 
MARCONI TF1434/2 Counter Range extension MUIRHEAD 0880A 2 Phase LF Oscillator £35. SOLARTRON Transistor P.U. type AS758.2 
unit 10- 100mHz £30. MUIRHEAD D890A Decade Oscillator £45. 0-30V in o. 1V steps o-1 0 amps £30. · 
MARCONI TF1102 Amplitude Modulator PHILIPS GM6020 AC/DC Valve Voltmeter SOLARTRON Precision AC Mill ivoltmeter 
Carrier inputs up to 500mHz £20. 0.1 mV to 1000V. £25. VF252. L5mV full scale £30. 
MARCONI TF1073 Variable attenuator 0 to PHILIPS GM6014 AC Valve voltmeter 1OOOHz SOLARTRON Resolved Component Indicator 
1 OOdB in 1 dB steps. 75ohm DC to 150m Hz £1 Oea. to 30mHz £30. VP250. 20c/s-20 kc/s. £30. 
AVO TRANSISTOR ANALVZER CT446. £35. PHILIPS GM6012 Valve voltmeter 1 mV to SOLARTRON Multi purpose stab P.U. type 
UNITED SYSTEM CORPORATION Digital 300V: 2Hz to 1 mHz. £20. 1904. Standard mains input. Outputs: +250V 
Voltmeter. Digitec. 100mV full scale. Small com· SINGLE SIDE BAND CONVERTOR CV157/ DC 200MA; + 18V DC 2A: +6V DC 8A; - 3 .5V 
pact transistorized unit. 240Vmains.4digit. £15ea. URR. 19" rack mount for use with Collins 390 DC 100MA: -6V DC 8A; - 18V DC 4A: 25V AC 
KELVIN & HUGHES Singi'e Channel Receiver. Complete with box of spares £120 ea. 150M A. All DC lines will withstand short 
Recorders with spare paper. £20 ea. HEADWAY RESEARCH Photoresist Spinner circuits to earth. W ith copy of manual £35 ea. 
WAYNE KERR VHF Admittance Bridge and Speed Control £100. AMERICAN GENERATOR TYPE TRM3. 
9801 £15; 6901 £20. DUAL TRACE PLUG-IN units for CD1212 AM/FM Sweep 15-400mHz. Built in display, 
WAYNE KERR Bridge Detector R161. £30. Scopes D~24mHz £35 ea. markers etc. Full info on request. Brand new. 

r---------------~--------------------~-----------------------------, £250ea. 
TELEPHONES TEKTRONIXPulseGeneratortype 161£10. 

TEKTRONIX Pulse Generator type 163 £10. 
STANDARD 300 
Series. BLACK 

MODERN STYLE 706 TEKTRONIX Power Unit type 160A £1 0.· 
BLACK OR TWO-TONE GREY £3.75 ea. p & p Large range MODULAR P.U . Various voltages 

35 etc. S.A.E. for lists. 

only £1.00 ea. 
p & p 50p. 

p . TEKTRONIX Oscilloscope type 536 with T 
STYLE 7006q plug-in £285. 
TWO-TONE GREEN £3.75 ea. P & P 35p TEKTRONIX Oscilloscope type 647 with 

HANDSETS- complete with 2 insets 
and lead 75p ea. P & P 37p. 

DIALS ONLY. 
75p ea. P & P 25p. 

SCOOP FIRSTTIM'E 
MODERN STANDARD TELEPHONES IN GREY OR GREEN 
WITH A PLACE TO PUT YOUR FINGERS LIKE THE 746 . 

A CHANCE NOT TO BE MISSED 
£3.00 ea. P & P 35p. 

1 OA2 and 11 62 plug-ins £525. 
TEKTRONIX Oscilloscope type 545A Main 
Frame only Fine condition £165. 

HIGH VALUE-
PRINTED BOARD PACK 

Hundreds of components. transistors . 
etc.-no two boatds the same- no 
short-leaded transistor computer 
boards. £1.75 post paid. 
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BUILD THIS EXCITING PROJECT 

AN AUDIO ANALYZER 

IN LESS THAN 2 HOURS 

ONLY £27 p.p. 75p. 
YOU CAN BE EXAMINING GENERATORS, FILTERS. ETC., ON YOUR 
GENERAL PURPOSE OSCILLOSCOPE. 
SENSITIVITY 100 MV. FREQUENCY RANGE 100 HZ to 50 KHZ. REQUIRES 
24V DC 150MA POWER SUPPLY. 
COMPRISES OF: FHACHI VCO FX11: RAMP FX21 : FILTER FX31; A FIBRE 
GLASS PC BOARD ALREADY DRILLED FOR MOUNTING ALL NECESSARY 
COMPONENTS. 
CDPC a" orders received before December 31st 1974 all additional components you need (excluding P.U.) to complete the PROJECT, rfl CC This device is not cased or calibrated. 

FHACHI VCO MODULE FX11 
Size 2 X l-J- X f'H. Input 12V to 24V DC (not centre tapped) 18V input 
giving 10V constant amplitude output. Requires only a 1 meg ohm 
potentiometer to tune entire range—or can be swept with a saw tooth 
input. Enormous possibilities: music: synthesizers; filters:communications: 
frequency modulation, etc. Detailed application sheet with all purchases. 
Price £5.75 P. & P. 15p. 

1 KHZ SIGNAL 

FHACHI RAMP MODULE FX21 
24 Volt DC input for 18 volt saw tooth output. Requires only external 
capacitor and 100K ohm potentiometer to control frequency range 
up to 100KHZ (eg 50 mfd electrolytic gives sweep of approx 1 cm 
per second). In or out sync capability. Price £5.75. P. a P. 15p, 

MARCONI TF 1041B Vacuum Tube 
Voltmeter £35 ea. 
MARCONI TF428C Valve voltmeter lOOmVto 
1 50V AC: 20Hz to 1 50 MHZ: DC 40mV to 300V 
£8 ea. 
MARCONI TF899 Valve Millivolt meter. 20mV 
to 2V AC; 50Hz to lOOmHz detected output for 
modulation monitoring. £7 ea. 
MARCONI TF912A Power Meter 5 to 25 Watts. 
Freq. range 80 to IGOmHz. £20. 
MARCONI TF801A/1 Signal Generator 10 to 
31 OmHz £55 ea. 
MARCONI TF91D/3B Carrier Deviation 
Meter £100. 
MARCONI TF791B Carrier Deviation Meter 
£30. 
MARCONI TF34/2 FM Deviation Meter 
£40. 
MARCONI TF142E Distortion Meter £20. 
MARCONI TF886A Q Meter £15. 
MARCONI TF142F Distortion Factor Meter 
£35. 
MARCONI TF791C Carrier Deviation Meter 
£65. 
MARCONI TF455E Wave Analyzer £60. 
MARCONI TF868B Universal Bridge £95. 
MARCONI TF995A/5 AM/FM Generator £295. 
MARCONI TF1020A RF Power Meter 150 and 
300 Watts. As new. £90 ea. 
MARCONI TF1020A RF Power Meter 50 and 
100 Watts. As new. £65 ea. 
MARCONI TF1094A/S. HF Spectrum Analyzer. 
Late model £375. 
MARCONI TF1371 Wideband Millivolt meter 
£25. 
MARCONI TF1434/2 Counter Range extension 
unit 10—1 OOmHz £30. 
MARCONI TF1102 Amplitude Modulator 
Carrier inputs up to 500mHz £20. 
MARCONI TF1073 Variable attenuator 0 to 
1 OOdB in IdB steps. 75ohm DCto 150mKz£10ea. 
AVO TRANSISTOR ANALYZER CT446. £35. 
UNITED SYSTEM CORPORATION Digital 
Voltmeter. Digitec. lOOmVfull scale. Small com- 
pact transistorized unit. 240V mains. 4 digit. £15ea. 
KELVIN & HUGHES Single Channel 
Recorders with spare paper. £20 ea. 
WAYNE KERR VHF Admittance Bridge 
B801 £15; B901 £20. 
WAYNE KERR Bridge Detector R161. £30. 

FREE WITH EVERY 
PAIR PURCHASED 

OPERATIONAL AMP 
TYPE 709 

COMPLIMENTARY 
POWER TRANSISTORS 

EACH RATED AT 160 WATTS. 
£2.50 pr. pair, p & P lOp. 

2N5879 

AND 

2N5881 
Hewlett Packard Microwave Power Meter 
430C complete with Bolometer £45. 
Hewlett Packard Power Meter 431 B £85. 
Hewlett Packard Valve voltmeter 19" rack AC or 
DC 1 mV to 300V dB scale. £20. 
AIRMEC OHM METER 861 £25. 
EMI WM8 Oscilloscope Plug-in units. New £25. 
WM16 Plug-in units type 7/1 Single Trace 40 
mHz £20; 7/2 Dual Trace 24mHz £35; 7/6 High 
Gain Differential £30. 
DAWE lOmc/s Digital Frequency Meter, As 
new. £25. 
DAWE Digital Voltmeter type 652A. 4 digit up 
to 1000V DC £20. 
DAWE Digital Primer type 3094A asnew£40.ea. 
E.H. Pulse Generator Model 123 20mHz 20 
nansecs width. £60. 
GRE5HAM LION Waveform Generator 625 
line staircase £45. 
GRESHAM LION Composite Waveform Genera- 
tor Multi standard Sync/Square/Pulse/Bar. £45. 
WESTON THERMOPROBE -60 to +100 
degree Centigrade. £100. 
WANDEL & GOLTERMANN Distortion Meter 
V2M1 For differential gain and differential phase 
distortion of the colour subcarrier £120. 
WANDEL a GOLTERMANN TFEK41. 
Level meter 4—600kHz £70. 
MUIRHEAD D880A 2 Phase LF Oscillator £35. 
MUIRHEAD D890A Decade Oscillator £45. 
PHILIPS GM6020 AC/DC Valve Voltmeter 
0.1 mV to 1000V, £25. 
PHILIPS GM6014 AC Valve voltmeter 1000Hz 
to 30mHz £30. 
PHILIPS GM6012 Valve voltmeter ImV to 
300V: 2Hz to 1 mHz, £20. 
SINGLE SIDE BAND CONVERTOR CV157/ 
URR. 19" rack mount for use with Collins 390 
Receiver, Complete with box of spares £120 ea. 
HEADWAY RESEARCH Photoresist Spinner 
and Speed Control £100. 
DUAL TRACE PLUG-IN units for CD1212 
Scopes DC—24mHz £35 ©a. 

TELEPHONES 
STANDARD 300 
Series. BLACK 

MODERN STYLE 706 
BLACK OR TWO-TONE GREY £3.75 ea. P & P 

35p. 
only £1.00 ea. STYLE 7006q 
P & P 50p. TWO-TONE GREEN £3.75 ea. P & P 35p 

HANDSETS—complete with 2 insets DIALS ONLY, 
and lead 75p ea. P & P 37p. 75p ea. P & P 25p. 

SCOOP FIRST TIME 
MODERN STANDARD TELEPHONES IN GREY OR GREEN 
WITH A PLACE TO PUT YOUR FINGERS LIKE THE 746. 

A CHANCE NOT TO BE MISSED 
£3.00 ea. p&P35p. 

RACAL RA17 assemblies with film scale £60 ea. 
INFRA RED INDUSTRIES USA Tunable 
Microvolt meter type 601 £75- 
TELONIC SWEEP GENERATOR 100-250mHz 
4 Watts output £130. 
PROSSER SCIENTIFIC INSTRUMENTS 
Model A100 Waveform Generator Multi wave- 
forms £185. 
POLARAD Spectrum Analyzer TSA ICmHz to 
44gHz £325. 
FENLOW LOW FREQUENCY ANALYZER 
type SA2 with recorder £175. 
ROHDE 8. SCHWARZ UHF Slotted Line Type 
LMD 300—SOOOmHz £45. 
ROHDE 8. SCHWARZ Field Strength Meter 
BN15031. 90-470mHz £60. 
ROHDE Bi SCHWARZ VHF Test Receiver 280 
950mHz USVD-BN1 523 £120. 
ROHDE 8. SCHWARZ Admittance Meter 
VLUK-BN3511. As new £175. 
EDDYSTONE RECEIVER 770A £140. 
BRANDENBURG Power Unit S0530/8. 10KV 
£40. 
BRANDENBURG Power Unit S0530/10 20KV 
£70. 
AIRMEC Modulation Meter type 210 £75. 
FREQUENCY METERS TS 174 20-250mHz 
£30; TS175 85 -1 OOOmHz £35. 
SOLAHTHON Transistor P.U. type AS758.2 
0-30V in o.l V steps 0-10 amps £30. 
SOLARTRON Precision AC Millivoltmeter 
VF252. 1.5mV full scale £30. 
SOLARTRON Resolved Component Indicator 
VP250. 20c/s—20 kc/s. £30. 
SOLARTRON Multi purpose stab P.U. type 
1904, Standard mains input. Outputs: +250V 
DC 200MA; +18V DC 2A: +6V DC 8A: - 3,5V 
DC 100MA: -6V DC 8A: -18V DC 4A: 25V AC 
150MA. All DC lines will withstand short 
circuits to earth. With copy of manual £35 ea. 
AMERICAN GENERATOR TYPE TRM3. 
AM/FM Sweep 15-400mHz. Built in display, 
markers etc. Full info on request. Brand new. 
£250 ea 
TEKTRONIX Pulse Generator type 161 £10. 
TEKTRONIX Pulse Generator type 163 £10. 
TEKTRONIX Power Unit type 160A £10. 
Large range MODULAR P.U. Various voltages 
etc. S.A.E. for lists. 
TEKTRONIX Oscilloscope type 536 with T 
plug-in £285. 
TEKTRONIX Oscilloscope type 647 with 
10A2 and 11 B2 plug-ins £525. 
TEKTRONIX Oscilloscope type 545A Main 
Frame oniy Fine condition £165. 

HIGH VALUE- 
PRINTED BOARD PACK 

Hundreds of components, transistors, 
etc.—no two boards the same—no 
short-leaded transistor computer 
boards. £1.75 post paid. 
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EX-B-EA VISUAL DISPLAY UNITS 
7" ELECTROSTATIC TUBE 
11 X 8 em VIEWING AREA 
MANUFACTURED IN THE USA BY BUNKER-RAMO 
STANDARD 240V 50HZ MAINS INPUT 
These units are inspected to see that no. parts are missing. 
No circuit-diagrams or information is available. We are 
in the process of obtaining circuits. information. etc. and a 
copy will be forwarded to all purchasers at the earliest 
possible time. 
Therefore these units are sold as received at £30 each. 

GRATICULES. 12 em. bv 14 em. in H;gh 
QuaHty l)laS1ic. 1 6p each. P. & P. 5p. 

PANEL mounting lamp holders. Aedorgreen, 
9p ca. Miniature. PANEL mounting lamp with 
holders-1 ov 1 5MA !ip ea. 

BECKMAN MULTITURN DIAL 
Model RB. Brand new. 

£1·90. P. & P. 10p. 

FIBRE GLASS PRINTED CIRCUIT 
SOARD. Brand New. Single or OOtJbte tided. 
Ally aite 1 i9 por SQ. in. Postage 1 Op por order. 

LIGHT EMITnNG D IODES IRed) from 
He-MeU·Peetwrd. Brand New. 38p ea. 
Information 5p. Holders 1 p. 

METERS. Ernest Turner Model 402. 100 
mk:ro amps. BRAND -NEW. lousy sca'e­
hen~ t2-25 ea. P. & P. 25p. 

~~~E:~ ~Sc~l1!tA~I ... ~sMsr!~;,~~ 
250 rod: "nt~ar. As new. £2·95ea. P. & P. 3?p, 

VISCONOL EHTCAPACITORS 
0·05mfd Z·5kv60pea. 0-01mfd 5kv 40p eo. 
0·05mfd 8kv 60p ea. 0-01 mfd 1 Ol<v 60p eo. 

BLOCK PAPER CAPACITORS A VAIL­
ABLE. S.A.E. with requirements. 

PHOTOCELL oquivolent OCP71. 13pea. 

M ULLARD OCP70 10p ea. 

POTENnOMETERS 
COLVERN 3 wen. Brand new. 25K at 13p ea. 

MORGANITE Special Brand new, 2·5: 10: 
100: 250: 500K: 1 in. sealed. 17p ea. 

BERCO 2t Watt. Brand new. 5: 10: 50: 260: 
Ohms:\ : 2.5: lO: 25 at 15p$a. 

STANDARD 2 meg. log pots. Current type 
16pee. 

INSTRUMENT 3in. Cavern 5 ohm 35p 11.: 
50K ond 1 OOK !lOp eo. 

BOURNS TR1MPOT POTENTIOMETERS. 
20: 60: 100:200: 500ohms: l: 2: 2·5: 6: 10: 
25K ot 35p ea. ALL BRAND NEW. 

~!:;_c;~o~-~-~spe~~8~~~0~EtZ~' 
VENNER Hour Meters-5 digit. wall mount 

sealed cue. Standard mains. £3-75 ••· 
P. & P. 4bp. 

TRANSFORMERS. All standord inputa. 
Gord/Parm/Part. 450--4oo-0--400--4SO. 180 
MA. 2 X 6.3v. t3 ea. 

FANTASTIC VALUE 
Mtnleture Transformer. Standiud 240V 

~tt. 0~~0~. 1 &ami. or~t. ~~~~~n~o~ 
quantity. 

CAPACITOR PACK 50 Brand now compo 
nontlooly SOp. P. & P.17p. 

P.C. MOUNT SKELETON PRE·SETS. 
Screwdriver adjust \0. 5 and 2.5M ~ 2p ea. 

i~~- ,
68_<'s ~~~ ~~J~ ~~:f.lM .FS~~'2'sd6 

and 25K@ 6p ea. M;n P. & P. I Op. 

1000pf FEED THRU CAPACITORS. Only 
SOl~ ;, packs of 10--30p. P. & P. lOp. 

RECTANGULAR INSTRUMENT FANS. 

e~~~:~ ~i:~a ~i:~ p:t ~- itp~ , ._, ,,s 
DELIVERED TO YOUR DOOR 1 CW1. of 
Electronic 5uap chassis, boards. etc. No 
RubbiSh. FOR ONLY £4. N. Ireland C2 extra. 

P.C.B. PACK S & 0. Quantity 2 sq. ft.-<10 
tinyp;eces. SOp plus P. &P. 20p. 

FIBRE GLASS a .. bove £1 plus P. & P. 20p. 

TRIMMER PACK. 2 Twin 50/200'pf ceramic: 
2 Twin 10/60ff ceramic: 2 min striPt: with 4 
greset 5/20 p oo eacl'): 3 air spaced pr11et 

2~ ~ fht. P~e&a;'if~~se. ALL BRAND NEW 

:~.m~ 8.rf~·t7;:~·~·r.~l~~~~OO,~Ia~~ 
20pea . 

RELAYS 
Vat'ley VP4 plastic covers 4 pOle c/o \ SK-
33p : 5-$K-40p ea. 

BRAND-NEW 121n. 
LONG PERSISTENCE TUBES 

New stocks- new pri~e. Only £8-50 
(whilst stock lasts) 

Ideal for SSTV: educational purpoaea.. 

~~f: i~~.~~!:ca~i~~~c~o~~T ~oltages etc. 

~~~~5~uantitv LT. HT. EHT trl!nsformttl ar•d 

CRYSTALS. Colour 4.~MHz. Brand New. 
t1·25 ee. P. & P. lOp. 

HF Crystal Drive Unit. l9in. rack moon1. 
SUtndard 240V input with superb cryst•J oven 
by Ubgear (nocrvstals•£&ea. Carr. C1·60. 

ROTARY SWITCH. PACK-6 Brood New 
switches (1 ct~ramic: 1-4 pole 2. way etc.). 
BOp. P. II< P. 20p. 

CONSTANT VOLTAGE 
TRANSFORMERS 

1 Kilowatt etc. 
S.A.E. with requirements. 

LOW FREQUENCY WOBBULATOR 
Primarily inte~ded for the alignment of AM Radios; Communication Receivers; Filters. etc., in the range of 250 KHZ to 5 MHZ. but 
can be effectively used to 30 MHZ. Can be used with any general purpose oscilloscope. Requires 12V AC input. Three controls­
RF level: sweep width and frequency. Price £8·50. P. & P. 35p. 
A second model is available as above but which allows the range to be extended down in frequency to 20KHZ by the addition of external 
capacitors. Price £11·50. P. & P. 35p. 
Both models are supplied connected for automatic 50 HZ sweeping. An external sweep voltage can be used instead. These units are 
encapsulated for additional reliabil ity, "':'ith the exception of the controls (not cased, not calibrated). 

DON'T FORGET 
YOUR MANUALS 

S.A.E.WITH 
REQUIREMENTS 

MAI(E YOUR SINGLE BEAM .SCOPE 
INTO A DOUBLE WITH OUR NEW 
LOW PRICED SOLID STATE SWITCH. 
2HZ to 8 MHZ. Hook up a 9 volt battery and 
connect to your scope and have two t races 
for ONLY £6.25. P. & P. 25p. 
STILL AVAilABLE our 20 MHZ version 
at £9.75. P. & P. 25p. 

20HZ to 200KHZ 
SINE AND SQUARE WAVE GENERATOR 

In four ranges. Wien bridge oscillator thermistor stabilised. Separate 
independent sine and square wave amplitude controls. 3V max sine, 
6V max square outputs. Completely assembled P.C. Board. ready to use. 
9 to 12V supply required. £6·85 each. P. & P. 25p. Sine Wave only 
£6.85 each. P. & P. 25p. · 

LARGE QUANTITY OF 
OSCILLOSCOPE & 

DISPLAY TUBES FROM 1" to 24" 
SA.E FOR COMPREHENSIVE LIST 

WIDE RANGE WOBBULATOR 
5 MHZ to 150 MHZ (Useful harmonics up to 1·5 GHZI up to 15 MHZ sweep width. 
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10·7 or TV 
IF alignment, filters, receivers. Can be used with any general purpose scope. Full 
instructions supplied. Connect 6·3V AC and use within minutes of receiving. 

All of our tubes can be supplied with nu-metal shields or 
Telcon nu-metal tape. All this for only £6-75. P. & P. 25p. (Not cased, not calibrated.) 

TYPE A 
Input: 12V DC 

Output: 1 .3kV AC 1.5MA 

Price £3.45 

TRANSISTOR INVERTORS 
TYPE 8 

Input: 12V DC 
Output: 1.3kV DC 1.5MA 

TYPEC 
Input: 12V to 24V DC 

Output: 1.5kV to 4kV AC 0.5MA 

Price £4.70 Price £6.35 
Postage & Packing 36p 

TYPED 
Input: 12V to 24V DC 

Output: 14kV DC 100 micro amps a1 24V. 
Progressively raducing for lower input voltages 

Price £11 

Uni8$S stated - please add £2.00 c:aniage to all units. 

VALUE ADDED TAX not included in prices-please add 8% 
Official Orders Welcomed, Gov.fEducational Depts., Authorities, etc., otherwise Cash with Order 

Open 9 am to 6.30 pm any day (later by arrangement.) 

f!~~I:HILTMEAD LTDII--1 
7J9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, K ings Road) Tel.: Reading 582605/65916 
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EX-BE A VISUAL DISPLAY UNITS 

1" ELECTROSTATIC TUBE 

11 X 8 cm VIEWING AREA 

MANUFACTURED IN THE USA BY BUNKER-BAMO 
STANDARD 240V 50HZ MAINS INPUT 
These units are inspected to see that no parts are missing. 
No circuit diagrams or information is available. We are 
in the process of obtaining circuits, information, etc, and a 
copy will be forwarded to all purchasers at the earliest 
possible time. 
Therefore these units are sold as received at £30 each. 

*IPH» *H0 PUNCICAnOH KtV$ 

-MUMERIC KtVS 

GRATICULES. 12 cm. by 14 cm. in High Quality plastic. ISpcach, P. & P. 5p. 
PANEL mounting lamp holders. Red or green, 9p ea. Miniature. PANEL mounting lamp with holders—10V 15MA 6p ea. 

BECKMAN MULTITURN DIAL Model RB. Brand new. £190. P & P. lOp- 

FIBRE GLASS PRINTED CIRCUIT BOARD. Brand New, Single or Double sided. Any size 1-Jpper sq. in. Postage 10p per order. 
LIGHT EMITTING DIODES IRodJfrom Hewlett-Packard. Brand New. 38p ea. Information 5p. Holders 1 p. 

METERS. Ernest Turner Model 402. 100 micro amps. BRAND NEW. Lousy scale- hence C2-2Bea. P.&P. 25d. 
METERS by SIFAM type M 42. 25-Q-25 micro amp. Scaled 25-0-25 green; 250-0- 250 rod; linear. As new. £2-95 ea. P. & P. 37p. 

VISCONOL EHT CAPACITORS 
0 05mfd 2-5kv 50p ea. OOlmfd 5kv 40pea. 0-05mfd BkvSOpaa. O-Olmfd 10kv BOpea, 
BLOCK PAPER CAPACITORS AVAIL- ABLE. S .A.E. with requirements. 
PHOTOCELL equivalent OCP 71.13p ea. 
MULLARD OCP70 10p ea. 

POTENTIOMETERS COLVERN 3 watt. Brand new. 25K at 13p ea. 
MORGANITE Special Brand new. 2-5; 10; 100:250: 500K: lin. sealed. 17pe8. 
BERCO 24 Watt. Brand new. 5: 10; 50: 250; ohms; 1:275: 10: 25 at ISpea. 

STANDARD 2 meg. log pots. Current type IBpea. 
INSTRUMENT 3in. Colvorn 5 ohm 35p ea.; 50K and 100K 90p ea. 
BOURNS TRIMPOT POTENTIOMETERS. 20; 50; 100: 200; 500 ohms: 1:2:2-5:5:10; 25K at 3Sp ea. ALL BRAND NEW. 
RELIANCE P.C.B. mounting. 270; 470; 500 ohms; 10K at 35pea. ALL BRAND NEW. 
VENNER Hour Meiers—5 digit, wall mount sealed case. Standard mains. £3-75 ea. P. & P. 45p. 
TRANSFORMERS. All standard inputs. Gard/Parm/Part. 450-400-0-^00-450. ISO MA. 2 X 6.3v. £3 ea. 

FANTASTIC VALUE 
Miniature Transformer. Standard 240V input. 3Volt 1 amp output Brand New. 6Sp ea. P. & P. 15p. Discount for quantity. 

CAPACITOR PACK 50 Brand new compo nents only 50p. P. & P. 1 7p. 
P.C. MOUNT SKELETON PRESETS. Screwdriver adjust 10. 5 and 2.5M @ 2pea. 1M. 500. 250 and Z5K (a: 4p ea. Fingered just 10. 5 and 2.5M @ 3pca. 1M. 500. 250 and 25K @ Bp ea. Min P. & P. lOp. 
lOOOpf FEED THRU CAPACITORS. Only sold in packs of 10—30p. P. & P. 10p. 
RECTANGULAR INSTRUMENT FANS. American Ex-equ. Size 4J X 4J X H". 115 Volt. Very quiet £3 ea. P. & P. 37p. 
DELIVERED TO YOUR DOOR 1 cwt. of Electronic Scrap chassis, boards, etc. No Rubbish. FOR ONLY £4. N. Ireland £2 extra. 
P.C.B. PACK S & D. Quantity 2 sq. ft.—no tiny pieces. SOp plus P. & P. 20o. 
FIBRE GLASS as above £1 plusP &P.20p. 
TRIMMER PACK. 2 Twin 50/2OOpf ceramic: 2 Twin 10/60 pf ceramic: 2 min strips with 4 preset 5/20 pi on each: 3 air spaced preset 30/100 pf on ceramic base. ALL BRAND NEW 25p the LOT. P. & P. lOp. 
ALMA precision resiators 200K; 400K; 497K: 998K: 0-1% 27p ea.; 3-25K. 5-6K, 13K-0-1% 20p ea. 

RELAYS 
Varley VP4 plastic covers 4 pole c/o 15K— 33p;5-8K—40pea. 

BRAND-NEW 12in. 
LONG PERSISTENCE TUBES 

New stocks—new price. Only £6-50 {whilst stock lasts) Ideal for SSTV: educational purposes. Type 12DP7A. connections, voltages etc. Price includes carriage & VAT. 
Large quantity LT, HI. EHT transformers and chokes. 

Vast quantity of good quality components —NO PASSING TRADE—so we offer 3 LB. of ELECTRONIC GOODIES for £1 -50 post paid. 
CRYSTALS. Colour 4.43MHz. Brand New. £1-25ea. P.&P. lOp. 

Beehive Trimmer 3/30 pf. Brand new. Qty 1-9 13p ea. P. & P. 15p: 10 99 10p oa. P. & P. 25p: 10O-999 7pea. P. & P. free. 
HF Crystal Drive Unit. 19in. rack mount. Standard 240V input with superb crystal oven by Labgear (no crystals) £Bea, Carr. £1-50. 

ROTARY SWITCH PACK—6 Brand New switches (1 ceramic; 1-4 pole 2 way etc.). 5Op, P. & P. 2Op. 
CONSTANT VOLTAGE TRANSFORMERS 1 Kilowatt etc. S.A.E. with requirements. 

LOW FREQUENCY WOBBULATOR 
Primarily intended for the alignment of AM Radios; Communication Receivers: Filters, etc., in the range of 250 KHZ to 5 MHZ, but 
can be effectively used to 30 MHZ. Can be used with any general purpose oscilloscope. Requires 12V AC input. Three controls— 
RF level; sweep width and frequency. Price £8-50. P. & P. 35p. 
A second model is available as above but which allows the range to be extended down in frequency to 20 KHZ by the addition of external 
capacitors. Price £11-50. P. & P. 35p. 
Both models are supplied connected for automatic 50 HZ sweeping. An external sweep voltage can be used instead. These units are 
encapsulated for additional reliability, with the exception of the controls (not cased, not calibrated). 

DON'T FORGET 
YOUR MANUALS 

S.A.E. WITH 
REQUIREMENTS 

MAKE YOUR SINGLE BEAM SCOPE 
INTO A DOUBLE WITH OUR NEW 
LOW PRICED SOLID STATE SWITCH. 
2 HZ to 8 MHZ. Hook up a 9 volt battery and 
connect to your scope and have two traces 
for ONLY £6-25, P. & P. 25p. 
STILL AVAILABLE our 20 MHZ version 
at £9-75. P. & P. 25p. 

20HZ to 200KHZ 
SINE AND SQUARE WAVE GENERATOR 

In four ranges. Wien bridge oscillator thermistor stabilised. Separate 
independent sine and square wave amplitude controls. 3V max sine, 
6V max square outputs. Completely assembled P.C, Board, ready to use, 
9 to 12V supply required. EB-SS each. P. & P. 25p. Sine Wave only 
£6-85 each. P. & P. 25p. 

LARGE QUANTITY OF 
OSCILLOSCOPE & 

DISPLAY TUBES FROM 1" to 24" 
SAL FOR COMPREHENSIVE LIST 

All of our lubes can be supplied with nu-metal shields or 
Telcon nu-metal tape. 

WIDE RANGE WOBBULATOR 
5 MHZ to 150 MHZ (Useful harmonics up to 1-5 GHZ) up to 15 MHZ sweep width. 
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10-7 or TV 
IF alignment, filters, receivers. Can be used with any general purpose scope. Full 
instructions supplied. Connect 6-3V AC and use within minutes of receiving. 
All this for only £6-75. P. & P. 25p. (Not cased, not calibrated.) 

TYPE A 
Input: 12V DC 

Output: 1.3kV AC 1.SMA 

Price £3.45 

TRANSISTOR INVERTORS 
TYPE B 

Input; 12V DC 
Output: 1.3kV DC 1.5MA 

Price £4.70 

TYPE C 
Input: 12V to 24V DC 

Output: 1.5kV to 4kV AC 0.5MA 

Price £8.35 
Postage & Packing 36p 

TYPE D 
Input; 12V to 24V DC 

Output: 14kV DC 100 micro amps at 24V. 
Progressively reducing for lower input voltages 

Price £11 

Unless stated - please add £2.00 carriage to all units. 
VALUE ADDED TAX not included in prices—please add 8% 

Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order 
Open 9 am to 6.30 pm any day (later by arrangement.) 

_ CHI LIT MEAD LTD 
7/9 ARTHUR ROAD, READING, BERKS, (rear Tech. College, Kings Road) Tel.: Reading 58260S/659I6 

DuvkwittaAcccM 
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TAUT SUSPENSION MULTIMETERS 

U4317 £16.50 

Made in USSR 

For ex-stock delivery* 

U4312 £10.25 
U4313 £12.50 
U4315 £9.00 

U4324 £9.25 

U4323 £7.70 

TRADE ENQUIRIES INVITED 
PLEASE WRITE FOR FULL DETAILS 

U4341 £10.50 

F4313 £22.00 

Wireless World, December 1974 

SPECIAL OFFER OF L.E.D.s 
Twelve Light Emitting Diodes Type HP5082/4850. 
0.20 mm dia .. bright diffused red light Operating current 
20mA at 1.65V. ONlY £1.75 incl. P.P. and VAT 

1-AMP SILICON RECTIFIERS 
20 pieces 1 N400 I 50 p.i.v. £1.12 

1 N4002 100 p.i.v. £1.25 
1 N4003 200 p.i.v. £1.35 
1 N4004 400 p.i.v. £1.45 
1 N4005 600 p.i.v. £1.55 
1 N4006 800 p.i.v. £1.85 

.. 1 N4007 1 000 p.i.v. £2.10 
This is a special offer and minimum quantity of 20 pes 
must be ordered. These prices are inclusive of P.P. 
and VAT. 

11.5 AMP THYRISTORS 
BTX47-1200R P·GATE Reverse blocking Thyristors. 
Peak reverse voltage 1200V. Trigger voltage 3.5V 
£2.00* Specials offer oliO pes £12.00 

Inclusive of P.P. and VAT. 

PHOTO-CONDUCTIVE CELLS 
OAP12 £0.60* ORP69 £0.60* 
ORP60 £0.60* ORP90 £1.1 0* 
OAP61 £6.45* ORP93 £1.1 0* 

Please write for full catalogue and Price list of 
Valves, Sami-eonductOI'S, Test Equipment and 
Paaive Componen1S. 

Minimum Account Order & Charge £10.00 + 
VAT, otheMise cash with order. Prices are 
exclusive of VAT unless indicated. When remit1ing 
cash with order please add £0.50 per Mullimeter or 
£0.15 in £for other items. 

MINIMUM ACCOUNT ORDER CHARGE £10.00 PLUS VAT. OTHERWISE CASH WITH ORDER PLEASE 

*Prices are exclusive of VAT 

Z & I AERO SERVICES LTD 
Tel. 727 5641 44A WESTBOURNE GROVE. LONDON W2 5.JF Telex 261306 

E.H.T. POWERUNIT.110/240V. 50Hz giving!! K.V. II 
50 m/1. METEREO OUTPUT. £17·SO. 

COPPER LAMINATE P.C. BOARD 
11 x 3l x .;,; in. 12p sheet. 5 for SOp. 
10 x 4 x .ft ln. 12p sheet. S lor SOp. 
1 Ot x lit x.;,; in.111p sheet. 4 for SOp. 
10 x 1 x *ln. 18p sheet. 3 for SOp. 
Offcut pack (smallest 4 x 2 in .) SOp 300 sq. in. 
P. & P. slngte sheet 4p. Bargain packs 20p. 

TELEPHONE DIALS (New) £1 ea. 
RELAYS (G.P.O. '3000'). AU types, Brand 
new hom 37tp ••· 10 up quotations only. ~ 
EXTENSION TELEPHONES ( Type 706) • 
Various Colours £3·SO. P.P. 25p. Excellent .. 
condition. , ~·1 
RATCHET RELAYS. (310 ohm) Various • · •.j 
Types SSp. P.P. 5p. "~IJJ-.::::• 
UNIBELECTORS (NEW) 25 way 12 '~ 
Bank (Non Bridging) 68 ohms. £8. -a> 
P.P. 30p. 

PRECISION A. C. MILLIVOLTMETER (Solartron) 1 ·5m.v. 
to 15v : 60db to 20db. 9 ranges. Excellent condition.' 
£22 ·SO. P.P. £1 ·50. 

HIGH CAPACITY ELECTROLYTIC$ 
2,20011f.100v. (1 i X 4in.) 75p. 3,150111 40v. (11 X 41n.) SOp. 
10,000111. 26v. (1 ! X 4tin.) SOp. 12,000111. 40v. (2 X 41n.) 
75p. 16,000111. 16v. (2 X 4in.) SOp. 21,000111. 40V. (zt X 
4in.) £1. 2.800111. 1 OOV. (4 x 2in.) BOp, 15.000111. 63v. 
(41 x 211n.) £1. 35,000uf. 40v. (3 x 4iln.) £1. P. & P. 8p. 
M.D. ALARM BELLS. 6 in. Dome 6/ 8 volt O.C. £2·211. 
P.P. SOp. 
HIGH VACU UM DIFFUSION PUMPS ( Metronc 
093C) . New condition. £40. P.P. £2. A.E.I. 1'10. ION 
Pump Control Units. £17·50. 

OVERLOAD CUT · OUTS. Panel mounting (1 i X 1l X l in.) 
800 M/ A/ 1 ·8 amp/10 amp. 35p ea. P.P. 5p. 
IIU LK COMPONENT OFFER. Resistors/Capacitors. All 
types and values. All new modem components. Over 5-00 
pieces £2. (Trial order tOOpcs. 50p). We ore confident 
you will re-order. 
RE,GULATED POWER SUPPLY. Input 110/240v. 
Output 9v. OC. 1 I amp. 12v. D.C. 500 m/a. £4. P.P. 30p. 

I U.K. ORDERS 8% V.A.T. SURCHARGE I 

WW-038 FOR FURTHER DETAILS 

TRANSFORMERS 
ADVANCE "VOLSTAT" TRANSFORMERS. Input 
242v. A.C. 
CVSO. 38v. at 1 amp: 25v. et 100m/a. 75v. at 200m/a. 
£2 ea. P.P. 40p. 

CV75. 25v. at 2 t amp. £2·SO. P.P. 150p. 
CV100. 50v. at 2 amp: 50v. at100 m/a. £3. P.P. 50p. 
CV2&0. 25v. at 8 amp: 75v. at i amp. £6. P.P. £1. 
CVSOO. 45v at 3 amp: 35v. at 2 amp : 25v. at 3 amp. 
£7. P.P. £1 . 

L.T. TRANSFORMER. Prim. 240v. Sec. 13v. at 
1·5 amp. 75p. P.P. t 5p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 24v. at 
1 i amp. £1 ·20. P.P. 20p. 
L.T. TRANSFORMER. Prim. 110/ 240v. Sec. 0/24/ 40v 
1 t amp. (Shrouded). £1 ·50. P.P. 30p. 
L.T. TRANSFORMER. Prim.200/ 250v.Soc.20/ 40/60v. 
at 2 amp. (Shrouded) . £2·21. P.P. 40p. 
L.T. TRANSFORMER ( H. D.) Prim. 200/250v. 
Sec. 18v. at 27 amp: 40v. at 9·8 amp: 40v. at 3·6 amp: 
52v. at 1 amP: 25v. at 3·7 amp. £11. P.P. £2. 
H.T. TRANSFORMER. Prim. 110/240v. Sec. 400v. 
100m/a. £2. P.P. 50p. 
E.H.T. TRANSFORMER. 240v. Sec. 1800v. 50 mA. 
£2 ·110. P.P. 50p. 
L.T./H .D. TRANSFORMER. 210/240v. output 17v. 
at 60 amp. £12·SO. P.P. £1. 
L.T. TRANSFORMER. 110/240v. ('C. Core). Sees. 
1/3/9/27v. at 10 amps. £6·SO. P.P. 75p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 16/0!16v. at 
2 amp. £1 ·60. P.P. 20p. 

L.T. TRANSFORMER. Prlm. 110/ 240v. Sac. 23/ 0/ 23v. 
at 1 ·8 amp: 5Qv. at 300 m/o: 3 ·1!!/ 0/ 3 ·15v. at 300 mfa. 
£1·75. P.P. 20p. 
L.T. TRANSFORMER. Prim. 200/ 240v. ('C' Core). 
Sees. 1v./3v./8v./9v. ell at 1.!1A: !!Ov. at 1 amp. £2. 
P.P. 25p. 

L.T. TRANSFORM ER. 110/ 240v. ('C' Core). Sec. 
13.5v. 4A. : 39v. at 2A. £2·80. P.P. 26p. 
L.T. TRANSFORMER. 110/240v. ('C' Core) 1v./ 
3v./9v./20v./20v. all at 2 amp. £3. P.P. 35p. Same 
Secondaries but at 4 amp. £4·211. P.P. 40p. 
L.'f. TRANSFORMER. 110/2.40v. {'C' Core). Sees. 
1 v./3v./9v. all at 10 amp: 35v. et 1 amp: 50v. at 750 m/a 
£5·25. P.P. 50p, 

HIGH -SPEED MAGNETIC , 
COUNTERS. 4 digit (non reset) 24v. • 
or 48v. (state whiCh) 4 x 1 x 1 in. ;:, 
40p. P.P. 6p. 

5 digit (Non-reset) 24v. 75p. P.P. 5p. .. 

3 digit 12v. (Rotary Reset) 2 i x 1 t x 1 i in. £1 each. 
3 digit 12v. (Reset) 3t x 1 x 1 in. £2·25. P.P. 5p. 
6 digit (Reset) 240v. A.C. £3·50. P.P. 1 Op. 

MULTICORE CABLE (P.V.C.) 
6 core (6 colours) 3 screened. 14/0048. Up. Yd. tOO yds. 
£12·80. 
20 core (2 screened) 17ip yd. 100 yds. £111. 
24 core (24 colours) 20p yd.100 yds. £17·SO. 
30 core (15 colours) 22tp yd. 100 vds. £18·SO. 
Minimum order 10 yds. 
RIBB ON CABLE (8 colours) 
£1·25 £10 
10m. 100m. 
8 cores. 7/·mm. bonded side by side In ribbon form. 
SMALL MOTOR (1 / 50 H.P.) 900 R.P.M. 230/ 250v. A.C. 
£1 ·SO. P.P. 30p. 

RELAYS 
SIEMENS/VARLEY PLUG-IN. Complete with transpa rent 
d ust covers and bases. 2 pole c/o contacts 35p ea.; 6 make 
contects 40p ea.; 4 pole c/o contacts &Op ea. 6·12·24·48v. 
types r n stock. 
12 VOLT H.D. RELAYS (3 x 2 x 1 in.) with 10 emp. sliver 
contacts 2 pole c/o 40p ea.; 2 pole 3 way 40p. P.P. 5p. 
24 VOLT H.D. RELAYS (2 x 2 x i ln.) 10 amp. contacts, 
4 polo c/o. 40p ea. P.P. 5p. 
240v. A. C. RELAYS. ( Plug-in type), 3 change-over 10 amp. 
contacts. 71p (with base). P.P. 5p. 
P .A.R. BISTABLE RELAY ( Latching) 24v. O.C. 4 c/o 
contacts 85p. P.P. 5p. 
SILICON BRIDGES. 100 P.t.V. 1 amp J x 1 x 1 in.) SOp. 
200 P.I.V. 2 a mp. SOp. 
24 VOLT A.C. RELAYS (Plug-in). 
3 Pole Change-over SOp. 
2 Pole Change-over 4Bp. 
WE REGRET THAT ALL ORDERS VALUE UNDER £II 
MUST BE ACCOMPANIED BY REMITTANCE. 

PATTRICK & KINNIE 
191 LONDON ROAD 
ROMFORD 44473 

ROMFORD ESSEX 
RM7 9DD 
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TAUT SUSPENSION MULTIMETERS 

Made in USSR 

For ex-stock delivery* 

U4312 £10.25 
U4313 £12.50 
U4315 £9.00 

U4324 £9,25 

114341 £10.50 

U4317 £16.50 

U4323 £7.70 

TRADE ENQUIRIES INVITED 
PLEASE WRITE FOR FULL DETAILS 

F4313 £22.00 

SPECIAL OFFER OF L.E.D.s 
Twelve light Emitting Diodes Type HP5082/48S0. 
0.20 mm die., bright diffused red light. Operating current 
20mAat 1.66V. ONIY £1.75 incl. P.P. and VAT 

1-AMP SILICON RECTIFIERS 
20 pieces 1N4001 50 p.i.v. £1.12 

„ 1N4002 100 p.i.v. £1.25 
„ 1N4003 200 p.i.v. £1.35 

1N4004 400 p.i.v. £1.45 
1N4005 600 p.i.v. £1.55 

- 1IV4006 800 p.i.v. £1.85 
. IN4007 1000 p.i.v £2.10 

This Is a special offer and minimum quantily of 20 pcs 
must be ordered. These prices are nelusive of P.P. 
and VAT. 

11.5 AMPTHYRISTORS 
BTX47-12006 P-GATE Reverse blocking Thyristors. 
Peak reverse voltage 1200V. Trigger voltage 3.5V 
£2.00* Specials offer of 10 pcs £12.00 

Inclusive of P.P. and VAT. 

PHOTO-CONDUCTIVE CELLS 
0RP12 £0.60* 0RP69 £0.60* 
ORP60 £0.60* ORP90 £1,10* 
0RP61 £0.45* 0RP93 £1.10* 

Please write for hill catalogue and Price List ol 
Valves, Semi-conductors, Test Equipment and 
Passive Components. 
Minimum Account Order & Charge £10.00 + 
VAT, otherwise cash with order. Prices ate 
exclusive of VAT unless indicated. When remitting 
cash with order please add £0.50 per Multimeter or 
£0.15 in £ for other hems. 

MINIMUM ACCOUNT ORDER CHARGE £10.00 PLUS VAT. OTHERWISE CASH WITH ORDER PLEASE 

* Prices are exclusive of VAT 

Z & I AERO SERVICES LTD 
Tel, 727 5641 44A WESTBOURNE GROVE. LONDON W2 5JF Telex 261306 

WW—038 FOR FURTHER DETAILS 

E.H.T. POWERUNIT. 110/240v. 50Hz giving 5 K.V. at 
50 m/a. METERED OUTPUT. £17 50. 

COPPER LAMINATE P.C. BOARD 
11 X 3j x rr in. 12p sheet. 5 for 50p. 
10 x 4 x ,V in. 12p sheet. 5 for 50p. 
10i x 5i x tV in. 1 Bp sheet. 4 for 50p. 10 x 7 x A In. 18p sheet. 3 for BOp. 
Offcut pack (smallest 4x2 in.) 50p 300 sq. in. 
P. & P. single sheet 4p. Bargain packs 20p. 

TELEPHONE DIALS (New) £1 ea 
RELAYS (G.P.O. '3000'). All types. Brand 
new from 37Jp oa. 10 up quotations only. 
EXTENSION TELEPHONES (Type 706) 
Various Colours £3-50. P.P. 25p. Excellent 
condition. 
RATCHET RELAYS. (310 ohm) Various 
Types 85p. P.P. 5p. 
UNISELECTORS (NEW) 25 way 12 
Bank (Non Bridging) 68 ohms, £6. 
P.P. 30p. 

PRECISION A.C. MILLIVOLTMETER (Solartron) 1 5m.v. 
to 15v: 60db to 20db. 9 ranges. Excellent condition.' 
£22 BO, P.P. £1-50. 

HIGH CAPACITY ELECTROLYTICS 
2,200wf. lOOv. (1 i x 4in.> 75p. 3,1 50uf 40v. (1 i x 4in.) 60p. 
lO.OOOuf. 25v. (1 J x 4}in.) 80p. 12,000wf. 40v. (2 x 4in.) 
75p. 16,000uf. 16v. (2 x 4in.) 60p. 21.000uf. 40v. (2i x 
4in.) £1. 2,800pf. 100v. (4 x 2in.) 80p. IS.OOOpf. 63v. 
(4 J x 2 Jin.) £1. 35,000wf. 40v. (3 x 4iin.) £1. P. 6 P. 8p. 
H.D. ALARM BELLS. 6 in. Dome 6/8 volt D.C. £2 2B. 
P.P. 50p. 
HIGH VACUUM DIFFUSION PUMPS (Matrovac 
093C). New Condition. £40. P.P. £2. A.E.I. PIO. ION Pump Control Unite. £17 50. 
OVERLOAD CUT-OUTS. Panel mounting (1 J x 1 J x iin.) 
800 M/A/1-8 amp/10 amp. 35p ea. P.P. 5p. 
BULK COMPONENT OFFER. Resistors/Capacitors. All 
types and values. All new modern components. Over 500 
pieces £2. (Trial order lOOpcs. BOp). We are confident 
you will re-order. 
REGULATED POWER SUPPLY. Input n0/240v. 
Output 9v. DC. 1J amp. 12v, D.C. 500 m/a. £4. P.P. 30p. 

U.K. ORDERS 8% V.A.T. SURCHARGE 

TRANSFORMERS 
ADVANCE "VOLSTAT" TRANSFORMERS. Input 
242v. A.C. 
CV50. 38v. at 1 amp: 25v. at 100 m/a. 75v. at 200 m/a. 
£2 ea. P.P. 40p. 
CV75. 25V. Qt 2i amp. E2-S0. P.P. BOp. 
CVIOO. 50v. at 2 amp: 50v. at 100 m/a. £3. P.P. 50p. 
CV250.25v. at 8 amp: 75v. at J amp. £5. P.P. £1. 
CVBOO. 45v at 3 amp: 35v. at 2 amp: 25v. at 3 amp. 
£7. P.P. £1. 
L.T. TRANSFORMER. Prim. 240v. Sec. 13v. at 
1-5 amp. 75p. P.P. 15p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 24v. at 
1 J amp. £1-20. P.P. 20p. 
L.T. TRANSFORMER. Prim. 110/240v. Sec. 0/24/40v 
1 i amp. (Shrouded). £1 50. P.P. 30p. 
L.T.TRANSFORMER. Prim.200/250v, Sec.20/40/60v. 
at 2 amp. (Shrouded). £2-25. P.P. 40p. 
L.T. TRANSFORMER (H.D.) Prim, 200/250v. 
Sec. 18v. at 27 amp: 40v, at 9-8 amp: 40v. at 3-6 amp: 
52v. at 1 amp: 25v. at 3-7 amp. £15. P.P. £2. 
H.T. TRANSFORMER. Prim. 110/240V. Sec. 400v. 
100 m/a. £2. P.P. BOp. 
E.H.T. TRANSFORMER. 240v. Sec. 1800V. 50 mA. 
£2 50. P.P. BOp. 
L.T./H.D. TRANSFORMER. 210/240v. output 17v. 
at 60 amp. £12-50. P.P. £1. 
L.T. TRANSFORMER. 110/240v. ("C. Core). Sees. 
1/3/9/27v. at 10 amps. £6 50. P.P. 75p. 
L.T. TRANSFORMER. Prim, 240v. Sec. 16/0/16v. at 
2 amp. £1-60. P.P. 20p. 
L.T. TRANSFORMER. Prim. 110/240v. Sec. 23/0/23v. 
at 1 -8 amp : 50v. at 300 m/a : 3-15/0/3-15v. at 300 m/a. 
£1 75. P.P. 20p. 
L.T. TRANSFORMER. Prim. 200/240v. ('C Core). 
Sees. 1 v./3v./8v./9v. all at 1.5A: 50v. at 1 amp. £2. 
P.P. 25p. 
L.T. TRANSFORMER. 110/240v. ('C Core). Sec. 
13.5v. 4A.: 39v. at 2A. £2 SO. P.P. 25p. 
L.T. TRANSFORMER. 110/240v. ('C Core) 1v./ 
3v./9v./20v./20v. all at 2 amp. £3. P.P. 35p. Same 
Secondaries but at 4 amp. £4-25. P.P. 40p. 
L.T. TRANSFORMER. 110/240v. {'C Core). Sees. 
1 v./3v./9v. all at 10 amp: 35v. at 1 amp: 60v. at 750 m/a 
£5-2B. P.P. BOp. 

HIGH-SPEED MAGNETIC 
COUNTERS. 4 digit (non reset) 24v. or 48v. (state which) 4 x 1 x 1 in. 
40p. P.P. Bp. 
5 digit (Non-reset) 24v, 75p. P.P. Sp. 
3 digit 12v. (Rotary Reset) 2i x If x 1 i in. £1 each. 
3 digit 12v. (Reset) 3i x 1 x 1 in. £2-25. P.P. 5p. 
6 digit (Reset) 240v. A.C. £3-50. P.P. lOp. 

MULTICORE CABLE (P.V.C.) 
6 core (6 colours) 3 screened. 14/0048. IBp. yd. 100 yds. 
£12 50. 
20 core (2 screened) 17Jp yd. 100 yds. £15. 
24 core (24 colours) 20p yd. 100 yds. £17 50. 
30 core (15 colours) 22ip yd. 100 yds. £18-50. 
Minimum order 10 yds, 
RIBBON CABLE (8 colours) 
£125 £10 
10m. 100m. 8 cores. 7/ mm. bonded side by side In ribbon form. 
SMALL MOTOR (1/50 H.P.) 900 R.P.M. 230/250v. A.C, 
£1-50. P.P. 30p. 

RELAYS 
SIEMENS/VARLEY PLUG-IN. Complete with transparent 
dust covets and bases. 2 pole c/o contacts 35p ea.; 6 make 
contacts 40p ea.; 4 pole c/o contacts BOp ea. 6-12-24-48v. 
types In stock. 
12 VOLT H.D. RELAYS (3x2x1 in.) with 10 amp. silver 
contacts 2 pole c/o 40p ea.; 2 pole 3 way 40p. P.P. 5p. 
24 VOLT H.D. RELAYS (2 x 2 x f In.) 10 amp. contacts, 
4 pole c/o. 40p ea. P.P. 5p. 
240v. A.C. RELAYS. (Plug-in type). 3 change-over 10 amp. 
contacts. 75p (with base). P.P. Bp. 
P.A.R. BISTABLE RELAY (Latching) 24v. D.C. 4 c/o 
contacts 6Sp. P.P. Bp. 
SILICON BRIDGES. 100 P.I.V. 1 amp { x f x j in.) 30p. 
200 P.I.V. 2 amp. 60p. 
24 VOLT A.C. RELAYS (Plug-in). 
3 Pole Change-over 60p. 
2 Pole Change-over 4Ep. 
WE REGRET THAT ALL ORDERS VALUE UNDER £5 
MUST BE ACCOMPANIED BY REMITTANCE. 

PATTRICK&KINNIE 
191 LONDON ROAD 
ROMFORD 44473 

R0MF0RD • ESSEX 
RM7 900 
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W//klnsons R E LA VS :~o ~E 3000 

BUILT TO YOUR SPECIFICATION. 
HIGHEST QUAUTY AT COMPETI· 
TIVE PRICES WITH A QUICK OE­
LIVERY SERVICE. QUOTATIONS BY 
RETURN HOME AND OVERSEAS. 

~~ck"pf2 ~~:t.:t~~b~i~~~~115~'!~~~.~·e~~:'s~ 
This c:ompe~ct ratchet·dnven 3 ·1evel Un1sefector •s 
of uniQue do-sign and occupies no more spaee than 

~8·~;rd23~s'm~3A~~02'r~tlet 8 level 
non bridging wipers 300 ohms £14 ea. 11 level 

l ~~~giE8 ~~Y ~"n!'~~~n:~s~h~s ~~ !:: 
PRECISION PORTABLE VOLTMETER 0 to 160 volts AC/OC 8 inch scale in polished wood 
~s;) (~t~x~;~~ed ftep £10 each. Resistance supplied to extend range to 320 volts (scale reading 

N.S.F. LEDEX DC SOLENOID OPERATED WAFER SWITCHES 24 Pole 11 Way and Off 
commutating switch. cootinuou$ duty voltage 23.9 volts £15 each. 
54 Pole On/Off. 9 Wafers. continuous duty voltage 4 .77 volts £12 each. 
Accordjng to duW cycle. operatillg vohegos can be up to 3 times those given. 

MINIATURE biGITAL INDICATOR size of digits t inch illuminated by 28 volt midger 
flanged lamps. weight 3! ozs. reading 0 to 9 with. dec~mal points. quick discor,nect rear of 
unit for easv tamp replacement £450 ea. 

ALL BRITISH MOVING COI L RECTIFIER AC METERS 
2~SC"on~h Squ.ara £3-26 ea. mM~~~~p~d £475 ea. 

50 Vofts £3·25 ea. 200 Microamps £4-60 ea. 
100 Volts £3.25 ea. 500 Microamps £4.25 ea. 
200 Volts £3.25 ea. l O Milliamps £3·50 ea. 

~&"M~c~~~P~ound £4-25 ea . ~g ~~~= g:~ ::: 
200 M icroamps £4-00 ea . 50 Volts £3..75 ea. 
500 Micro~mps £4-00 ea. 100 Votts £3..75 ea . 
200 Volts £3.25 ea. 200 Volts £3.76 ea. 

VALVE SCREENING CANS B7G 1t inch lonl) 13.000 available sold in one lot only 2p oach . 

BRIDGE MEGGERS series 1. 1.000 volts range 0/100 meg-ohms/Infinity with resistance bOx 
£85. 
MINIATUREBUZZERSO HIGH SPEED COUNTERS £1·75 each 
f-12 volts. with 3!in.X1in, 10 counts pe~ second 

!~~1 ~~j~f~:~ SOp ~~\~:e~9a~~e~~~:b~~~~g~~, f~~.' · 
15peachfor lots of 100 24 v .. 50 v •. or 110 v. Auxoharycon· ~ 

· tact$. normally open, 40p extra. ~ 
SPECIAL OFFERS 

BERCO ROTARY STU b SWITCHES 3 Bank 3 Pol& 20 Way with control knob £4 each. 
ELCOM WINKLER SWITCHES3 Bank 12 Polo 2 Way£4each. 
ROOM THERMOSTAT Adjustable be\wee-n 45- 75 degrees F 10 amp 250 volt bakelite case 
with contro' knob £2 each. 
IMMERSION THEIIft'IOSTAT Adjustable between 70-1SO degrees F 20 amp 0 to 440 
\lolt 11 inch stem complete w ith one hole fixing sheath Satchwell £2 each. 
PUSH BUTTON UNIT Twin S.P.D.T. Red and Green Buttor~s in tno.wl frame ~ze 4~ i l'l. X 
2 in. X 2t in. £2 each. 

~:~c::,E~~~e" e:~.D~i~g:A~~~~Y~a~~~~i~ib~ef~rol~s~~~f~~ tbo~:n~~n&;;'~th~~~k~» 
g~~~;;;~ c~~e &)'~~:ae~~h. BANK OF 5 SW ITCHES ON/OFF 6 hole fixing, flush mounting 

PACK O~ONE EACH OF 8 SPECIAL OFFERS DESCRIBED A BOVE FOR ONLY£10 . 
All prices shown are cau iago paid UK only. but subje-ct w VAT at the standard rate. 
STOCKISTS OF All STUARTTURNER PUMPS. CENTRIFUGAL TYPES 10AND 12 AVAJlABI.f NOW. 

L. WILKI NSON {CROYDON) LTD .• LONGLEY HOUSE, 
LON GLEY RD .• CROYDON. CRO 3LH. Phone 01-684 0236. Grams: WILCO CROYDON 

\\-'W-066 FOR FURTHER DETAILS 

INSTRUMENTS 

BASIC. TV COURSE 
by George Kravitz £1 .50 

NEW SKILL-BUILDING 
TRANSISTOR PROJECTS AND 
EXPERIMENTS 
by Louis E. Gardner Jr. £1.45 

RADIO CONTROL HANDBOOK 
by Howard G. McEntee £1.90 

TRANSISTORS: THEORY AND 
PRACTICE 
by Rufus P. Turner £1.40 

WORKING WITH 
SEMICONDUCTORS 
by Albert C. W. Saunders £1 .50 

CASSETIE TAPE RECORDERS­
HOW THEY WORK-CARE & 
REPAIR 
by Walter Sa/m £11.60 

ELECTRONIC M EASUREMENTS 
SIMPLIFIED 
by Clayton Hallmark £1.70 

SOU D:STATE CIRCUITS 
GUIDEBOOK 
by Brice Ward £1.75 

a69 

10 MINUTE TEST TECHNIQUES 
FOR PC SERVICING 
by Art Margolis £1.60 

TV BENCH SERVICING 
TECHNIQUES 
by Art Margolis £1.65 

MINIATURE PROJECTS FOR 
ELECTRONIC HOBBYISTS 
by Ken W. Sessions Jr. £1.45 

FM STEREO/ QUAD RECEIVER 
SERVICING MANUAL 
by Joseph J. Carr £1 .55 

TROUBLESHOOTI NG SOLID· 
STATE WAVE GENERATING 
AND SHAPING CIRCUITS 
by Ben Gaddis £1.55 

THE 2 -METRE FM REPEATER 
CIRCUITS HANDBOOK 
by Ken W. Se.~sions £1.90 

PINPOINT TRANSISTOR 
TROUBLES IN 12 M INUTES 
by Louis E. Gardner J r. £2.50 

r.J'\DFOULSHAM-TAB LTD. 
\tY)YEOVIL ROAD. SLOUGH. BUCKS. 

J . BULL (ELEC'fRICAL) LTD. TERMS: Add 8% VAT. Send postage 
where quoted- other items. post free if 
order for these i tems is £6, otherwise 
add 30p. 

(Dept. W.W.) 
102/3, TAMWORTH ROAD. CROYDON CRO 1XX 
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t PRACTICAL PAPERBACKS 
f FROM 

^ FaULSHAM-TAB 
Wilkinsons 

RELAYS 
P.O. TYPE 3000 
AND 6O0 

BUILT TO YOUR SPECIFICATION. 
HIGHEST QUALITY AT COMPETI- 
TIVE PRICES WITH A QUICK DE- 
LIVERY SERVICE. QUOTATIONS BY 
RETURN HOME AND OVERSEAS. 
PO Ivpc MINIATURE UNISELECTOR including JACI< 12 outlet. 2 bridging 1 non-bridging wipers. This compact ratchet-driven 3-level Uniselector is of unique design and occupies no more space than a standard 3000-type Relay £8-50 each. PO type 2 UNISELECTORS all 25 outlet 8 level non bridging wipers 300 ohms £14 ea. 11 level 1 bridging 10 non bridging 65 ohms £17 ea. 4 pole 50 way all non bridging 75 ohms £11 ea. 

f.?FCI®,l91a PORTABLE VOLTMETER 0 to 160 volts AC/DC S Inch scale In polished wooti Resistance supplied to extend range to 320 volts (scale reading case with hinged flap £10 each. X 2) €1 extra' 

34 in. 100 N 

N.S.F. LEDEX DC SOLENOID OPERATED WAFER SWITCHES 24 Pole 11 Way and Off commutatmg switch, continuous duty voltage 23.9 volts £15 each. 
54 Pole On/Off. 9 Wafers, continuous duty voltage 4.77 volts £12 each. 
According to duty cycle, operating voltages can be up to 3 times those given. 
MINIATURE DIGITAL INDICATOR size of digits § inch illuminated by 28 volt midget 
flanged lamps, weight 3| ozs, reading 0 to 9 with, decimal points, quick disconnect rear of unit for easy lamp replacement £4-50 ea. 
ALL BRITISH MOVING COIL RECTIFIER AC METERS 

2 Inch flush square 20 Volts £3-25 ca. 50 Volts £3-25 ea. 100 Volts £3-25 ea. 200 Volts £3-25 ea. 24 inch flush round lOOMicroamps £4-25 ea. 200 Microamps £4-00 ea. 500 Microamps £4-00 ea. 200 Volts £3-25 ea. 
VALVE SCREENING CANS B7G lj inch long 13.000 available sold in one lot only 2p each. 
BRIDGE MEGGERS series 1. 1.000 volts ranee 0/100 meg—ohms/infinity with resistance bo* £85. 
MINIATURE BUZZERS ",GH SPEED COUNTERS £1 75 each 6-12 volts, with in 10 SSI'*'*". lone sdjiisloi 50p hi ""Mi figures. The following B.C. each as illus. I l volIages_are available 5 v„ 

i inch Hush round i Microamps 200 Microamps 500 Microamps 10 Milliamps 10 Volts 20 Volts 50 Volts 100 Volts 200 Volts 

£4-75 ea. £4-50 ea. £4-25 ea. £3 50 ea. £3 50 ea. £3-50 ea. £3-75 ea. £3-75 ea. £3-75 ca. 

15p each for lots of 100. 24 v.. 50 v.. 0' 110 v. Auxiliary c tacts, normally open. 40p extra a 
SPECIAL OFFERS 

BERCO ROTARY STUD SWITCHES 3 Bank 3 Pole 20 Way with conlrol knob £4 eash. 
ELCOM WINKLER SWITCHES 3 Bank 12 Pols 2 Way £4 each. 
ROOM THERMOSTAT Adjustable between 45 75 degrees F 10 amp 250 volt Dakelite case with control knob £2 each. 
IMMERSION THERMOSTAT Adjustable between /0-190 degrees F 20 amp 0 to 440 
volt 11 inch stem complete with one hole fixing sheath Satchwell £2 each. 
PUSH BUTTON UNIT Twin S.P.D.T. Red and Green Buttons in mctnl (tame size 41 in. x 2 in. X 21 in. £2 each. 
SWITCHES FOR MODEL RAILWAYS. ETC. Single Pole On/Off 4 hole fixing with locking device 50 pence each. Single Pole 3 Way. suitable for use as SP Change Over with Off position SO pence each.. BANK OF 5 SWITCHES ON-OFF 6 hole liking, flush mounting bakelite case 80 pence each. 
PACK OF ONE EACH OF 8 SPECIAL OFFERS DESCRIBED ABOVE FOB ONLY £10. All prices shown ate carriage paid UK only but subject to VAT at the standard rate. 

STOCKISTS Of ALL STUART TURNER PUMPS. CENTRIFUGAL TYPES 10 AND 12 AVAILABLE NOW L. WILKINSON ICROYDON) LTD., LONGLEY HOUSE, LONBLEY RD- CROYDON, CRO 3LH- Phone 01-684 0Z36. Grair.s: WILCO CROYDON 

BASIC TV COURSE 
by George Kravitz £1.50 

NEW SKILL-BUILDING 
TRANSISTOR PROJECTS AND 
EXPERIMENTS 
by Louis E. Gardner Jr. £1.45 

RADIO CONTROL HANDBOOK 
by Howard G. McEntee £1.90 

TRANSISTORS: THEORY AND 
PRACTICE 
by Rufus P. Turner £1.40 

WORKING WITH 
SEMICONDUCTORS 
by Albert C. W. Saunders £1.50 

CASSETTE TAPE RECORDERS- 
HOW THEY WORK—CARE & 
REPAIR 
by Walter Salm £1.60 

ELECTRONIC MEASUREMENTS 
SIMPLIFIED 
by Clayton Hallmark £1.70 

SOLID-STATE CIRCUITS 
GUIDEBOOK 
by Btice Ward £1.75 

10 MINUTE TEST TECHNIQUES 
FOR PC SERVICING 
by An Margotis £1.60 

TV BENCH SERVICING 
TECHNIQUES 
by Art Margolis £1 -65 

MINIATURE PROJECTS FOR 
ELECTRONIC HOBBYISTS 
by Ken W. Sessions Jr. £1.45 

FM STEREO/QUAD RECEIVER 
SERVICING MANUAL 
by Joseph J. Carr £1.55 

TROUBLESHOOTING SOLID- 
STATE WAVE GENERATING 
AND SHAPING CIRCUITS 
by Ben Gaddis £1.55 

THE 2-METRE FM REPEATER 
CIRCUITS HANDBOOK 
by Ken W. Sessions £1.90 

PINPOINT TRANSISTOR 
TROUBLES IN 12 MINUTES 
by Louis E. Gardner Jr. £2.50 

\j \ FOULSHAM-TAB LTD. 
F w YEOVIL ROAD. SLOUGH. BUCKS. 

WW—066 FOR FURTHER DETAILS 

INSTRUMENTS 
Not new but in good condition most believed 
in working order. Definitely repairable—any not 
so would be replaced or refunded. Offers invited 
for any or all of these instruments, 
Valve Voltmeter, Type 613C by Da we. 
Wave Analyser. Type 853 by Airmec. 
Noise Receiver. TF1225A by Marconi. 
Pulse Generator. 301A by Kasama. 
Decade Oscillator. D695Aby Muirhead. 
Stabilized Power Supply. R2030 by Edison. 
BFO. 1014 by Brueli & Kyoer, 
Phase Meters. D729 AM & D729 AS by Muir- 
head. 
Video Transmission Oscilloscope. PTC1205 
by Pye. 
Oscillator. C0546 by Solatron. 
Noise Generators. TFIIOB & 1226A & 1226B 
by Marconi. 
Crystal Calibrator. TF 7273A by Marconi. 
Static Megger. TM1739 by Marconi. 
Frequency Charger. Ref. 203 by Airmec. 
Inductance Bridge. TF301E by Marconi. 
Frequency & Time-Measuring Equipments. 
Ref, ISA 1035. ISA 3436 and TSA 836. all by 
Venner. 
Megometer. Ref. 350 by Myria. 
Valve Voltmeters. TF1041. TF428B/2 & 
TF428C, all by Marconi. 
Ditto. Ref. El3556 by Mullard. 
Sensitive Valve Voltmeters. TF1100 & 
TF1041/C by Marconi. V200A by Furzehill. 
RF Tuning Units. STU1A & STU2A by Polarad. 
Carrier Frequency Oscillators. 65296D & 
65642 byGEC. 
Inductance Comparator. 655665A by GEC. 
Laboratory Amplifier. Ref. AWS51A by Solatron. 
Band Stop Filter Unit. TM5774 by Marconi, 
Stop Frequency Generator. CTD 32343 by 
Marconi, 
Carrier Deviation Meter. TF791D by Marconi. 
Counter Timer. Ref. 34101 by Cintel. 
Delayed Sweep & Pulse Generator. 3352. 
Signal Generators. TF1058. TF867/2 & 
TF144H by Marconi. 
Chronotron. Model 25Aby Electronic Instruments. 
LF Oscillator. 652297B by GEC. 
Diode Tester Mark IV. EST1217 by Marconi. 
Electron Sweep Generators. E/C2 by Polarad. 

MULLARD UNILEX STEREO SYSTEM 
There is no doubt that it is a good system, we 
believe that for the money >t is without comparison. 
We demonstrate gladly at our Tamworlh Road 
depot. Prices of the individual items for this: 
1 Unilex Amplifier Ref. EP.9000C1.60 
1 Unilex Pre-Amp Ref. EP.900 I £1.80 
1 Unilex Power Unit Ref. EP.9002 £2.30 
1 Control panel kit with spun-aluminium-faced 
knobs £3.30. Or the complete outfit £11.30 
post paid. 
Pair of 15 ohm speakers made by EMI are also available if required, £3.30 
the pair. No extra postage if ordered with the above, otherwise add 25p. 

TANGENTIAL HEATER UNIT 
This heater unit is the very latest type, most efficient, and quiet running. Is as fitted in Hoover and blower heaters 
costing £15 and more. We have a few only. Comprises 
motor, impeller. 2kW element and IkW element allowing 
switching 1. 2 and 3kW and with thermal safety cut-out. 
Can be fitted into any metal line case or cabinet. Only 
needs control switch, £3.85. 2kW Model as above except 
2kW£2.7S. Don't missthis. Control Switch44p. P. & P. 40p. 

THIS MONTH'S SNIP 
SOUND TO LIGHT UNIT Add colojr or while light to your amplifier. 
Will operate 1. 2 or 3 lamps (maximum 450w). Unit in box all ready to work. 
£7.95 plus 95p VAT and postage. 

ISA ELECTRICAL PROGRAMMER 
Learn in your sleep: Have radio playing and kettle 
boiling as you awake—switch on lights to ward off 
intruders—have warm house to come home to. All 
these and many other things you can do it /ou invest 
in an electrical programmer. Clock by famous maker 
with 15-amp. on/off switch. Switch-on time can 
be set anywhere to stay on up to 6 hours. Independent 60-minute memory jogger. A beautiful 
unit. Price £2.15 + 20p p. & p. or with glass front 
chrome bezel 83p extra. 

DOB 

TAPE DECK 
In metal case with carrying handle, heavy fly wheel and 
capstan drive. Tape speed 3-J. Mains operated on metal 
platform with tape head and guide. Not new but guaranteed 
perfect. Price El .95 plus £1 post and insurance. 

J. BULL (ELECTRICAL) LTD. 
(Dept. W.W.) 

102/3, TAMWORTH ROAD, CROYDON CRO 1XX 

NEW ITEMS Car Cassette Power Kit. With a stabilized output of 6v. 9v or 12v. The kit comprises transistors. zBnsr diodo. resistors and condensers. 
Price £2.10. Suitable o'as'ic case 40p extra. Black Light as used in discotheques and for stage effacts, etc. Virtually no white light 
appears until the rdys impinge on luminous paint o' white shirts, etc. We offer 12" 8vv 
tubes complete with starter choke, lamp-holders and starter-holdor. Price £2.75 30o cost. 
Tubes only £2 — 30p post. 8kV Rectifiers. For replacements in colour 
TVs or lor experlmeniing with really high voltage for doubiers and triplers, etc. Famous maker. 45p each. Quantity prices available. 
IS-way Screen Cable. Suitable for oauipment wiring, multi-way telephone installations, etc. 
Each core has seven strands copper PVC insulated and colour coded differently from every 
other core. These are then laid together encased first by a metal screen and then grey PVC. Price 
30p metre or 10 metres £2.50. Touch Switch. This switch suitable lor up to 10 amps mains voltage. Stands up approximately 
4" rather like a joystick and no matter which direction it is pushed, it makes contact. Base 
size approximately 2}" X 2". Price 25p each. Light Switch. Automatically switches on 
lights at dusk and off at dawn Can also be 
used where light and dark is a convenient way to stop and start an operation. Requires only a pair of wires to the normal switch. In bakelite box, normal switch-plate size. 1 amp mode) £2.95. Meters. All flush mounting with chrome- 
plated surround. 0—2 amp 40p, 0-3 amp 4Sp, 0-4 amp 65p. 0-10 amp SBp. Rectifiers. All 24v full wave (bridge) with cooling fins. 2 amp 25p. 3-4 amp 85p. 5-7 amp £1.25. 
Constant-voltage Transformer. American- made 500w loading. Input voltage can be either 115 f or 20% or 220 + or - 20%. For 50 c.p.s. mains output 115v 50 c.p.s. A real 
quality transformer, probably cost well over El00. Not new but guaranteed perfect. Our price £45 plus carriage. 
AM/FM TUNER u„i. made by the American GEC company. 8-rran- sistor. all wired ready to work. Complete with tuner condense.*, needs only scale and pointer. Tunes AM range 540 to 1620 KHz. FM range 88 to 108 MHz. Switches (or on/off and AFC. Output (or MXP or direct. Special snip price 1-B plus 30o post. Three or mote post free. 

TERMS: Add 8% VAT. Send postage 
where quoted—other items, post free if 
order for these items is £6, otherwise 
add 30p. 
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P. F. RALFE 10 CHAPEL ST. LONDON NW1. 

Phone 01 -723 8753 

SIGNAL GENERATORS • MARCONI TF801D/ IS. 10-'480 mHz P.O.A. 
MARCONI TF801B/1S. 10-'480 mHz £ll5. 
MARCONI TFI44H IOkHz-72 mHz P.O.A. 
MARCONI TFI370 RC Oscillator IOkHz-IOmHz. Sine/Square. 
ROHDE & SCHWARZ SMAF (illustrated) AM/FM 4-300 mHz. 
ROHDE & SCHWARZ SMLR 15-30mHz power generator. P.O.A. 
RACAL/AIRMEC lOlA. 30kHz-30mHz. As new. P.O.A. 
ADVANCE SG21 VHF Square-wave generator 9kHz-100mHz. £lS • 

OSCILLOSCOPES 

• TEKTRONIX 555 (Late model) with two 'L' plug-
ins :Kid '21A' and '22A' plug-ins. 
TEKTRONIX 545A with CA unit. DC-30mHz. 
Price only £295·00, 
TETRONIX 531 DC-ISmHz with L type plug-in 
TETRONIX 535 DC-JSmHz with L typ3 plug-in 
ITT METRIX miniature portable scope. DC-IOmHz. Brand new. £50. 
NB: Due to the fragile nature of CRTs we regret that these oscillo-
scopes cannot be despatcht.d by post. Col lection only or del ivery 
could be arranged. 

MISCELLANEOUS TEST EQUIPMENT 
MARCONI TFI400S double 
secondary pulse unit. £105. 

pulse generator with TM6600/S 

MARCONI TF791D deviation 
deviation. 

meter. 4-102-4mHz. 0-IOOkHz 

MARCONI TFI342 low-capacitance 
Resistance 1-IOOOM.ohm. £85. 

bridge O·OOlpf-1,1 I I pf. 

ROHDE & SCHWARZ USVD calibrated receiver 280-4, 600mHz. 
ROHDE & SCHWARZ A.F. Wave Analyser type FTA 0-lOkHz 
plus log/lin AF meter incorporated. Excellent condition, 
ROHDE & SCHWARZ URV milli-voltmeter BNI0913 {late type) 
lmV-IOV. With 'T' type insertion unit, free probe and attenuator 
heads. I kHz-1,600mHz. £175. 
COSSOR 1453 True RMS milli-voltmeter. Excellent. £75. 
ADVANCE PG54 Pulse generator. AS NEW. 
SOLARTRON EMI006 production-line 
check-set. 0-ISMohm digital read-out. 

resistance tolerance 

AIRMEC TYPE 210 modulation meter. Excellent condition. 
WAYNE KERR 8521 LCR Bridge. Excellent condition. £55. 
EDDYSTONE 770R VHF Receiver covering 19-16SmHz. 
As mew. £125 

MUFFIN INSTRUMENT AVO VALVE TESTERS I 
FANS Brief-case type 160. Full workin& 
Dimensions 4·5 x 4·5 x 1·5 ins. condition throu&hout. £6$. 
Very ~ui ct runnins. precision fan 
special y desi&ned for coolin& AERIAL CHANGE/OVER RELAYS electronic equipment, ampliflcrs of current manuflc.ture designed upec· etc. For II OV. AC operation- ially for mobile equipments, coil voltage 
(practise is co run from split llv., frequency up to 250 MHzat 50 watu. 
primary of mains transformer or Small size only. l in. x i in. Offered use suitable mains dropper). CC brand new, boxed. Price (1·50, inc. P.&P. only II Watts. List price over £10 
each. Our price. in brand new RACAL/AIRMEC VHF/UHF Milll-
condition, is 1:3·50. voltmeter type 301A. Frequency 

ranee SOHz-900mHz. Voltage range 
POLARAD Model SAS4WA 300~tV-3V in eight ranges. Co-a><ial 

input SO and 75 ohms 8NC con· SPECTRUM ANALYSER nectors. DC Ranges 100)1V-IOV in IOMHz-63GHz. I.F. Markers. Spec- ten ranges. Li&ht·weight mains r;rum calibrator. Lo&/Lin sca1e. operated innrument in as new con· NB. This is not the instrument didon With handbooks. Other with the expensive TWT to makes of voltmeter also available replace. Supplied in full workin&, from stock. excellent condit ion. Guarantee. 

HEWLETT-PACKARD RF 
MANY TYPES ol RF plu&s and POWER METER 
sockeu in stoc-k:- Type H2A. Power range l~tW-

8NC plucs 500. lOp. 8NC se><:kets 
IOmW in 7 ran&es. Frequency 
range IOmHz.-IOGHz. Automuic 500. lSp. N. Type plu&s 500. SOp. zeroin&. With ~78A co-ax mounts Burndept plu&s. 40p. Burndopt and carrying- cue. In exc-ell ent sockeu. 40p. Miniature PYE. lOp. condit ion. 

Miniature sockets. lOp. 
HEWLETT PACKARD/ All conn actors are brand new. BOONTON TYPE 89008 Jmmediate delivery. Pl ease add Peak-power calibrator. Meuure:s appropriate postate. true peak power ::::-.6 db absolute, 
Frequency ranee S0-2000Mhz. RF 

DURATRAK VARIACS type IOOL. power ranee 200mW peak, f.,ll-
230V. AC Input . O·l30V. AC Output, at scale. RF Impedance so ohms. 
8 amps. Brand new units, tess control P.O.A. 
knobs. Price only £1$·00. Carriace £1. 
MINI HELIPOTS POLARAD MICROWAVE 
500 0 Beckman Linearity Tolerance RECEIVER 
0.075% (10 Turn). I K 0 Beckman Model •R• with tun ing unit type 

RMT. freq uency range -4.2GHz· Linearity Tolorance 0.25% (10 Turnl. 7.6SGHz. AM/FM. In working 200 Colvern CLR 26/63 10J9S (3 Turn. condition. Price £75. SKO Colvorn (10 Turn). 

PLEASE ADD 8% V.A.T. TO THE TOTAL AMOUNT 
WHEN ORDERING. INCORRECT AMOUNTS WILL 
CAUSE DELAY IN DESPATCH. THANK YOU. 
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Do_ you 
know anyone 
who may need 
EEIBNs he,p? 

The help provided by EEIBA takes many forms. 
Last year more than 800 people who are, or had 
been, employed in the electrical and electronics 
industries received urgently needed money 
totalling £94,000. 

It provid ed new homes in the EEIBA flats in 
Birmingham, an automatic invali d chair at the 
Lady Nelson Home, a new sewing machine for a 
d1sabled woman, a cooker for an elderly 
pensioner- and a brand new minicar as a prize 
for those contribut ing more funds for the 
continuation of EEIBA 's work. 

More important than any of these items was 
the friendship and reassurance g iven to people in 
need by the Association's voluntary workers all 
over the country. 

This active and growing benevo ent 
association helps people who are in need throug.., 
illness, d isability, accident or general hard limes. 
Many employers already know about EEIBA aPd 
support it generously. But we need the support o" 
many thousands of employees who can g ve 
small regular contributions. 

If you would like to rece1ve more details about 
EEIBA. or 1fyou know of any employee or 
former employee whom you feel should be helped 
by the Associat ion, please write straight away to 
Tom Killick, the Director and Secretary. 

IIJ 
The Electrical and Electron ics 
Industries Benevo lent Associat ion 
8Station Parade, Balham High Road, 
London SW129BH. 
Telephone : 01-6730131. 
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P. F. RALFE 
10 CHAPEL ST. LONDON NW1. 
Phone 01-723 8753 

SIGNAL GENERATORS 
MARCONI TF80ID/IS. 10-480 mHz P.O.A. 
MARCONI TF80IB/2S. 10-480 mHz £225. 
MARCONI TFI44H 10kHz—72 mHz P.O.A. 
MARCONI TFI370 RC Oscillator lOkHz-IOmHz. Sine/Square. 
ROHDE & SCHWARZ SMAF (illustrated) AM/FM 4-300 mHz. 
ROHDE & SCHWARZ SMLR l5-30mHz power generator. P.O.A. 
RACAL/AIRMEC 20IA. 30kHz-30mHz. As new. P.O.A. 
ADVANCE SG2I VHF Square-wave generator 9kHz-l00mHz. £25. 

OSCILLOSCOPES 
TEKTRONIX 555 (Late model) with two 'L' plug- 
ins and'21 A'and'22A'plug-ins. 
TEKTRONIX 545A with CA unit. DC-30mHz. 
Price only £295 00. 
TETRONIX 531 DC-l5mHz with L type plug-in 
TETRONIX 535 DC-ISmHz with L typo plug-in 
'TT METRIX miniature portable scope. DC-IOmHz. Brand new. £50. 
NB: Due to the fragile nature of CRTs we regret that these oscillo- 
scopes cannot be despatched by post. Collection only or delivery 
could be arranged. 

MISCELLANEOUS TEST EQUIPMENT 
pulse generator with TM6600/S 

meter. 4-l024mHz. O-IOOkHz 

bridge 0-002pf-1,111 pf. 

MARCONI TFI400S double 
secondary pulse unit. £105. 
MARCONI TF79ID deviation 
deviation. 
MARCONI TFI342 low-capacitance 
Resistance l-IOOOM.ohm. £85. 
ROHDE 8< SCHWARZ USVD calibrated receiver 280-4, 600mHz. 
ROHDE & SCHWARZ A.F. Wave Analyser type FTA 0-20kHz 
plus log/lin AF meter incorporated. Excellent condition, 
ROHDE & SCHWARZ URV milli-voltmeter BN10913 (late type) 
ImV-IOV. With 'T' type insertion unit, free probe and attenuator 
heads. IkHz-l,600mHz. £175. 
COSSOR 1453 True RMS milli-voltmeter. Excellent. £75. 
ADVANCE PG54 Pulse generator. AS NEW. 
SOLARTRON EMI006 production-line resistance tolerance 
check-set. 0-l5Mohm digital read-out. 
AIRMEC TYPE 210 modulation meter, Excellent condition. 
WAYNE KERR B52I LCR Bridge. Excellent condition. £55. 
EDDYSTONE 770R VHF Receiver covering l9-l65mHz. 
As mew. £|25 

MUFFIN INSTRUMENT 
FANS 
Dimensions 4-S x 4-5 x 1*5 ins. Very quiet running, precision fan 
specially designed for cooling 
electronic equipment, amplifiers 
etc. For 110V. AC operation— 
(practise is to run from split 
primary of mains transformer or 
use suitable mains dropper). CC 
only II Watts. List price over £10 
each. Our price, in brand new 
condition, is £3-50. 

AVO VALVE TESTERS 
Brief-case type 160. Full working 
condition throughout. £65. 

AERIAL CHANGE/OVER RELAYS 
of current manufacture designed espec- 
ially for mobile equipments, coil voltage 
12v., frequency up to 250 MHz at 50 watts. 
Small size only. 2 in. X j in. Offered 
brand new, boxed. Price £1 -50, inc. P.&P. 

POLARAD Model SA84WA 
SPECTRUM ANALYSER 
I0MH2-63GHz. I.F. Markers. Spec- 
trum calibrator. Log/Lin scale. 
NB. This is not the instrument 
with the expensive TWT to 
replace. Supplied in full working, 
excellent condition. Guarantee. 

RACAL/AIRMEC VHF/UHF Milll- 
voltmeter type 301 A. Frequency 
range 50Hz-900mHz, Voltage range 
300nV-3V in eight ranges. Co-axial 
input 50 and 75 ohms BNC con- 
nectors. DC Ranges lOO^iV-lOV in 
ten ranges. Light-weight mains 
operated instrument in as new con- 
dition with handbooks. Other 
makes of voltmeter also available 
from stock. 

MANY TYPES of RF plugs and 
sockets in stock:— 
BNC plugs 50n. 30p. BNC sockets 
5012. 25p. N. Type plugs SOQ. 50p. Burndepc plugs, 40p. Burndept 
sockets. 40p. Miniature PYE. 20p. 
Miniature sockets. 20p. 
All connectors are brand new. 
Immediate delivery. Please add 
appropriate postage. 

DURATRAK VARIACS type I00L. 
230V. AC Input. 0-230V. AC Output, at 8 amps, Brand new units, less control 
knobs. Price only £15-00. Carriage £1. 
MINI HELIPOTS 
500Beckman Linearity Tolerance 
0.075% (10 Turn). IK £2 Beckman 
Linearity Tolerance 0,25% (10 Turn). 
20£2 Colvern CLR 26/6310/9S (3 Turn). 
5K£2 Colvern (10 Turn). 

HEWLETT-PACKARD RF 
POWER METER 
Type 432A. Power range IpW- 
lOmW in 7 ranges. Frequency 
range lOmHz-IOGHz. Automatic 
zeroing. With 478A co-ax mounts 
and carrying case. In excellent 
condition. 
HEWLETT PACKARD/ 
BOONTON TYPE 8900B 
Peak-power calibrator. Measures 
true peak power i.6 db absolute. 
Frequency range 50-2000Mhz. RF 
power range 200mW peak, full- 
scale. RF Impedance 50 ohms. 
P.O.A. 

POLARAD MICROWAVE 
RECEIVER 
Model 'R' with tuning unit type 
RMT. Frequency range 4.2GHz- 
7.65GHz. AM/FM. In working 
condition. Price £75. 

PLEASE ADD 8% V.A.T. TO THE TOTAL AMOUNT 
WHEN ORDERING. INCORRECT AMOUNTS WILL 
CAUSE DELAY IN DESPATCH. THANK YOU. 

®o 
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Do you 

know anyone 

who may need 

EElBA's help? 

The help provided by EEIBA takes many forms. 
Last year more than 800 people who are, or had 
been, employed in the electrical and electronics 
industries received urgently needed money 
total ling £94,000. 

It provided new homes in the EEIBA fiats in 
Birmingham, an automatic invalid chairatthe 
Lady Nelson Home, a new sewing machine for a 
disabled woman, a cookenoran elderly 
pensioner—and a brand new minicarasaprlze 
for those contributing more funds for the 
continuation of EElBA's work. 

More important than any of these items was 
the friendship and reassurance given to people in 
need by the Association's voluntary workers all 
over the country. 

Thisactiveand growing benevo'ent 
association helps people who are in need through 
illness, disability, accidentorgeneral hard times. 
Many employers already know about EEIBA and 
support it generously. But we need the support of 
many thousands of employees who can g ive 
small regular contributions. 

If you would I ike to receive more cetailsaboui 
EEIBA, or if you know of any employee or 
former employee whom you feel should be helped 
by the Association, o lease write straight away to 
Tom Killick, ihe Directorand Secretary. 

EE 

The Electrical and Electronics 
Industries Benevolent Association 
SStation Parade, Balham High Road, 
London SW129BH. 
Teiephone:01 -6730131, 

''^josl'ss 
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TO-DAY'S BEST VALUES IN QUALITY 
AND SERVICE IN COMPONENTS 

EVERYTHING BRAND NEW AND TO SPEC * GOOD DISCOUNTS* FREE POSTAG-E (U.K.) 
POTENTIOMETERS 

ROTARY. CARBON TRACK. Double wipers lor gO()d 
conwcc and /ol)g working life 
P.20 SINGLE linear 100ohm s to 2 ·2 megohm s ea. 14p 
P.20 StNGLE log. 4·7Kohms to 2·2megohms ea. 141» 
JP.20 DUAL GANG lin . 4·7Kohm$ to 2·2megohms ea. 48p 

~~jg 0o0u~LG~~~d,O~j·:~tfi~~51Ql'~2~~~h7~~ 1 ~=9~ 
ont~· ea.~ 

J P .20 DUAl GAN G antilog l OK only 48p 
2A OP mains switch fo r any of above 14p extra . 
Decades of 10 . 22 (md 47 only a"aifable in ranges above. 
SketetOfl Carbon Presets' Type PR. horiz.ontal or vertic.al 
6peach. 

SLIDER 
NEW STEREO SLIDERS 
Matchod.trocks. Typo PG58ST. U n of log 
from 47K 1o 1 meg 60p 

linear or log. 4 ·1K to 1 me'!). i1l ~~~ popular valves ea. 30p 
Sl NG LE TRACK 

E~~~::;r~~~tf~~bTkiv~~aJr~ctfv~it~~r~~~~~ .. 3:~~r-ovllt grey e:·3~~: 

CAPACITORS 
POLYESTER C.21!0 

Radial leads for P.C.B. mounti ng. Working voiUJIJC 250V d. c. 
0·0 1' 0·0 1 s. 0·022, 0·033. 0·04 7 • • . 3p 
0·068. 0·1, 0.15 ••. 4p 
0·22. Sp; 0·33. 7p; 0·47, 8p: 0·68. 11p; 1·0, 14p: 1·5, 21p: 
2·2. 24p 

TANTALUM BEAD 
0·1, 022. 047 , 1·0 mF/35V, 1·5/20V e a. 14p 
2·2/16V. 2·2/35V. 4·7/ 16V. 10/6·3V ea. 14p 
4·7/35V. 10/ 16V. 22/6·3V ea. 18p 
10/25V. 22/ 16V. 47i 6·3V. 100/3V. 6·8/<! SV. 15/25V ea. 20p 

POLVCA RBONATE 
Type 632540 Working Voftage-250V d.c. 
Volucs in mF: 0·0047: 0·0068: 0·0082 ; 0·1 ; 0.012: 
0·0 15 ••. 3p 
0018: 0·02:1: 0·027 : 0 ·033: 0·039: 0·047; 0·056 : 0·068: 
0.082: 0· 1 ••. 4p 

Wo(king voltag_e 1 OOV d.c. 
0. 1: 0.12; 0 .15 4p:0.18 Sp; 0 .22 
0 .27 7p; 0.33 8p; Oc39 : 0.4 7 
0.56 12p: 0.68 

SILVERED MICA 
Wotkir)q vo/UJ{/9 500V d. c. 

¥~~ '1~t~~·:2 ~886°J~:3~i8(?e~op~ 2100. 
4700, 5000 15p: 6800 20p: 8200, 10.000 25p 

CERAMIC OISC 

= 13p 

ea . 6p 
3600 12p; 

100QpF/500. 2000/500. 5000/500. O·Oi mf/ 50, 0 ·02mf / 50. 
0·1 mF/3 - each 2p; 0·05mF/50V- 3p 

CERAMIC PLATE 
In a ranHe of 26 v.:tluas from 22 to 6800pF/ 50V d.c .. 
ee~ch 2p 

ZENER DIODES 
Full ra nge E24 values: 400m'vV: 2 ·7V to 3SV, 14p eoch : 

~6'v{, 67~5'{, t~ ~~~-si~~ ltf~~~ ~~·;r~~~·17·¥~~rZt~~g ~!f !~;~s 
(tYPe 266Ft 5p. 
20W 7 ·5V to 7 5V 69·p each 

VEROBOARD 
Copper clad 0·1 matrix-2·5 X 3 ·75 ins. 27p: 3·75 X 3 ·75 
ins.-30p; 2·5 X 5 ins.- 30p: 3·75 X S ins.-33p. Copper 
clad 0·15 in . matrix 2·5 X 3·75in.s.- 20p: 3·75 X 3·75ins.-
30p: 2·5 x 5 ins.- 30p; 3·75 X 5 ins.- 38p. 
V~ro spot face C1.1tte r (any matrix) 43p. 
0·040 pins (for 0·1 matrix) per 1 00- 3Sp. 
0·052 pins (fol' 0·1 5 rnatrix) per 1 00-36Q. 

MINITRON DIGITAL INDICATORS 
301&F Seven s.e~ment filament . co mpatible with stande~rd 
'fai~~~tl.cs. o- and decimal point: 9mm charactt'~.dg 
Suitablo BCD decooer driver 7447 £1·15 
3015G showing + or - & l & dec. pt. £1 ·20 

LEOS ll ight Emitting Diodes! 
Photo Cells, eoch 

DISCOUNTS 
Available on all i terns e"'cept 
~hose shown wiUl N ETT 
PRICES 10% o n ¢rders f rom 
C5 to (1 4·99. 15% on o rders 
£ 15 aJld over. 

Dev t VVVV9 

25p 
40p 

THE BEST 100TRANSiSTORS 
Taken from our catalogue 7 

2N 1307 47p A F200U 70p 80135 3 7p 
2N2646 51p Af239 &Op 60 136 39p 
2N3053 28p 81906 36p BOY20 83p 
2N3054 60p BA138 31p 8F194 18p 
2N3055 80p 8 8 103 24p 8 FR39 23!> 
2N3702 11p 88105 34p BFR79 23!> 
2N3703 lOp 88109 18p BFX29 33p 
2N3 704 1tp BCI 07A 15p BFX84 27p 
2N3705 10p BC1078 15p 8FY51 23p 
2N3794 18p BC1088 14p BRY39 45p 
2N3819 25p 8C108C 14p BY164 51p 
2N 4062 11p BC109B 18p C10681 42p 
2N4443 93p 8C109C 18p C1060 1 62p 
2 NS062 ~ 

BC 147A 12p C1 40 6 78p 
2N 5 163 8C1478 13p MJ 481 £1·20 
2N 5459 32p BC148B 12p MJ491 £1·35 
40361 48p 8C149C 14p MJ2955 SOp 
40362 :: ggms 15p MJE371 89p 
40 602. 15p MJE521 81p 
40636 £1 ·36 BC1678 13p MJE2955 £1·12. 
40669 £1·10 8C168B 12p MJE3055 68p 
AC! 28 17p BC169B 1·2p OA91 6p 
AC151R 23p BC169C 13p S04 Sp 
AC153 27p 8C1 79B 26p TIP31A 70p 
AC153K 37p BC182L 26p TIP32A SOp 
AC1 76 24p BC 184L 26p TIP4 1A SOp 
AC176K 38p BC2 12L 12p TIP42A £1·00 
AC187K 31p BC21 4L 14p W02 30p 
AC188K 29p BC257A 14p ZTX300 14p 
A0133 £1·92 8C2S98 14p ZTX304 23p 
AD136 £1·11 BC758 30p ZTX500 14p 
AD149 65p 8 0130 90p ZTX504 45p 
A0 161 42p 801 3 1 48p 
AD162 40p 80 132 52.p 

HUNDREDS MORE IN CATALOGUE 7 

RESISTORS 
Code Waas Ohms 1 to .9 10 to 99 100 up 

(see note l>e•ow) 
c 1/3 4·7-470K 1·3 1·1 0·9 nett 
c 1/2 4·7-I OM 1·3 1·1 0·9 O(ltt 
c 3/4 4·7~10M 1·5 1·2 0 ·97 f'ICtl 
c 1 4·7- 10M 32 2·5 1·92 nett 
MO 1/2 H) - 1M 4 3·3 2·3 nett 
ww 1 0·4l~1·9<l 11 10 s 
ww 3 1-10K 9 s 6 
ww 7 1- I OK 11 10 8 

Codes: 
C - c.elfbOI'I 1ihn. high stability. low noise. 
M O = metal oxide. Elcctrosil TRS. uh(3 ~ow o-oise. 
WW = wire wound. Plessey. 

m~·~ b. A~12.E; ~- ·~~~P22 C 2~"'! ':33C j~~ 4 7~s'A~/t'i 
aod their dec-ades. 

E24 : as E12 plus 1 1. 13 , I S. 20. 24 
62, 7 S. 9 1 and their decades. 

30. 36. 43. 51 , 

Tolerances: 
5% except W \N 10% = 0·0 50 below 100 and M 0 } W 2%. 
P·riees at"e in penco each for quantitie$ of the same 
ohmie value and power rating. NOT mixed values. 
(Ignore f racdom of one penny on total value of 
resistor order.t Prices for 100 up in uni1$ of 100 only. 

ELECTROLYTIC CAPACITORS 
Axial Lead 
qf 3V 6·3V IOV 16V 25V 40V 63V 100V 
Q-47 - - - - - - 11p SlJ 
1·0 - - - - - 11p -

= 2·2 - - - - 11p - Sp 
4·7 - - - 11p - 8p 9p 8p 
10 - - - - Sp 9p Sp Sp 
22 - - Sp - 9p Sp 8p 10p 
47 Sp - 9p Sp 8p Sp lOp 13p 
100 9p 8p 8p Sp 9p tOp 12p 19p 
220 Sp SlJ 9p 10p 10p 11p 17p 28p 
470 9p 10p lOp 11p 13p 17p 24p 4Sp 
1.000 11p 13p 13p 17p 20p 25p 41p -
2.200 15p 1Sp 23p 26p 37p 41p - -
4 .700 28p 30p 39p 44p 58p - - -
10.000 42p 46p - - - - -

.JACKS AND PLUGS 
SOCKETS 
2 circuit unswitched S l /SS 12p 
2 circuit 2 bteak contacts S1i B8 15p 
3 circuit unswhchcd (Not GPO) 53/ SSS 17p 
3 circuit w ith 3 break contacts S3/8BB 20p 
2 citcuit with chrome nut and 1>1aclJwhite/red lgr.een 0 1 grey 
unswitched 55/SS 16p 
with 2 break contacts SS/88 20p 
Miniaturo 3 .5rnm 2 circu it, iblack) 2 break con tacts S6/ 8B 9p 

PLUGS 
2 circuit sccconed top emry P 1 24p 
side entry SEP1 36p 
line socket mono 231 40p 
lin-e socket stereo 244 ' 45p 

~ ~:~~~t~ .uun~~~ec~~~d.b~fac%t9~~{;?,!~~~:c~grccn/g(ey P·2 = 
3 cir-cuit screen top cnuy P3 53p 
side entry SEP3 5Sp 
Mioiature 3 ·5mm 2 circuit scrCCfled PS 13p 
Miniatu(e 3·5mm 2 cirouit unscrCOfled various colours P6 10p 

DIN CONNECTORS 
2 way loudspeaker 
3wayaudio 
5 way audio 180° 
5 way audio 240° 
6wayaudio 

S-DEC 

Soc:ket 10p 
SO<:ket lOp 
Socket 12p 
Socket 12,p 
Socket 13p 

Plug 12p 
Plug 12p 
Pl-ug 15p 
Plug 15p 
Plug 15p 

Unsurpassed for " breadl.lo.ard wofk" ca n be u sed indefin itely 
without d eterioration . Comoonents iust p\lsh into pluo holes 
andeonncc~ 3Vto matically. Slo t forcont,ol p3neJ. 70holes £1 ·98 

T-DEC 
For more advanced work w ith 208 comacts in38 rows. Will take 
one 161ead carriQr. f3·63. (Ca(fiecs suppliedseparately. ~ 

COVERS & HEATSINKS 
Many rypes.includino: 
T03 TtansistOI'COver. clip-on 7p 
HEATSINK 
Type 6WI Extruded aluminium 1° C/W. undrillad 60p 
d riiiP.d 2 X T03 18p 

ANTE X soldering irons 
CN340 £1·95 Spare bits 
CCN240 £2·-30 Spare bit·s 

DESOLDER BRAID 
6 fts'!rip 

WAVECHANGE SWITCHES 
1 pole 12 way: 2 pole 6 way 
3 pole 4 way: 4 pole 3 w ay 
TAG STRIP 28 way 

NUTS, SCREWS, ETC. 
In lots of 100 each 
4BA NUTS 28!>: 

it~r!!d~~r~iU!(~~'BA. t " hexagonal 
Plain spaeors: ~ft round 
Other sizes availab!e 

32p 
40p 

66p 

each 29p 
1 1p 

6BA NUTS 2Bp 
t " 68A Scrows 24p 

£1 ·68 
£1·12 

ENAMEL COPPER WIRE in 2 ounce reels 
16. 18, 20. 22 SWG 34p: 24. 26. 28. 30 SWG 40p 
32. 34 46p: 36. 38. 40 Sp 

MAGNETO RESISTORS • FERRITES • 
U OUID CRYSTAl DISPLAYS • TOU CH 

SWITCH ES eSPECIAL I.Cs 

YOU NEED CAT SEVEN 
Second printing !green and yellow co vers) of Ele'ctrovalue 
Catalogue 7- 11 2 paoes-tho tisands o f items- components. 
accessories. materials. tools. Well illustrated and dctoiled 
information. 25p -post free with spending voucher w orth 25p 
on orders £5 list value. or m ore. 

Please eddr.t!SS all co mmunications, m;,i/•ordets, ere .• to 
h1J1Jcl office ill Englefield Green and include SAE for lirsr 
anqvfrilJs ;)eeding a Wl'ifze,~ answer. 

QUALITY GUARANTEE 

FREE PACKING 
AND POSTAGE 
in U.K. tor pre ·p.airl mait orders. 
Fo r mail o rders fo r £2 list value 
and under there is an DdditioMI 
hen!!ling ch3rge -of 1 Op. Overseas 
otdcrs- earriage cha~ged at cost. 

28, ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHB 
Telephone Egham 3603. Telex 2644 75 Shop hours: 9- 5.30 daily, 9-1 pm Sats. 
NORTHERN BRANCH : 680, Burnage Lane, Burnage, Manchester M191NA 
Telephone (061) 432 4945 

All goods are sold on the undor· 
standing that they confoun to 
ma,,u faclu•e fa' specifications &lld 
:satisfaction is guarameed as 
St iCh- no rejects. 'seconds' or 
sub·Standard merchandise is 
offCfCd for sole. 
Prices quoted do nat i'nc ludc 
V.A. T. for which 8 % IYIU$l b 8 
<Jdded l o total nett vaiue Qf 

order. Ev~ry effort is m(lde fO 
ens1He the correctnes$ of 
in form atior: 8ttd prices at time of 
goiog l O p res!i. Prlcv!> subject 
to a!terarion without notice. 

GIRO A!C No. 38/671/4002 

Shop hours : Daily 9-1 and 2- 5. 30pm; 9- 7 pm Sats. 
U.S.A. CUSTOMERS nre invited to contact ELECTROVALUE AMERICA. P.O. Box 27, 
Swarthmore P 19081. 
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ELEGTROVALUE 

fyOjS&Wy \ TO-DAY'S BESTVALUES IN QUALITY 

  — AND SERVICE IN COMPONENTS 

EVERYTHING BRAND NEW AND TO SPEC ★ GOOD DISCOUNTS ★ FREE POSTAGE (U.K.) 

POTENTIOMETERS 
ROTARY, CARBON TRACK. Doub/a wipers for good co mac I and long working life P.20 SINGLE linear lOOohms to 2-2megohms ea. 14p P.20 SINGLE log. 4-7Kohms to 2-2meBohins ea. 14p JP.20 DUAL GANG lin. 4-7Kohm5 to 2-2m8gohms ea. 48p JP.20 DUAL GANG log. 4.7Kohms to 2-2mesoh.ns sa. 48p JP.20 DUAL GANG IcpgAnfiloo 10K. 22K. 47K. I megohn! only ea. 4ep JP.20 DUAL GANG antilog 10K only 48p 2A DP mains switch for any of above 14p extra. Decades of 10, 22 and 47 only available in ranges above. Skeleton Carbon Presets Type PR. horizontal or vertical Bp each. 
SLIDER NEW STEREO SLIDERS Matched tracks. Type PG58ST. Lin of log from 47K to 1 meg 60p 

Linear or log. 4.7K to 1 meg. in all popular values ea. 30p SINGLE TRACK 
Escutcheon oiates, black, white or light grey ea. lOp Control knobs blk'wht/recl'yei/grn/blue/dk. grey It grey ea. 7p 

CAPACITORS 
POLYESTER C.280 
Radial leads for P.C.B. mounting. Working, voltage 250V d.c. 0 01. 0-015, 0 022. 0 033. 0 047 ea. 3p 0-068. 0-1,0-15 ea. 4p 0-22 5p; 0-33. 7p; 0.47. 8p: 0-68. lip; 1-0. 14p: 1 5.2lp: 2-2 24p 

TANTALUM BEAD 0-1. 0-22. 0-47. 1-0 mF/35V, 1.5/20V ea. 14p 2-2/16V, 2.2/35V, 4-7/16V. 10/6-3V ea. 14p 4-7/35V. 10/16V. 22/6-3V ea. 18p 10/25V, 22/16V, 47/6-3V. 100/3V. 6-8/25V, 15/25V ea. 20p 
POLYCARBONATE Type 832540 Working Voltage—250V d.c. 
Values in mF: 0-0047: 0-0068; 0-0082; O-l; 0-012; 0-015 ea. 3p 0-018: 0022; 0027; 0033: 0 039: 0-047; 0-056: 0 068: 0-082:0-1 ea.4p 
Working voltage 100V d.c, 0.1; 0,12: 0-15 4p: 0.18 5p; 0.22 0.27 7p; 0.33 8p: 0.39: 0.47 0.56 12p; 0.68 

6P 9p 13p 
SILVERED MICA Working voltage 500V d. c. Values in pFs -2-2 to 820 in 32 stages ea. 6p '000. 1500 7p; 1800 8p; 2200 lOp. 2700. 3600 12p: 4700. 5000 I5p: 6800 20p: 8200 10.000 25p 
CERAMIC DISC 'O0fipF/500. 2000/500. 5000/500. O-OlmF/50. O-O2mF/50, 0-1mF/3 each 2p; 0 05mF/50V 3p 
CERAMIC PLATE In a range of 26 values from 22 to 6800pF/50V d.c., each 2p 

ZENER DIODES Full 'enge E24 values: 400mW: 2-7V to 36V. 14p each; 
1W: 6-8V to 82V, 21 p each: 1-5W: 4-7V to 75V, 67p each, 20W 7-5V to 75V Clip to increase 1-5W rating to 3 watts (type 266FI, Bp, 
20W 7-5V to 75V BSp each 
VEROBOARD Copper clad 0-1 matrix—2-5 X 3-75 ins. 27p: 3-75 X 3-75 ins.—30p; 2-5 X 5 ins.—30p; 3-75 X S ins.—33p. Copper clad 0-15 in. matrix 2-5 X 3-75 ins. 20p: 3-75 X 3-75 ins. 30p; 2-5 x 5 ins. -3pp; 3-75 X 5 ins.—36p. Vero spot face cutter (any matrix) 43p. 0 040 pins (for 0-1 matrix) per 100—3Sp. 0-052 pins Kor 0-15 matrix) per 100 3Bp. 
MINITRON DIGITAL INDICATORS 301BF Seven segment filament, compatible with standard logic modules. 0 9 and decimal point: 9mm characters in 16 lead DIL. £1-20 Suitable BCD decoder driver 7447 £1-15 3015G showing + or - & 1 & dec. pi. €1-20 
LEDS ILight Emitting Diodesl Z5p 
Photo Cells, each 40p 

THE BEST 100TRANSISTORS Taken from our catalogue 7 
2N1307 47p AF200U 70p 80135 37p 
2N2646 51 p AF238 60p BD136 39p 
2N3053 26p B1906 36p 3DY20 83p 
2N3C54 60p 8A138 31p BF194 15p 
2N3055 60p BB103 24p BFR39 23p 2N3702 Hp BB105 34p BFR79 23p 2N3703 lOp 3B109 18p BFX29 33p 
2N3704 Hp BC107A 15p BFX84 27p 
2N3705 lOp 3C1078 15p BFY51 23p 2N3794 18p BC108B 14p BRy39 45p 
2N3819 25p BC108C 11? BY164 51p 

2N4062 up BC109B 18p C106B1 42p 
2N4443 93p BC109C ISp C106D1 62p 
2N5062 42p BC147A 12p C1406 78p 
2N5163 20p BC147B 13p MJ4ai £1-20 
2N5459 32p BCI48B 12p MJ491 £1 35 
40361 4Sp BC149C 14p MJ2955 80p 
40362 44 p BC158B 15p MJE371 89 p 
40602 46p BC159 ISp MJE521 81 p 
40636 £1-36 BC167B 13p MJE2955 £1-12 40669 £1 10 BC168B 12p MJE3055 68p AC128 17p BC169B 12p 0A91 6p AC151R 23p BC169C 13p SD4 8p AC153 27p BC179B 26p TIP31A 70p AC153K 37p BC182L 26p TIP32A 80p 
AC 176 24p BC184L 26p TIP41A 80p 
AC176K 38p BC212L 7IP42A £1 00 
AC187K 31p BC214L 14p W02 30p AC188K 29p BC257A 1Ap 2TX300 1Ap AD133 £1 92 BC2598 14p ZTX304 23p 
AD 136 £111 BC758 30p ZTX500 14p 
AD 149 65p BD130 90p ZTX504 45p AD161 42p BD131 4ap AD162 40p B0132 52p 

HUNDREDS MORE IN CATALOGUE 7 

RESISTORS 
Code Walts Ohms 1 to 9 10 to 99 100 up see note below) 
C 1/3 4-7—470K 1-3 1-1 0-9 nett C 1/2 4-7-1OM 13 1-1 0-9 net; 
C 3/4 4-7 10M 15 1-2 0-97 nett 
c 1 4-7-10M 32 2-5 1 92 nett 
MO 1/2 10-1 M 4 33 2-3 nett WW 1 0-22-3-9O 11 10 8 WW 3 1-10K 9 8 6 WW 7 1-10K 11 10 8 Codes: C carbon film, high stability, low noise. MO = metal oxide. Electrosil TR5. ultra low noise. ' WW = wire wound. Plessey. 

Values: AH E12 except C iW. C iW. and MO 4W. E12: 10. 12. 15. 18.22.27.33.39.47. 56.68.82 and their decades. E24: as £12 plus 11. 13. 16. 20. 24 30. 36 43. 51. 62, 75. 91 and their decades. Tolerances; 5% except WW 10% ± 0 050 below 100 and MO j W 2%. Prices a«e in pence each for quantities of the same ohmic value and power rating. NOT mixed values. (Ignore fractions of one penny on total value of resistor order.) Prices for 100 up in units of 100 only. 

ELECTROLYTIC CAPACITORS Axial Lead 
<7^ 3V B-3V 10V 16V 25V 40V 63V 100V 0-47 Hp Bp 1-0 Hp Bp 2-2 — — — — Hp 8p 9p 4-7 — — — HP BP Bp 8p 10 — — 

8p -— 8p 9p Bp 8p 22 — — 9p 8p 8p lOp 47 8p — 9p Sp Sp flp 'Op 13p 100 9p 8p 8p 8p 9p 10p 12p 19p 220 Sp Sp 9p lOp lOp Up l7p 28p 470 9p 10p lOp Hp ISp Hp 24p 45p 1.000 IIP 13p 17p 20p 2Sp 41 p 2.200 15p 18p 23p 26p 37p 41 p — 4.700 26p 30p 39p 44p 58 p — — 10.000 42p 46p — — — — 

JACKS AND PLUGS SOCKETS 
2 circuit unswrtched S1 /SS 12p 2 circuit 2 break contacts Si/BB 15p 3 circuit unswitchcd (Not GPO) S3/SSS 17p 3 circuit v/ith 3 break contacts S3/8BB 20p 2 circuit with chrome nut and black/wnite/red/green or grey unswifched S5/SS 16p with 2 break contacts S5/BB 20p Miniaturo 3.5mm 2 circuit, (black) 2 break contacts S6/BB 9p 

PLUGS 2 circuit screened top entry PI side entry SEP1 Line socket mono 231 Line socket stereo 244 

24p 36p 40p 45p 46p 3 circuit unscreened, black/grey/white P4 46p 2 circuit, unscreened. black-'whiTe/red/black/grecn/grey P2 18p 3 circuit screen top entry P3 53p side entry SEP3 55p Miniature 3-5mm 2 circuit screened P5 13p Miniature 3-5mm 2 circuit unscreened various colours P6 lOp 

INSULATED SCREW TERMINALS In moulded polypropylene with nickel plate on brass. With insulating sat, washers tag and nuts. 15A'250V blBck/brown-'red'yeHow/Broen'blue/grev/white. Type TP. I 
DIN CONNECTORS 2 way loudspeaker 3 way eudio 5 way audio 180^ 5 way audio 240° 6 way audio 

Socket lOp Socket 10p Socket 12p Socket 12p Socket 13p 

ee. 14p 

Plug 1Zp Plug 12p Plug 1 5p Plug 15p Plug 15p 
S-DEC Unsurpassed for "breadboard work" can be used indefinitely without deterioration. Components just oush into plug holes andconncctautomatically. Slot for control panel-TOholes £1-98 
T-OEC For more advanced work with 208 contacts tn 38 rows. Will take one 16 leadcarrier. £3-63. (Carrierssuppliedseparatety) 
COVERS & HEATSINKS Many types including: T03 Transistor cover, clip-on HEATSINK "ypc 6WI Extruded aluminium 1° C,-W. i drilled 2 X T03 
ANTEX soldering irons 
CN340 £1-96 Spare bits CCN240 £2-30 Spare bits 

DESOLDERBRAID 6 ft strip 

WAVECHANGE SWITCHES 1 pole 12 way: 2 pole 6 way 3 pole 4 way: 4 pole 3 way TAG STRIP 28 way 

NUTS, SCREWS, ETC. In iots of 100 each 43A NUTS 28p: 4B Screws 28p: threaded pillars 6BA. •J" hexagonal Plain spacers round Other sizes available 

7p 
60p 78p 

32p AOp 

each 29p 
Hp 

6BA NUTS 28p i" 6BA Screws24j» 
£1-12 

ALUMINIUM BOXES 5 sided + lid (or base) X Hi" X H" high. 4" X 4" X 1 }" high. 4- X SJ* X H" high, 4'' x 21" x 2" high, each 43p. 3' X 3" X r high 3ap: 4" X 51" X U" high 48p. 6" X 4" x 2" high 60p; 5" X 3 J" X ZJ" high 52p 

ENAMEL COPPER WIRE in 2 ounce reels 18. 18. 20. 22 SWG 3Ap; 24. 26. 28. 30 SWG 40p 32. 34 46p: 36, 38. 40 5p 

MAGNETO RESISTORS • FERRITES • LIQUID CRYSTAL DISPLAYS • TOUCH SWITCHES • SPECIAL I.Cs 

YOU NEED CA T SEVEN 
Second printing [green and yellow covers) of Electrovalue Catalogue 7—112 pages—thousands of items—components, accessories, materials, tools. Well illustrated and detailed information. 25p post tree with spending voucher worth 25p on orders £5 list value or more. 

DISCOUNTS Available on all items except 
those shown with NETT PRICES 10% on orders from £5 to £14 99. 15% on orde-s £15 and over. 
FREE PACKING 
AND POSTAGE in U.K. for pre-pairi mail orders. For mail orders for £2 list value and under there is an additional handling charge of lOy. Overseas orders carriage charged at cost. 
GIRO UC No. 38/871/4002 

electroValQe ltd 
Please address all communications, mail orders, etc.. to head office at Englefield Green and include SAE (or first onrjuiries needing a written 6 

Depi VWVS 
28, ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM. SURREY TW20 0HB 
Telephone Egham 3603. Telex 264475 Shop hours: 9 5.30 daily. 9-1 pm Sals. 
NORTHERN BRANCH: 680, Burnage Lane, Burnage, Manchester M19 1NA 
Telephone (061) 432 4945 
Shop hours: Daily 9-1 and 2- 5.30pm: 9 1 pm Sats. 
U.S.A. CUSTOMERS are invited to contact ELECTROVALUE AMERICA. P.O. Box 27. 
Swarthmore PA 1 9081. 

QUALITY GUARANTEE All goods are sold on the under standing that they conform to mar.ulaciureta' apecificaiiona and satisfaction is guaranteed as such—no rejects, 'seconds' or sub-standard merchandise is offered for sale. Prices quoted do nut include V.A.T. rot which 5% must be added to tot a! nett value of order. Every effort is made W ensure the correctness of information and prices at time of going to press. Prices subject to alteration without notice. 
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INTEGRATED CIRCUITS 
£ p 

SN7400N ••• 0.16 
SN7401N ... 0.16 
SN7402N •.• 0.16 
SN7403N •.• 0 .16 
SN7404N ••• 0.211 
SN7405N .•• 0.22 
SN74()(1N ..• O.Q 
SN7407N ••• 0.42 
SN7408N .. . 0.28 
SN7409N ..• 0.24 
SN7410N •• . 0.16 
SN7411 N .. • 0 .26 
SN7412N ..• 0.30 
SN7413N ..• 0.36 
SN7414N .•. 0.72 
SN7416N .•. 0.36 
SN7417N .. . 0.36 
SN7420N .. . 0.16 
SN7421N .•. 0.33 
SN 7422N ... 0.26 
SN7423N ... 0 .37 
SN742SN ... 0 .37 
SN7426N . .. 0.32 
SN7427N . • . 0.37 
SN7428N ... 0.40 
SN7430N , • . 0.111 
SN7432N .. . 0.37 
SN7433N • •. 0.37 
SN7437N ... 0.37 
SN7438N . •• 0.37 
SN7440N , , , 0 .22 
SN7441AN • . 0.92 
SN7442N .•. 0 ,79 
SN7443N .•. 1.27 
SN7444N . • . 1.27 
SN7445N .. • 1.60 
SN7446N ••. 1.89 
SN7447AN .. 1.110 
SN7448N •.• 1.27 
SN7450N ••• 0 .18 
SN7451N ••. 0.18 
SN7453N ••• 0.16 
SN7454N ••• 0.16 
SN7460N ••• 0.111 
SN7470N ..• 0.38 
SN7472N ••. 0.38 
SN7473N ••• OA1 
SN7474N • . • O.Q 
SN7475N ••• 0 .59 
SN7478N •.• OA5 
SN7460N ••• 0.60 
SN7481N ••• 1.10 
SN7482N .•• 0.87 
SN7483N •.. 1.10 
SN7484N ••• 1.00 
SN7485N •.• 1.63 

, SN7486N • . . 0 .47 
$N7489N . .. 3.87 
SN7490N • .• 0 .55 
SN7491 AN . • 1.00 

£ p 
SN7492N ••• 0.70 
SN7493N •.. 0.70 
SN7494N ••• 0 .110 
SN7495N •.• 0.80 
SN7495N •. , 0 .95 
SN7497N ••• 3.87 
SN74100N • . 1.89 
SN74104N .. 0.58 
SN74105N .. 0.&3 
SN74107N • • 0.45 
SN741 ION .• 0 .58 
SN7411 IN • . 0.86 
SN74118N • , 1.89 
SN74118N •. 0.90 
SN741 19N .. 1.88 
SN74120N •. 0.96 
SN74121N .. 0 .60 
SN74122N •• 0 .70 
SN74123N • . 1.00 
SN74125N • . 0 .8 6 
SN74 I 32N .. 0 .72 
SN74141N • , 0.90 
SN74145N • . 1.28 
SN74150N •. 1.711' 
SN74151N , , 1.00 
SN74153N , . 0.96 
SN74154N . . 2.00 
SN74155N •. 1 .00 
SN741511N , . 1.00 
SN74157N •. 0.96 
SN74180N •• 1.38 
SN74181N •• 1.38 
SN74182N .. 1.38 
SN74183N •. 1.38 
SN741114N .. 1.78 
SN74185N , , 1.78 
SN74166N •• 1.110 
SN74187N •• 3.00 
SN74170N , • 2 .52 
SN74173N •• 1.88 
SN74174N •• 1.57 
SN74175N •• 1.10 
SN74178N •• 1.28 
SN74177N •• 1.28 
SN74180N •• 1.28 
SN74181N •• 3.95 
SN74182N •• 1.28 
SN74184N •. 1.80 
SN7418SN •• 1.80 
SN74190N •• 2.00 
SN74191N •• 2.00 
SN74192N •• 2.00 
SN74193N •• 2.00 
SN74194N •• 1.30 
SN74196N •• 1.10 
SN7419IIN •• 1.20 
SN74197N •• 1.20 
SN74198N .• 2.77 
SN74199N •• 2.62 

RCA £ P 
CA3012 ... 1.32 
CA3014 . . . .. 1.80 
CA3018 .•.• . 1.02 
CA3019 . ••• . 1.12 
CA3020 .••• . 1.80 
CA3022 . •.• . 1.93 
CA3028A .... 1.03 
CA3036 . • ••. 1.08 
CA3046 • . •.. 1.03 
CA3048 . • . .. 2.76 
CA3075 .. ... 1.76 
CA3081 .. .. . 1.80 
CA3089E . . . . 2.94 
CA30900 •... 5.40 

~~s5"J;c:-.... . o.as 
N E5608 .. . 5.00 
NE5618 .. .. . 5.00 
NE5628 .•..• 5.00 
NE5678 . • .. • 3.60 

M 01orola 
MC1303L . .. 1.42 
MC1304P . .. 1.79 
MCI 310P • . . 2.91 
MC1458CPI . • 0 .77 
MC1710CG .• 0 .80 
MFC4000P . . 0.45 
MFC40 1 OP . • 0.55 
MFC6040P . • 1.00 

OtN.-
T8ABOO . . ... 1.50 
SN76003N • . 1.50 
SN72741P ..• 0.60 
SN72748P ••• 0.61 
702C •••..• • 0.76 
709C ... .. .. 0.39 
723C . . . .... 0.90 
728C • • ••••• 0 .46 
741C ••••••• 0.60 
7'17C •.. .... 1.00 
ZN414 .... .. 1.20 
748C ••••••. 0.61 
LM309K .... 2.00 
TAA960 .. ... 1.75 

SINCLAIR 
IC12 

6WAMP 
£2.20p 

COSMOS INTEGRATED 
CIRCUITS FULL 

RANGE IN STOCK 
AAZ13 .... , • 0~1~ 
AC I 07 •••••. 0.111 
AC128 ••••.• 0.16 
AC 187 ..•. •• 0.21 
ACYl? . . .. .. 0.40 
ACY39 ..•.•. 0 .78 
A0149 ....• 0.50 
AD 161 • ..•. 0.44 
A0162 . • . •. 0.44 
AFII7 ...... 0.24 
AF118 .. •.•• 0.57 
AF139 ••. . • . 0.41 
AF186 .••••• 0.48 
AF239 ...... 0.44 
ASY27 . •••• , 0.33 
BAllS ••••.• 0.10 
8AX13 ••••• 0.05 
8C107 ..•••• 0 .14 
BCIOB ...... 0 .13 
BC109 •••••• 0 .14 
8C109C ••••• 0.15 
8C11 3 •••••• 0.15 
8Cl47 •••••• 0.10 
8Cl48 ...... 0.08 
8Cl49 •••••• 0.10 
8CI69C ••••• 0.15 
8Cl82 ••.••• 0.12 
BCY32 ...... 0.85 
BCT39 ...... 1.60 
8CY55 • ••••• 2.64 
8CY70 ••••.• 0.18 
8CY71 ...... 0.22 
8CY72 •.•••• 0.12 
80124 ••••• 0.85 
80131 .•••• 0.42 
BF115 .•... . 0.20 
8Ft80 . . . .•• 0.36 
8 F1 94 . . . . .• 0.10 
8FX13 . ••.• , 0.26 
8FX34 •••• .• 0.70 
8FX88 .. • .•. 0 .24 
8FY60 • • .•. , 0.21 
8 FYS1 . • .. • . 0 .20 
8FY64 ...... 0.38 
8FY90 . . . ••• 0 .81 

·" e 8LY36 .•. •• . 6.00 
BSX20 .... .. 0.13 
8 U105 • . •. . 2.20 
BY100 .. . . • . 0.27 
8Y l27 . . . ••. 0.12 
BYZ13 ....•. 0.42 
CIOIID .. ••• 0,&4 
GET! II •.•.. 0.72 
GET! I 5 .. • . • 0.90 
GET880 •.••. 0.80 
LM309K .•.• 2.00 
MAT1 21 •••• 0 .25 
MJEa40 ••.• 0.47 
MJE620 • • • 0.63 
MJ£3055 •.•• 0 .77 
MJE2955 •••• 1.27 
MPF105 •••• 0.36 
NKT404 .••.• 0.88 
OAS ••••.• 0.72 
OA81 ••.•.• 0.18 
OA200 •••• 0 .08 
OA202 ••••• 0.06 
OC28 .••••• 0 .88 
OC35 ...... 0.55 
OCJII •••••• 0.110 
OC44 •••••• 0.20 
OC45 •••.•. 0.20 
OC71 •..•.• 0 .18 
OC72 ••••.• 0.24 
OC77 ••••.• 0.54 
OCSI ...... 0.29 
OC83 ••••.• 0.27 
OCI40 ••..• 1.14 
OCI70 ••••• 0.30 
OC200 ••.• . 0.54 
OC202 ••• . • 0.90 
OCP71 .• . .• 1.20 
OAP12 •.•.• 0,80 
OAPIIO ••... 0.66 
P3411A •••• . • 0.18 
TIL209 • •. •. 0.20 
TIP29A • .•. , 0.49 
TIP30A •• ... 0 .57 
TIP31A • •.. • 0.61 
TIP41A •• .•. 0 .74 

T(P42A ... £gg 
TIS43 .. . . . 0 .26 
V405A . ..... 0 .22 
ZTX 108 ... . • 0.08 
ZTX300 • . • . • 0 .13 
ZTX302 ..•.. 0.18 
ZTXSOO ..•.. 0 .13 
2N697 • .. .. . 0.16 
2N706 ... • . • 0 .12 
2N930 . . •••• 0.18 
2N987 ...... 0 .42 
2N1132 .. .. • 0.24 
2Nl304 .•. .. 0.28 
2N1613 ..... 0.21 
2N1671 ... .. 1.20 
2N2147 ..••• 0.78 
2N2160 ••••• 0.78 
2N2926 ••••. 0.12 
2N3053 . .... 0.18 
2N3054 .. •.. 0.48 
2N3055 .. •.• 0.45 
2N3440 ...• . 0.58 
2N3442 ... •• 1.39 
2N3525 •••• 0.91 
2N3614 ••••• 0.85 
2N3702 •..• . 0.11 
2N3714 .. .. . 1.41 
2N3771 ... .. 1.77 
2N3773 . •••• 2.40 
2N3790 ••••. 2.10 
2N381 9 •• .. . 0 .38 
2N3886 •. .. . 0.72 
2N3903 .•••• 0.15 
2N4002 • ..•. 0.14 
2N4126 .... . 0.15 
2N4871 ••• .. 0 .34 
2N5457 . . ... 0.30 
25303 • • . ~ . 0.60 
40550 . .•.• • 0.54 
40361 •. • . • . 0 .45. 
40362 • .•. • . 0.40 
40408 .. • . • . 0 .50 
40486 . •• . • . 0.85 
40636 ••.•.• 1.00 
40430 . 0.85 
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INDUSTRIAL SUPPLIED 
FREE New 74/ 75 Stock l ists on rec7u~m 

SILICON 
CONTROLLED 
RECTIFIERS 
s.. ..... c .. ....a.,...;,y 
-~...-aod 
nm .,_ Ol-723 3648 
TOS1 Amp £ p 
CRSl/OSAF ..• 0.42 
CRS1/10AF ..• 0.48 
CRS 1/20AF • . . 0.52 

g~~:~~~ : : : g:~ 
T0483Amp 
CAS3/025AF .• 0.38 
CRS3/IOAF . •. 0.48 
CRS3/20AF ••. 0 .54 
CRS3/40AF . .. 0.65 
CAS3i60AF .•. 0 .80 
T0487 Amp . 
CR$7/400 • . •• 0 .84 
CR$7/ 600 , , •. 1.14 
T04816Amp 
CAS 16/ 100 ... 0.78 
CAS 16/200 .. . 0.85 
CRS 16/400 • . 0.98 

TRIACS 
Trl-.:a 

~t3Sf .... 0~8~ 
SC35B •••••• 0.91 
SCJSO ..... 0.99 
SC35E ••••• • 1.30 

~c~ ...... o.88 
SC408 .•.•.• 0.97 
SC400 ••••.• 1.20 
SC40E ••.•.• 1.60 
10Amp 
SC46A ••.•.• 1.09 
SC458 •• ; •• , 1.12 
SC450 •••.•. 1.60 
SC46E ...... 1.85 
15Amp 
SC50A ••• , •. 1.46 
SC508 .. ••. 1.57 
scsoo • • • • • 1.80 
SC50E ...• • . 2.00 
Also 
40430 ••.•.• ' 0.85 
40669 . • .•... 0.90 
40486 .•.•.•. 0 .85 

BRIDGE 

SILICON 

RECTIFIERS 

l~c>2s .... eM 
8025/05 ..... 0.18 

~Xf ..... 0.20 
81/10 ...... . 0.21 
Bl/20 ...... . 0.24 
81/ 60 .. ..... 0.25 
8 1/100 .. . ... 0.30 

~~gr ... .. .. 0.30 
82/10 . ... .. . 0 .35 
82/ 20 . • . . .. . 0.40 
82/40 ... 0 .44 
82/ 60 ... . ... 0.45 
82/100 • .. • . • 0.65 

~.egr ..... . 0 .45 

84/10 . . ••.•• 0.48 
84/20 •...... 0.54 
84/ 40 ....... 0.80 
84/60 ...•.•. 0.70 
84/80 ....... 0.90 

~~ ....... 0.50 
96/10 ... . ... 0 .58 
86/20 . . ..... 0.58 
86/40 ..... . . 0 .75 
86/60 .. ..... 0.87 

0~ ~~~~ . 0.27 
WOI .. . . .. 0.19 
W02 ..• . 0 .30 
W06 . .. . ... . 0.33 

STC & ITT MINIATURE RELMS 
12500 
40000 
25000 
17000 
18000 

1850 
1500 
1800 

12/18v 
24v 
18/24v 
18/24v 
24v 
6v 
6v 
6/ 12v 

TAPE HEADS 

2p.c.o. 
2p.c.o. 
2p.c.o. 
2p.c.o. 
4p.c .o. 
2p.c.o. 
2p.c.o. 
2p.c.o. 

} 
Marriot XRSP/ 17l' ·trace high 
Marriot XPSP/18 ·trace med 
Marriot XRSP/36 ·trace med 
Marriot XRSP/ 63 .,.-trace high 
Marriot XRSP/63 erase 

£ p 
2.60 
3.50 
6.00 
1.76 
0.75 

M arriot erase heads for XRSP 
17/18/36 0 .75 

RIRPI record/play t·track 0.45 
H/ RP single·track rec/play 0.35 
Bogen type UL290 erase 1.50 

PORTABLE 
RADIO 
activity counter complete 
with power·pack • 
£9.97 pp £1 

JOSTY KITS 
AVAILABLE EX STOCK 
SEND FOR FREE LISTS 

JWATI 
AMPLIFIER KIT 
complete w ith separate 
voluma/tone controls for 
each channeJ with 
escutcheon £5.50 
pp 15p 

JACKSON BROS 
TYPE 713 
BUTIERFLY 
TUNING 
CONDENSERS 
2 X 1 7pF 
2 X 2 5pF 
2 X 3 8pF 
0.76p each pp 15p 

M iniature stereo-cassette rec/play 2 .00 
pp 15p 

DOSIEMETERS 
o-sR 62p 
o-soR 62p 
Q-150R 62p 
45p each per dozen 
pp 15p 

INVERTER KITS 
I 5 watt £5.20 pp 30p 
40 watt £6.80 pp 40p 

CRYSTALS 
1 MEG. HC/6U TYPE 
£2.25 
lOOKcs & lOOOKcs 
1 OX TYPE £1 .50 

MW/LWTUNER 
KIT 
MLJ MkiV 
£5.25 

GRAVINER 
INFRA 
RED DETECTOR 
designed for heat or l ight 
detector containing 
931A photo multiplier 
+ G K45 & network. 
£3.50pp25p 

PP9 BATIERY 
ELIMINATOR 
complete ki ts of parts 
including PIC boards 
£1.96 complete ki t 
pp 15p 

SL414A 
PLESSEY 
5Watti.c. 
£1.66 

ULTRASONIC 
TRANSDUCERS 
with data/circuits 
£6.90pair 
TAA960£1.76 

BRAND NEW 
60p 
pp 15p 

IN-LINE MAINS 
SUPPRESSOR 
Type S.D.1/A50 lAmp 
Suppressor as featured 
in H1gh·Fi Press 
£2.75 pp 15p 

AMTRON KITS 
AVAILABLE EX STOCK 
SEND FOR FREE LISTS 

5WATI 
AMPLIFIER KIT 
TBA 800 w ith printed 
circuit & all components. 
£2.70 pp 15p 

CERAMIC 
FILTERS 
miniature 10 .7 maz. 
filters 40p pair pp 15p 

HITACHI 
CATHODE RAY 
TUBE 
TYPE 310DGB4 
Brand New 
£7.60 

l pp50p _,/ 

Henq's RADio 
CONTACT ~ ELECTRONIC COMPONENTS 1 VAT TO BE 
HENRY'S AND EQU IPMENT · ADDED TO ALL 
FIRST Reta1l ·Trade Educational Export I ORDERS (EXPORT 
see tacins page lndustro al Supplied VAT FREE) 

EDGWARE W2 for addresses Let us quote for your requrrements 

all Wireless World, December 1974 

I 

EXTRA DISCOUNTS 
Sami-conductois. Any one lype or mixed SN 74 Series 'IC 
12 + EXTRA 10% 25 + EXTRA 15% 100 + EXTRA 20% 

s# 
INTEGRATED CIRCUITS 

£ p £ p SN7400N . 0.16 SN7492N , 0.70 SN7401N . 0.16 SN7493N . 0.70 SN7402N . 0.16 SN7494N 0.80 SN7403N . 0.16 SN7495N 0.80 SN7404N . 0.26 SN7496N . 0.95 SN7405N . 0.22 SN7497N 3.87 SN7406N . 0.42 SN74100N . 1.89 SN7407N . 0.42 SN74104N . 0.58 SN7408N . 0.28 SN74105N . 0.53 SN7409N . 0.28 SN74107N . 0.45 SN7410N . 0.16 SN74110N , 0.58 SN7411N . 0.25 SN74111N . 0-86 SN7412N . 0.30 SN74116N . 1.89 SN7413N . 0.36 SN74118N . 0.90 SN7414N . 0.72 SN74119N . 1.68 SN7416N . 0.36 SN74120N . 0.95 SN7417N . 0.36 SN74121N . 0.50 SN7420N . 0.16 SN74122N . 0.70 SN7421N 0.33 SN74123N 1.00 SN7422N . 0.25 SN74125N 0.66 SN7423N . 0.37 SN74132N . 0.72 SN7425N . 0.37 SN74141N 0.90 SN7426N . 0.32 SN74145N 1.26 SN7427N . 0.37 SN74150N . 1.75 SN7428N . 0.40 SN74151N , 1.00 SN7430N . 0.16 SN74153N . 0-95 SN7432N . 0.37 SN74154N 2.00 SN7433N 0.37 SN74155N 1.00 SN7437N . 0.37 SN74156N . 1.00 SN7438N . 0.37 SN74157N . 0.95 SN7440N . 0.22 SN74160N 1-38 SN7441AN . 0.92 SN74161N . 1.38 SN7442N . . 0.79 SN74162N . 1-38 SN7443N . 1.27 SN74163N 1.38 SN7444N . . 1-27 SN74164N . 1.76 SN7445N . 1.60 SN74165N . 1.76 SN7446N . 1.89 SN74166N . 1.60 SN7447AN . 1.60 SN74167N . 3.00 SN7448N .1.27 SN74170N . 2.52 SN7450N . 0.16 SN74173N 1.66 SN7451N . 0.16 SN74174N . 1.57 SN7453N . 0.16 SN74175N - 1.10 SN7454N . 0.16 SN74176N . 1.26 SN7460N . 0.16 SN74177N . 1.26 SN7470N . 0.36 SN74180N . 1.26 SN7472N . 0.38 SN74181 N . 3.95 SN7473N . 0.41 SN74182N . 1.26 SN7474N . 0.42 SN74184N . I-BO SN7475N 0.59 SN74185N . 1.00 SN7476N . 0,45 SN74190N . 2.00 SN7480N . 0.60 SN74191N . 2.00 SN7481N . . 1.10 SN74192N . 2.00 SN7482N . 0.87 SN74193N . 2.00 SN7483N . . 1.10 SN74194N . 1.30 SN7484N 1.00 SN74195N . 1.10 SN7485N . 1.63 SN74196N . 1.20 SN7486N . . . 0.47 SN74197N . 1.20 SN7489N . 3.87 SN74198N . 2.77 SN7490N . . 0-55 SN74199N . 2.52 SN7491AN . . 1.00 

RCA £ P CA3012 . . . 1.32 CA3014 ... . iao CA3018 . . . 1.02 CA3019 ... . 1.12 CA3020 ... . 1.80 CA3022 ... . 1.93 CA3028A .. . 1.03 CA3036 ... . 1.08 CA3046 ... . 1.03 CA3048 ... 2.76 CA3075 ... . 1.75 CA3081 ... iao CA3089E .. 2.94 CA3090Q .. . 5 AC 
Signetic* NE555 .... . 0.85 NE560B . . . . 5.00 NE561B . . . . 5.00 NE5628 . . . . 5.00 NE567B . . . , 3.60 
Motorola MC1303L . . 1.42 MC1304P . . 1.79 MCI310P . . 2.91 MC1458CPI . 0.77 MC1710CG . 0.60 MFC4000P 0.45 
MFC4010P . 0.55 MFC6040P . 1.00 
Others TBA800 ... 1.50 SN76003N . 1.50 SN72741P . . 0.60 SN72748P . . 0.61 702C  . 0.7B 709C  0-39 723C  0.90 728C  . 0.45 741C  0.60 7470   1.00 ZN414 .... . 1.20 748C  . 0.61 LM309K . . . 2,00 TAA960 .-. . 1.75 

SINCLAIR 
IC12 

6WAMP 
£2.2 Op 

COSMOS INTEGRATED 
CIRCUITS FULL 

RANGE IN STOCK 
c p AAZ13  0.12 AC 107 0.51 AC128 0.15 AC 187  0.21 ACY17  0.40 ACY39  0.78 AD149  0.50 AD161 .... 0.44 AD162  0.44 AF117  0.24 AF118    0.57 AF1 39  0.41 AF186  0.48 AF239   0.44 ASY27  0.33 8A115 0.10 BAX13  0.05 BC107  0.14 BC108 0.13 BC109  0.14 BC109C 0.16 BC113  0.15 BC147  0.10 BC148 0.08 BC149  0.10 BC169C 0.15 BC182  0.12 BCY32 0.85 BCT39  1.S0 BCY55 2.64 BCY70 0.18 BCY71  0.22 8CY72  0.12 BD124  0.65 8D131  0.42 BF115  0.20 BF180  0.36 8F194  0.10 8FX13  0.26 BFX34  0.70 BFX88  0.24 BFY50  0.21 BFY51  0.20 BFY64  0.36 BFY90  0.81 

.f 9 . 6.00 . 0.13 . 2.20 , 0.27 0.12 0.42 - 0.54 

BLY36 BSX20 3U105 BYICO BY 127 BYZ13 C106D GET111  0.72 GET115  0.90 GEiaSO  0.60 LM309K . . . 2.00 MATT21 . . . . 0.25 
MJE340 .... 0.47 MJE520 . 0.63 MJE3055 .... 0.77 MJE2955 ... 1.27 MPF105 .... 0.36 NKT404   0.66 OAS  0.72 0A81  0.18 0A200   0.08 0A202   0.06 OC28  o.ee OC35  0.55 0C3B  0.60 0C44  0.20 0C45  0.20 0C71  0.18 OC72  0.2B OC77  0.54 0C81  0.29 0C83  0.27 0C140  1.14 OC170  0.30 OC200   0.54 0C202   0.90 0CP71  1.20 0RP12 ... 0.60 ORP60  0.55 P346A  0.18 TIL209   0.20 TIP29A  0.49 TIP30A  0.67 TIP31A  0.61 TIP41A  0.74 

TIP42A  0.90 TIS43  0.26 V405A 0.22 ZTX108  0.08 ZTX300   0.13 ZTX302   0.18 ZTX500   0.13 2N697   0.16 2N706   0.12 2N930   0.18 2N987   0.42 2N1132  0.24 2N1304   0.28 2N1613  0.21 2N1671  1.20 2N2147  0.78 2N2160 0.78 2N2926   0.12 23053   0.18 2N3054   0.48 2N3055   0.45 2N3440   0.58 2N3442   1.39 2N3525   0.91 2N3614 0.05 2N3702   0.11 2N3714 1.41 2N3771   1.77 2N3773 .... 2.40 2N3790   2.10 2N3819  0.38 2N3886   0.72 2N3903   0.15 2N4002   0.14 2N4126  0.15 2N4871   0.34 
2N5457   0.30 2S303 0.6O 
40550   0.54 40361   0.45 40362   0.40 40408   0.50 40486   0.85 40636   1.00 40430   0.85 

UK'S LARGEST RANGE OF BRANDED AND GUARANTEED SEMI- 
CONDUCTOR DEVICES • TRADE • RETAIL • EXPORT • EDUCATIONAL- 
INDUSTRIAL SUPPLIED 
FREE—New "74/75 Stock lists on request 

SILICON 
CONTROLLED 
RECTIFIERS See above lor small quantity 
discounts. Large quantities and 
OEM plane 01-723 3646 
T05 1 Amp CRS1/05AF . CRSi/IOAF . CRS1/20AF . CRS1/40AF .. CRS1/60AF . T048 3 Amp CRS3/025AF CRS3/10AF . CRS3/20AF . CRS3/40AF . CRS3/60AF . T048 7 Amp CRS7/400 CRS7/600 , . TOOS 16 Amp CRS 16/100 . CRS 16/200 . CRS 16/400 

E P . 0.42 0.48 . 0.52 0.60 . 0.78 
. 0.36 0.48 . 0.54 0.65 . 0.80 
0.84 . 1.14 

. 0.78 . 0.85 0.96 

TRIACS 

Trine* 3 Amp C p SC35A  0.85 SC358  0.91 SC350  0.99 SC35E  1.30 6 Amp SC40A  0.B8 SC40B  0.97 SC40D  1.20 SC40E  1.50 10 Amp SC45A  1.09 SC45B  1.12 SC45D  1.50 SC45E  1.65 15 Amp SC50A  1.46 SC50B  1.57 SC50D  1« SC50E  2.00 Also 40430 ...... 0.85 40669  0.80 40486  0,85 

BRIDGE 

SILICON 

RECTIFIERS 
i Amp £ P 8025/025 . . 0.14 B025.;05 84/10 1 Amp 81/05 ... 84/20 . 0 .20 84/40 81/10 .... . . 0.21 84/60 81/20 .... . . 0.24 84/80 81/60 .... 81/100 . , . 0.25 . . 0.30 6 Amp 86/05 2 Amp 86/10 82/05 .... . 0.30 86/20 82/10 .... . 0.35 86/40 82/20 . . . . . 0.40 86/60 82/40 .... . 0.44 1 Amp W005 82/60 .... . . . 0.45 82/100 . . . . 0.55 W01 4 Amp W02 
84/05 .... OAS W06 

is 

f! 
. . 0.48 0.54 O.OO 0,70 0.90 

0.50 0.58 
□ 75 □ 87 
0 27 0 23 0 30 0,33 

STC & ITT MINIATURE RELMS 
1250G 12/18v 2p.c.o. 
40000 24v 2p.c.o. 
25000 ia/24v 2p.c.o. 
1 7000 ia/24v 2p.c.o. 
1800Q 24v 4p.c.o. 

185Q 6v 2p.c.o. 
150Q 6v 2p.c.o. 
1800 6/12v 2p.c.o. 

BRAND NEW 
eop 
pp 15p 

TAPE HEADS 
MarriotXRSP/l 7 j-trace high 
Marriol XPSP/18 f-trace med 
MarriotXRSP/36 i-lrace med 
MarriotXRSP/63 j-trace high Marriol XRSP/63 erase 

£ P 2.50 
3.50 
5.00 
1.75 
0.75 

Marriot erase heads for XRSP 
17/18/36 

R/RPI record/play-j-track 
H/RP single-track rec/play 
Bogen type UL290 erase 
Miniature stereo-cassette rec^play 2.00 
PP 15p 

0.75 
0.45 
0.35 
1.50 

PORTABLE 
RADIO 
activity counter comp 
with power-pack 
£9.97 pp€1 

JOSTY KITS 
AVAILABLE EX STOCK 
SEND FOR FREE LISTS 

3 WATT 
AMPLIFIER KIT 
complete with separate 
volume/tone controls for 
each channel with 
escutcheon £5.50 
PP 15p 

JACKSON BROS 
TYPE 713 
BUTTERFLY 
TUNING 
CONDENSERS 2 X 1 7pF 
2 X 2 6pF 
2 X 3 8pF 
0.75p each pp 15p 

DOSIEMETERS 
0-5R 62p 
0-50R 62p 
0-150R 62p 45p each per dozen 
PP '5p 

INVERTER KITS 1 5 watt £5.20 pp 30p 
40 watt £6.80 pp 40p 

CRYSTALS 
1 MEG, HC/6U TYPE 
£2.25 
100 Kcs & 1000 Kcs 
10X TYPE £1,60 

GRAVINER 
INFRA 
RED DETECTOR 
designed for heat or light 
detector containing 
931A photo multiplier + GK45 & network. 
£3.50 pp 25p 

PP9 BATTERY 
ELIMINATOR complete kits of parts 
including P/C boards 
£1.95 complete kit 
PP 1 5p 

SL414A 
PLESSEY 
6 WatI i.e. 
£1.65 

MW/LW TUNER 
KIT 
ML3 MklV 

ULTRASONIC 
TRANSDUCERS with data/circuits 
£5.90 pair TAA960 £1.75 

IN-LINE MAINS 
SUPPRESSOR Type S.D.1/A50 lAmp 
Suppressor as featured 
in High-Fi Press 
£2.75 pp 1 5p 

AMTRQN KITS 
AVAILABLE EX STOCK 
SEND FOR FREE LISTS 

5 WATT 
AMPLIFIER KIT 
TBA 800 with printed 
circuit & all components. 
£2.70 pp 1 5p 

CERAMIC 
FILTERS 
miniature 10.7 maz. filters 40p pair pp 15p 

HITACHI 
CATHODE RAY 
TUBE 
TYPE 310DGB4 3rand New 
£7.50 
ppsop 

Henry's kaho 

EDGWARE ROAD, W2 

CONTACT 
HENRY'S 
FIRST 
see tacing page 
for addresses 

ELECTRONIC COMPONENTS VAT TO BE 
And equipment added to all 
Retail ■ Trade • Educational Export ' ORDERS (EXPORT 
Industrial Supplied VAT FREE) 
Let us quote for your requirements 
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LARGEST SELECTION OF ELECTRONIC 
COMPONENTS AND EQUIPMENT. 
LOW PRICES MEAN LESS VAT. 

F~amres g1as.s· fibre PC board. Gar?eners low. field transformer. 6-I.Cs. 
i O i ransistors plug d iodes etc. Oes1gne~ by Texas ln~truments en.g1neers 
for Henry's a nd P.W. 1972. S upplied wtth fu ll chass1s w ork. detailed 
consttuction handbook ann all necessary parts. Fu II input and control 
faci lities. Stabilised supply. overall Sile 15-} in. X 2{ in . X 6i in. mains 
operated. Free teak sleeve with every kit £28.50 (GB post paid) ·<· -!'{; /. 

Built a nd tested £35.00 !.i !(; ·.:? 

~~t~~~c~p!c~ dTo~e ~~~~g. led and tuning meter indicators. stabilized 
power supply-mains operated . H igh performance and sensitivity with 
unique station indicat ion IC stereo decoder. Overall sire in teak sleeve 
8 in. X 21- in. X 6i- in. 
Ccmple•e kit w ith teak s leeve £21.00 (GB post paid ). Built a nd tested £24.95 

JOIN THE LARGE BAND OF HAPPY CONSTRUCTORS! 

TRANSISTORJSEO ~ 
MODULES 
Tuners· Power Suppliers • ·-"JFj.~JJ>-· 
·Amplifiers ~ 

Amptifiers tAR sin~h~ channel unless SHHe<H 
4 -300 9 volt 300 MW 
2004 9 volt 250 MW 
104 9 volt 1 watt 
304 9 volt 3 wan 
555 l 2 volt 3 wan 
SSSST 12voh lfX I~ 

watt 
E1208 12 vo lt 5 watt 
608 24 vot1 10 w;)H 
410 28 VOh 10 VICHt 
620 45 vott 30 watt 
Z40 30/35 volt 15 watt 
260 4 -:;i/ 50 vo lt 25 watt 
SA6817 24 volt 6 + 6 WJtl 

~TfJifiers1'2~t ~~-r~'!aus 8 'ohms 
R !:>00 M~ins 5 waus a.-15 ohms 
SAC~1 4 M3ir)S 7 1 7 wutts 8 ohms 
SAC30 Mains 1 5 + 1 5 watts 8 ohms 

g~g~g ~2~~~i3~ ~~v~Z~~ ~~~";s 
FM Modules 
Mullard LP 1186 FM tmlOr lhom end~ ,..,.ith data 10 7 MHt o/ p 
M~•llard LP 1185 10. 7MH~ IF unit 
Gorfcr Pcm 1ubility FM tuner (front end} 10 . 7M Hz o/ D 

FM and AM tuners and decoders 
FM 5231 (tu 2) 6 YOh FM tu 11-0r 
TU3 12 ..-olt versio:l (FM usu w hh dceoclert 
S0 4S 12 S~crcc Decoder for Tt~ 3.12 voh 
SP62H 6 volt stereo FM turwr 
A l 007 9 volt MW- AM tuner 
Sinclair 12;'4 5 voft FM tuner stereo reco:der tor above 
A 1018 9 volt FM wner in cabinet 
A 1 G06M IS} 9-12 votl stereo <tecc-der FM for above· 
1062 12 volt stereo decoder. General purpos9 

Preamplifiers 
Siucla ir Ste1eo 60 Pn::amptifier 
E 1300 CARTfTAPE/M IC INPUTS 9 volt 
E13 t 0 Stereo 3- 30mV mill c<~rt 9 volt 
FF3 Stereo 3mV tape head 9 volt 
3042 Stereo 5- 20mV Mag. C-8([ , ll'Sins 
EQ25 Mom) 3 250n1V ToJPe/c.art/ flat. 9 vott 

:7~~~~7~ro~PJ~~~~~~;~s•~~f~t~~:chassJ~ ·test casc-dl 
PSOO ~ volt 500mA 
li C244R 3 /6;'7 tf9 volt 400mA stabilised 

:~lbirf ,v21~cfi,ar:f £~73~.' ~a~~5st~·so~~frr 0~~\ 
P17. 4t-12 \'Cit 0.4-- 1 iltt•p 
SE.1 01 A 3.'6/8/l 2 volt 1 ~mo st~bitisod 
P1076 3/4t/6n-}f9j1 2 volt -tamp 
SE SOOt\ 1- 1 5 voll Q-]A SHmilisiid 

cus 
£2.70 
£3.10 
£3.95 
£4.1 0 
£5.SS 

£5.10 
£4.95 
£US 
£9.95 
£5A5 
£6.95 

£10.20 

£8.25 
£6.30 

C11.1S 
£14.95 

£6.95 
no. so 

C4.8S 
£4.50 
£4.<0 

£7.95 
£7.96 
£7.95 

£14.!15 
£4,80 
£7.45 

£13.H.S 
£1.50 
£6.50 

£6.76 
£2.85 
£4.15 
£4.95 
£5.95 
£1.95 

£2.25 
£3.20 
rs.so 
£3.30 
£7.80 
£7.15 

£12.75 
£4.20 

£17.50 

GUALrrY CASSETTE TAPES 
"Living Sound" made specially for Henry's by 
EMI Tapes Ltd. 

5 screw type w ith library case. Post paid (GB) 

C60 

C90 
C120 

3 for 
£1.10 

£1.47 

£1.83 

6 for 
£2.00 

£2.85 

£3.54 

10 for 
£3.15 

£4.65 

£5.60 

25 for 
£7.50 

£11.37 

£14.00 

EMI 
SPEAKERS 
Special Purchase 
1 3 x 8 chassis speakcts 
!cau/packil'lg 30p cacti 
cr 50, prJ 
'/lf. l SOTC 10watt S ohm 
tvo!in cone £2.20 
*450 10 w<ltt 4. 8, 15 ohm with twin 
tweeters and crossover £3.85 each 
FW 1 5 watt 8 ohm \'lith tweclcr £5.25 
350 20 watt 8, i 5 ohm with tw·eerer 
£7.80 each 
• Poli~hcd wcod caoine1 £4.80 carr., etc .. 
35p each 01 6-0.o- pair 

5 WATT IC ·'·./;J.'v; · 
EXCLUSIVE ~~\~~\._' »

1 
:.:~ 

AMPLIFIERS '(" 
Special purchase 5 w au cutput 8 16 ohm 
load. 30 volt mal( DC OP(Ha tion complete 
wtthdata. 
PricP. £1 .50 ea. or 2 rof £2.85. 
Pd;"tted Cireuit Panels SOp. 

UHF TV TUNERS 
625-llne receiveo~ UHF transistonscd tuners 
FM. U K opcratio~l. Brand new. 
IPost1pack111g 25p each) 
tvf'E C variable wnjng £2.50 
1Y~E B 4 I.Juuou push-button •arfj•.rstable} 
£3.50 

PA-DISCO-ll G HTIN G 
EQUIPMENT 

Without d oubt UK·s best range oi 
modufar and co,.nplute CqUip-l'f\Bn~, light· 
ing. mixing, microphonP.s, ac<:essories. 
speakers, amplifiers.. fenses etc., etc. 
FREE stock lists (Rat No. 18J o n request 
CALL IN AND SEE fOR Yl)URSE~F at 
Henry's Disco Cemre, 309- Edgware Road. 
0 1· 7 23 69G3. 

HENRY'S HOME ENTERTAINMENT CENTRES LTD FREE STOCK 
LISTS london · 

354!6 Edgware Rd. W2 01 ·402 5854 
376/8 Edgware Rd. W2 01-723 0818 
372 Edgware Rd. W2 01·402 8140 
120 Shaftesbury Ave. W1 01·437 9692 
230 Tottenham Court Rd. W1 01·580 1785 
144 Burnt Oak B'way, Burnt Oak. 

Edgware 01-952 7402 

190/4 Station Rd. Harrow, 
Middlesex 01 ·863 7788 

Out of Town 
256 Banbury Rd. Summertown, 

Oxford (0865153072 
55 Gloucester Rd. Brislol 7 (0272) 45791 

No 36 T(a;lsistors/valves/ 
semiconductor's. 
No 18 Olsco lighiing high 
power sound. 
No 17 Hi·f i, TV·t8JXI 
equipmem. 

;~~!ssed'<;:~:elopes~~~S:~ 
enquiries. 

NEW 1975 CATALOGUE 
75p WITH VOUCHERS 

AVAILABLE DECEMBER 

TEST 
EQUIPMENT 
MULTI METERS 
(carr/packing 35p) 

U4324 20Kii 
with case 

£9.25 
U435 20KV 
whh steil cas-e 

£8.75 
U431 3 20KV with 
steel -case £12.50 
U4317 20KVwith case £16.EKJ 
U4341 33KV plu:; transistor 
tester s teal cass £10.50 
U4323 20KV p lus 1KHz 
465KHz OSC wiJh case 
tTI-2 20KV slim type 
THL330 (L33DX) 2KV 
c-obvst 
TPSSN 20KV 
(Case £2.00) 
TPSIOS 2KV 
1W20S 20KV 
TW50K 50KV 
EP10KN l OKV 
AF105 50KV De ·lux~ 

£7.70 
£5.95 

£8.25 
£6.25 

£10.00 
£11.25 
£9.95 

ICaso £1.901 £12.51l 
S 1 OOTR 1 OOKV prvs uansistOI 
tester £22.50 

1250-watt light 
Dimmer 
£3.50 pp 20p 
MANUFACTURED BY 
ULTRALTD. 

Radionic Kits 
X20 
X40 
X40A 

SINCLAIR 
MODULES 
AND KITS 

STM shneo .pre-am.,'lfificr 
AudiltiherurMt 
Z40 15 wat1 31nptifi~: r 
Z60 25 wau amptitier 
PZS pawar supplies for 1 or 2 240 
P28 pCY.\<lr supplies {S l abl 
far 1 ot 2 Z40 
PZ8 POV.<I wpplin !S Too) 
lOt I IU 2Z80 
rransformer fot P28 
FMttme1 
Stern decod~r 
IC20 power tunp kit 
PZ20 p11W81 supply fla 1 tH 21C20 
AI above pos~ p3id 168 enlyl 

£6.20 
£t3.85 
C1t.J5 

£11.95 
£6.95 
£5.45 
£6.95 
£4.98 

£7.98 

£7.98 
£3.95 

£11.95 
(1.95 
£7.95 
£5.45 

GENERAL TEST 
EQUIPMENT 
t• c;rr/D~C:'-'-1 3\11 
ullt:s;$tmd 
\'tw Aa·vo!u!iu ~ll't 

\kf1Hn1~r 
A«mCNiH: 
Trtnsim,.ln~er 
~lc:!nlnit \•to!tm,ru 

AIIIJ:!hutp 
Ttm;:-t.:i;urtprot:e 
hUUI'Mttr 

S ~netJnjrcto: 
PhntSaq~n.;o 
UUPtdt 
SMna~ 25/SOJlOOA 
-t 3100 IMI< $trip (h~n rteo1~ts 
ot TUQAt m ltl'\<ell:fntt$1 
.. Tfta<lrltl dlpmc!er 

44-IH!t!.t-:!H!IUb 
"t Tl$5 ZS f/JII~f •'il\'a \dtll'lll:tff 
1" h~OO llf <J~-t!i riJI GI 

120KH:- SOOMHt 
1 Tl(22il"-Fgentt11tOr 

20tt.."-200KH! 
• H\1--3$0 ~ C'ltll"! I~¥ 1"Sil!or 

tU! !1 
" C31!H Ut-lt.st mttll 1- l llJ Mlb 
• nu&V.:ml)llt{transist~rrutr.r 

• G3 36 II,'[ .:.s:. 20f,b 200KM; 
• c-30.12 SWR Mmr 
• SE3MlA0~•-ti~uacu 

SH&O 1/r.u.Web tU m tnt !u ttt 
CI-S Sc-,pe SOO.C!JiiKH.t I tan fl.OOj 
• &3043 S CP i.1A t>i!ltr l -300MH: 

~::::~~11ub box { ~~tic 
1 ;Jmp •tiJti$blt l1~.1'siotmm (csu t il 
R~d 'eetN'W eouflltr 0-lOr (ew £1 1 
.\1i i!ntotJih1111Hm! (cm5-l!n) 

seeR 
f 11.50 

t11.00 
! 11 .00 
!11.85 
! 11.95 
t 1l.9S 
!S.SS 
£5.!5 
t5.95 
(4,$0 

f44.GQ 
£19.75 

£1U5 
£22.50 

£1895 

OUS 

( 19.50 
CU5 

f 14.75 
(19.75 
£5.15 

!12.95 
05.50 
CUOD 
£6.7b 
£2.40 
U10 
£6.6!1 
!9.11 
r31S 

Oenshi Board Kits 
SR·2A 
SR·3A 
ST·45 
ST-100 

Turner Kits 
10 in 1 
50 in 1 
150 in 1 

£1.10 
£14.95 
£10.SO 
£13.20 

£6.80 
£15.45 
£23.65 

Sinclair Project 80 

PACKAGE DEAlS 
(Carriage/pa-t:kin9 35p• 
2 XZ40. S780. PZS £25,00 
2 XZ60, S780 PZ6 £21.15 
2XZ60. S780 PZ8 I T""" £34.40 

SINCLAIR SPECIAL 
PURCHASES 
.. Projeet 80 stereo 

P<tamplifie< £6.75 post20p 
* Project 605 lOt £19.95 pm 25p 
• Cambridge calcuiatoc 

k;l £1184 postlSp 

CALCULATORS 
Sinclair Cambridge Kit 
Sinclair Cambridge Kit (buil t) 
Sinclair memory 
Sinclair scientific 
Sinclair scientific kit 
Hanimax BC8l7 

£13.50 
£17.50 
£22.50 
£26.95 
£18.50 
£18.30 

Henr~r·s RADio 
EDGWARE ROAD, W2 

Electronic Centres I ' 
404-406 E1ectrontc Components & Equipment 01-402 8381 HI Fi and 
309 PA-Otsco-L1ghttng High Power Sound 01· 723 6963 Electromcs 
303 Spec•al offers and bargains store Centres Open 
All mail to 303 Edgware Road. London W2 1 B W 9 am- 6 pm 

Prices correct at time of preparation. Subject to change w1thout notice. E.&O E. 
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LARGEST SELECTION OF ELECTRONIC 
COMPONENTS AND EQUIPMENT. 
LOW PRICES MEAN LESS VAT. 

You can build the Texan and Stereo FIVI Tuner 
TEXAN 20 + 20 WATT IC STEREO AMPLIFIERS _ 
Foaiures glass fibre PC boards Gardeners low field transformer. 6-ICs. 
10 transistors plug diodes etc. Designed by Texas Instruments engineers 
for Henry's and P.W. 1972. Supplied with full chassis work, detailed 
construction handbook and all necessary parts. Full input and control 
facilities. Stabilised supply overall size 15-s in. x 2| in. x 6| in. mains 
ooeraied. Free leak sleeve with every kit £28.50 (GB post oaidl 

Built and tested £35.00 
STEREO FM TUNER 
Features capacity diode tuning, led and tuning meter indicators, stabilized 
power supply—mains operated. High performance and sensitivity with 
unique station indication IC stereo decoder. Overall size in teak sleeve 
8 in. X 2| in. X 6| in. Complete kit witin teak sleeve £21.00 iGB post paid). Built and tested £24.95 

JOIN THE LARGE BAND OF HAPPY CONSTRUCTORS! 

•V' /. "V/ 

TRANSISTORISED 
MODULES 
Tuners - Power Suppliers 
- Amplifiers 

Amplifiers (All single channel unless stfnetlS 
4-300 9 volt 300 MW £1.75 2004 9 volt 750 MW £2.70 '04 9 volt 1 watt £3.10 304 9 volt 3 watt £3.95 555 12 volt 3 watt £4.10 55bST 1 ? volt l-JXH £5.95 watt El 208 12 volt 5 watt £5.10 6C8 24 volt 10 watt £4.95 410 ?B volt 10 watt £4.55 620 45 vO'l 30 watt £9.96 240 30/35 von 15 watt £545 260 45/50 volt 25 watt £6.95 SA6817 24 volt 64-6 watt £10.20 
Amplifiers with controls El210 12 volt 2j • 2J watts 8 ohms R 50p Mains 5 watts 16 ohms SAC14 Mains 7 • 7 watts 8 ohms 5AC30 Mains 15-15 waits 8 ohms CA038 9 volt l-j-F watts 8 ohms CA068 ' ? volt 3 3 wans 8 ohms 
FM Modules Mallard LP *" 86 FM tuner (front end! with data IC 7MHi o.p MullardLP 1-85 10.7MH2 IF unit Go.-lcr Pcrniability FM tunar (front and) 10.7MH2 o/n 
FM and AM tuners and decoders FM 5231 (lu 2J 6 volt FM tunor T'J3 12 volt version (FM use with decoder! 50431? Stereo Decoder for To 3 1? volt SP62'I 6 volt stereo FM tuner A1007 9 volt MW AM tuner Sinclair 12/45 volt FM tuner stereo recorder to' acovo A" 01 8 9 volt FM tuner in cabinet A1CC5M IS) 9-1? von stereo decoder FM for above 
1062 12 volt ste'eo deccdar. General puraost 
Preamplifiers Sinclair Steteo 60 Preamplifier El300 CART/TAPE/MIC INPUTS 9 volt E131C Stereo 3 -30mV rnal cart 9 volt FF3 Stereo 3mV tape head 9 volt 3042 Stereo 5-20rrV Mag. can. mains EQ25 Mono 3 250mV Tape/cart/flal. 9 volt 
Power Supplies—Mains .npu'. Cchass 470C 6/7 J/9V 300mA with adaptors PbOU 9 volt 600mA HC244R 3. 6 7^ 9 volt 400mA stabilised •PIT 24 von > amp £3.30. "P108C 1 2 volt 1A £4.70 PI? d-i-'? volt O * 1 amp SEIOIA 3/6/8/12 volt 1 amp stabilised pi076 3/4^/6,74/9.12 volt j amp SE800A 1-15 volt 0- A A stabilised 

> rest cased) 

VO : 7 ^ rr 15 volt O.E 

fS.25 C6.30 £11.75 £14.95 £695 £10.50 
C4.B5 £4.50 £4,20 
£7.95 £7.95 f7.B5 £14.515 £480 £7.45 £13.95 £7.50 £6.50 
£6.75 f? 85 £4.75 £4.95 £5.95 £1.95 
*7.25 £3.20 £5.50 £3.30 £7.80 £7.15 £12.75 £4.20 £17.50 

QUALITY CASSETTE TAPES 
"Living Sound" made specially for Henry's by 
EMI Tapes Ltd. 
5 screw type with library case. Post paid (GB) 

3 for 6 for 10 for 25 for 
C60 £1.10 £2.00 £3.15 £7.50 
090 £1.47 £2.85 £4.65 £11.37 
C120 £1.83 £3.54 £5.60 £14.00 

EMI 
SPEAKERS 
Special Purchase 
13x8 chassis speake-s 
icarr/packing 30c each 
or 50p pr) 
* 150 TC 10 watt 8 ohm 
twin cone C2.2Q 
*•450 '0 watt 4. 8. 15 ohm with twin 
twoetars and crossover £3.85 each 
=W 15 watt 8 ohm with tweeter £5.25 
350 20 wait 8, '5 ohm with tweeter 
£7.80 each 
•Polished wood cabinet £4.80 rare., etc.. 3Bp each or 50o pair 

1 '.te* EXCLUSIVE 
5 WATT IC " 
AMPLIFIERS 
Special purchase 5 watt output 8 16 ohm 
load. 30 volt max DC operation complete with data. 
Price £1.60 ea. or 2 for £2.85. 
Printed Circuit Panels 50p, 

UHF TV TUIMEHS 
625-line receiver UHF uansistonscct tuners 
FM. UK operation. Brand new. 
I Post packmg 25p each^ 
TYPE C variable tuning £2.60 
7YP£ B 4 button push-button ladjustaole! 
£3.50 

PA-DISCO-LIGHTING 
EQUIPMENT 

Without doubt UK's best range 0' 
modular and complute equipment. Light- 
ing. mixing, microphones, accessories, 
speakers, amplifiers, lenses etc.. etc. 
FREE stock lists (Ref. No. 181 on request 
CALL IN AND SEE FOR YOURSELF at 
Henry's Disco Centre. 309 Edgware Road. 
01-723 6963. 

HENRY'S HOME ENTERTAINMENT CENTRES LTO 
London 
354;6 Edgware Rd. W2 01 -402 5854 
376/8 Edgware Rd, W2 01-723 0816 
372 Edgware Rd,W2 01-402 8140 
120 Shafiesbury Ave. W1 01-437 9692 
230 Tottenham Court Rd.WI 01-580 1785 
144 Burnt Oak B'way. Burnt Oak. 

130/4 Station Rd. Harrow, 
Middlesex 01-863 7788 

Edgware 

Out of Town 
256 Banhurv Rd. Summetlown. 

Oxford (0866153072 
01-952 7402 55 Gloucester Rd. Bristol 7 (0272145791 

FREE STOCK 
LISTS 
No 36 Transistors/valves/' 
semiconductors. 
No 18 Disco lighting high 
powei sound. 
No 17 Hi-Fi TV-tape 
equipment. 
Send large stamped 
addressed envelope witrf all 
enquiries. 

W 

NEW 1975 CATALOGUE 
75p WITH VOUCHERS 

AVAILABLE DECEMBER 

TEST 

EQUIPMENT 

GENERALTEST 

EQUIPMENT 

MULTIMETERS can/SBM^s 30j * earhpackina S'Jpl up-ess suits V8W Rdvlilu'.iuii!!) SiicnrjU' 8808 
(carr/packing 35p) M.IIMBMir Ac<(ssori«s: £1450 

TiBnsisftf ifi'.fi f 11.00 
J4324 20KV li 1 i ftearonie voltmii'.r (Ibod 
with case L J'J f?: 

Atnirljrrp "cmprtiurr prota £11.95 £11.95 £9.25 1 
U435 20KV S^nal lOiSiic: £11.95 £5.95 with steel case 1 ■ d Phase Soqud'*8 £5.35 

£8.75 J 1 l/in 1 'J f i m ii * K % £87 Pt:fe £5.35 Shunts 75 iOlOOA £450 Ut»U 1 .3 ZONV witn • 3iOD IMA strip chan letoidi £44.00 steel case £12.50 • ruo AC mdlMllfnstei £19.75 U4317 20KV with case £16.50 • TEIS Slid dip miiar 
U4341 33KV dIus transistor 44DKH£-2BMhr £19 95 
tester steal case 
U4323 20KV plus IKHz 

£10.50 • Tk85 <8 •anQ! •sUa .climaift - Tx70D f!F gjrsrslsi IZOKHf-SCOMHf 
£72 50 
£18 95 465KHz OSC vvirh case £7.70 * Tk??0 4F pcnuraTor ill-2 20KV slim tvpc £5.95 2Q*U-200KH.' £19 95 

THI.33D (L33DX) 2KV ■ HM350 >4 nisu-'. irai-iisior £19-50 £6.95 robust C7.&0 • C3C25 Dt-I»ie melt: 1-333 Mlu TP5SN 20KV * TTiflfi Compi:; Irausislot tfslet £14.75 (Case £1001 £8.25 • G3 38 R'C stc. 7QHJ ZOOKH; £19,75 TPS 10S 2KV £6.25 • £3042 SV/fl Mater £5,75 
TW20S 20KV £10.00 ■ SF3EDA Ct siguf riBCfr £12.95 
TWSOK 50KV £11.2 • SHOD M-v-laba-liiiane'eslc; 21-5 Swpe SUO.CaOKHi Irj-r £1.00i £15.50 £43.30 EP10KN 10KV £9.95 • C3043 5 CH f.'A PKier 1-30'JMH.' £5.75 AF105 50KV Deluxe leaisiinta ju6 box . Foil tic £2.40 iCasct £1.901 £12.50 SapKciiaiDi \ 2Cp £2 10 
SlOOTR lOOKVnius t'snsistoi ? amp variahla liaBtiormfn icsn i"'1, £6.65 
tester £22.50 o acl'Plv eouotar 0-1 Oi imh £11 Mains .■ 1 hi above CBtr SOp £8.17 £3 75 

1250-watt Light Denshi Board Kits 
Dimmer SR-2A £7.70 £3.50 pp 20p SR-3A €14.95 MANUFACTURED BY ST 45 €1050 ULTRA LTD. ST-TOO €13.20 

Radionic Kits Turner Kits X20 £6.20 10 in 1 €6.80 X40 £13.85 50 in T £15.45 X40A £11.25 150 in 1 C23.GS 

SINCLAIR 
MODULES 
AND KITS 

ST80 storeo pte-afnnlifier Audio filter unit 24(1 15 wall ainiiMiet 260 25 wan amplifier P25 pcwBt sapp iei for I or 2 Z4G P26 auwer supplies !S Tabl lor 1 ur 2 240 P75 power supplies IS Tab) lO' 1 or 2 260 rtansfcrmet tor PZ8 FM time: Sfeiec OecDder 
IC20 power amp kh PZ20 povrtr supply for 1 cr 2 1020 Al1 abc/e post paid IGB cnlyl 

£11.96 £6.95 £5.45 £6,95 £4.98 
£7.98 
£7.98 £3.95 £11.96 £7.95 £7.95 £6.45 

Sinclair Project 8Q 
PACKAGE DEALS iCamags'oackiiQ 35pl 

2 X 240,5780, P75 2x260,5780 P76 2XZ60. S780.PZ8 I ftari. 
£25.00 £27.75 £34.40 

SINCLAIR SPECIAL 
PURCHASES • Project BD ««roo preampKier £6.75 post 2Qp *Pn^Kt 605 kn £19.95 pssl 26p ' Cambrida* catcuLrtOf kit £13.84 pesl I5p 

CALCULATORS 

Sinclair Cambridge Kit £13.50 
Sinclair Cambridge Kit Ifauill) £17.50 
Sinclair memory £22.50 
Sinclair scientific £26,95 
Sinclair scientific kit £18.50 
HanimaxBC817 £18.30 

Henrys radio' 
EDGWARE ROAD, W2 

Electronic Centres 
404-406 Electronic Components & Equipment 01 -402 8381 Hi Fi and 
309 PA-Disco-Lighting High Power Sound 01-723 6963 Electronics 
303 Special offers and bargains store Centres Open 
AH mail to 303 Edgware Road. London VJ2 1BW 9 am - 6 pm 

Prices correct at time of preparation. Subject to change without notice. E.ftO.E. 
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4~f!!!'! 
9 & 10 CHAPEL ST., LONDON, N.W.I 

ot-m 7851 ol-262 5125 
ADJACENT TO EDGWAIU ROAD MIT LINE STATION 

STEP DOWN tlt/lltv AUTO TR.ANSFORMERS 
3000 watte. Built Into at"l cate with two Ametican 2 pin grounded 
eocket outteta. Carry handle. e ft. malna lead. £21·51. carr. £.2. 
Without caae and fllttnoa a:t•, carr. £1 ·50. 
Othtt l'ypH Available. 110-1500 wotta, fully ahrouded, with. 
Am&rlc.an tocket outlet end 8 fl . ma1na lead. Let us know your 
recrulremente. Send S.A.E. for lltt. 

AUTO TRANSFORMERS 
Partridge. Topped O.ZZ0.230-24o-2SOY 500 wotto unohrouded table top 
connoctlone £2·st carr. 40p. Ltmart. topped 0.240 tt!IY eoo wotta 
unthrouded table top connection• £5·00 carr. 80p. 300 watta £1·50 
carr. !SOp. 

:sTIP DOWN TRANSFORMERS. ISOLATION TYPES 
Drake Pri. 1().().20o-ZZ0.240v Sec. 110v 400 watta. Shrouded typo. 
£1·50. Carr. 75p. Greoham Prl. 20o-22o-240'< Soc. tapped 100.110· 
115v 150 watts. Open type. Terminal block connections £3·75, 
P.P. 40p. Drake Prl. 20o-22o-240v Sec. t10v 50 watts. Open type. 
Table top connection• £2·25. P.P. 40p. 

HOWILLS "C" CORI TRANSFORMERS 
Prl. 20o-ZZ0.240v. ocreen. Sec. 7().().70v. 10 amp. table top con· 
nectlona, ah:e 7X7X7 lncttes, tts·OO, carr. £2·00. PrJ. 220-240v 
Sec. 18..0..18v12·5 ampa conaervatlvely rated. Table top connections 
£10·10, carr. e2·00. 

STEWARTS HIAVY DUTY L.T. TRANSFORMERS 
Prl. 220·240'1. Soc. ono. Topped •-s-s·av 12 ompa. Soc. two 2·5v 
35 ampo. tOKV AC WKG £1S·ot, corr. £2-oo. 

PAR114EKO ISOLATION STEP DOWN TRANSFORMERS 
Prt 20().220-240¥ Sec. 80-100..110.120w 7·5 a.moa contervatively 
rated. Size 8XIX8Inch11. £ncloted type. Tabfa top c;onnectfona. 
£ti·H. carr. L2·0C). 

PARMEKO ISOLATION 1-t TRANSFORMERS 
Ptf. 1~280v In 10v atept. Sec:. 240v 10 amp conttrvativeJy rated. 
Size 12X10XI lnchtt. Encloted type. Table top conneetion,. 
£2t·st, corr. £3'00. 

TRANSFORMERS FOR UNSLEY HOOD AMPLIFIERS 
Fully ~hrouded, tMJnlnel block connectlona. Ptf. 22().240v. Screen 
tap. Sec~ 30-2S-0-25-30v •• 2 ampt. £4·7S. e-arr. 40p. H&avy duty type 
3&-25-0-~. 5 ampa. £1·75. carr. 60p. 

PARMEKO POTTED L.T. 
TRANSFORMERS 

Prl. 115-Z!Ov SCR. Sec. tapptd o~G-45-
50'1 5 amps. £1-50, c11rr. 75p. 
Prl. 110.220-240'1. Sec. 2·5Y42·5 v 
30 amp$, Twice. Will give Sv CT 
60 amps or 10v CT 30 amps. £11·10, 
carr. £1·00. -
Prl. 220-230-24o-250¥. See. 32432¥ 
5 amps. £1t·to, carr. £1-()0. 
All typGs conservatively rated. Brand 
new. fraction of mahr's price. 

PARMEKO 
Op•n typos: Prt. 110.20o-22o-240'<. 
SCR. Sec. 30v 5·$A and 12v 2·2A . 
Table top connections £4·15, carr. 7Sp. 
Prl. 240v. SCR. Soc. 26'1 ·10A and 
12V 0·1A. Table top conneetlona 
£S·st, carr. 75p. 
Prf. ZZ0.240v Sec. - 2A. 
Potted type £3·st, P.P. 40p. 
Prl. ZZ0.240v Sec. 1:1v· SA or e·ev 12A 
andSv&A. Potted tlpe. ~·75, P.P. 75p. 

HILGER AND WATT L.T. 
TRANSFORM IRS 

Prl. 20o-210.ZZ0.230-~4o-25o-28o-310. 
320v S•c. 12v 20 ampe. Open type. 
Terrnlnal bloc:k connections £1·50, 
carr. 75p. 

WODEN C CORE L. T. 
TRANSFORMER 

Prl. 115·230¥ Sec. Tapped 15·20 
25-30v 30 amps. £12·00, -carr £1·00. 

Q.,f.C. Open frame. Terminal Block 
Connections Primaries 220--24()v. No. 1 
Sec. Topped 51-61 65-87-69v. lOa. 
£e·eo, carr • .tt·OO. No. 2. Sec S8 
63-69·74v3a.and 8v3a. £3·75, P.P. 50p. 

GA.RDNERS C CORE LT. 
TRANSFORMERS 

Table top conn&ctlons. Prl. 20() .. 22()-
240Y. No. 1. Sec. 24v 3 ampa £l·:oe_ 
P.P. 40p, No.2. Sec. 25425v 154M/A 
and 7v 1·35A £t·7S, P.P. 25p. No. 3. 
Sec. 8·3v 3A 4 limes, 8·3v 1·5A Sv 3A. 
£3·10, P.P. SOp. No. 4. Sec. 88-73v 
0·6A and 8v lA. £3·0t, P.P. 50p. 

PARMEKO H.T. 
TRANSFORMERS 

C core types. Pri. 22()o.240v. See. 
25Q.0.250v. 50 M/A. 8·3v lA. 8·3v 
0'7A. 6·3Y 0·6A £1·50, P.P. 40p. 
Table top connections. Pri. 2:2()..240¥. 
Sec. 300v 210 M/A and 400v 282 M/A. 
6·3v 3A. 8·3v 2A. 8·3v 1A ~·st, 
carr. 7SQ. Pri. 220-240v. Sec. S10--39Cr 
410v 6 M/A 7Sp, P.P. 25p. 

H.T. TRANSFORMERS BY 
FAMOUS MAKIRS 

No. I Prl. 110·210.230-250¥ Sec. 230Y 
200M/A and 8·3v7A. poltod typo £3·10, 
P.P. SOp, 
No. 2 Pd. t10v·220-240'< Soc. 2SOv 
10 MIA. 15v 1•2A 8·3v 4•5A. Open 
typo £2·00, P.P. 35p, 
No, 3 P.rl. 220-240'1 Sec. ~ 
75 MIA Hv 3A £1-75, P.P. 35p. 
No. 4 Prt. 20o-220-240'1 Sec. 40o-375-
:J50..0.350.3~ 150 MIA 8·4v 7A 
lwict 8·4v 3A. 8•4v 2A 8•4v lA 6•4v 
O·SA potted typo U ·M, corr. 75p. 
No. 5 Prt . IIO.Z!o-240'1 Soc. 70v lA 
and 30v lA polled typo £3·75, P.P. 
75p. 
No. e Prt. Z!o-240'1 S.c. 1875v eo MIA 
and eoo 31 MIA potted typo £4·75, 
P.P. 75p. 
No. 7 Prt. 22().240'< Soc . II304a30v 
lOS M/A. Sv 4A 5Y 2A £4·50, P.P. 7Sp. 
No. 8 Prt. 22().240'1 Soc. 140'1 Ill$ M/A 
8·3v CT HISA. 50v potted type 1A 
£3·5t, P.P. IIOI>. 
No. 8 Prl. ZZ0.240v Sec. 385v 175 MIA 
ond 218v 175 MIA potted type £3·st, 
P.P. SOp. 
No. 10 Prl. ZZ0.240'< Soc. 4104480v 
150 M/A 8·3v 2·8A. 8·3v HA twice 
open I'IPt £4·!10, P.P. 75p. 

H.T, SMOOTHING CHOKIS 
GARDNER 'C' core typea. IOH 250 
M/A £2·00, poot. 40p. 20H 180 M/A 
£2·00, post. 40p.12H 100M/A 85p,,f.ost. 

~~i<eg':.~t~1t~p!~~\~~~:,o ~r" ~:,: 
poot. 40p. 5·2H 350 MIA 112·50. post. 
50p. IOH 300 MIA £2·50, post 50p. 6H 

~~.~!tat~;:: &,~·~s ~r" ~~~.~~.~,A 
L .• T . SMOOTHING CHOKES 

C cort typoo 140 M/H SA £3·0t, P.P. 
75p. 10 MIH 25A £3·75, carr. £1 -oo. 
15 M/H 3·8A £1·75, P.P. 35p. Polled 
typu 4~ M/H 11A £3·0t, P.P. SOp. 

1~s~1He:.~.aP~. P2~,;.sogj,!~ ~~~ 
150 M/H 3A £3·1t, P.P. 50p. 50 M/H 
2A llt·SO, P.P. 35p. 20 M/H I A £1·1t, 
P.P. 25p, 4•8 M/H lOA £2·50, P.P. 
40p, Swinging typoo. C core. 7-5 M/H 
8A·75 MIH O·SA £3·75, P.P . !lOp. 
tO MIH •A·100 M/H O·SA open type 
£2·st, P.P. 25p. 50 M/ H 5A·IOO M/H 
O·SA C cort £2 25, P.P. aSp. 

CONSTANT VOLTAGE 
TRANSFORMERS 

Input 240v + 20" - 10" output 240'1 
+ or-o-a" 30 waHt tncloted In metal 
Cllt, ~X4X4 lno £2·1t, P.P. SOp. 

PLEASE ADDS% VAT TO 
ALL ORDERS INC. CARR. 
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GI!NTS ALARM IIELUJ 
8 voft OC 8 Jnch dla. Gong. Overall 
olze 4i><6X& Inches. £3·51, P.P. 50p. 

DORMAN LOADMASTER S.P. 
CIRCUIT BREAKERS 

Type M3 250/440'1 20 amps £1·11, 
P.P. 251>. 

ITT LEVER SWITCHES 
Type 601 AAO 72-42 4 CO contocto, 
overall s ize 1J-X2XJ Ins. White lever 
gold flash contacts, lOp. Three for 
£1 ·5t, pool paid. 

PLESSEY MINIATURE MICRO 
SWITCHES 

Type UC 7t34. One CO one break. 
Gold flash eontacts. S ize iX!Xi ln. 
Three for SOp, post paid. 

SANGAMO SYNCHRONOUS 
A.C. Z4tv MOTOR TYPI 7 

4 rev. pet hour. S lu 11 plus i spindle . 
1l Inch dla. £5·25, P.P. 25p. 

SPECIAL OFFER OF OMRON 
RELAYS 

Type Mk. 2, 24v. AC. 12v. DC. Two 
7 amp CO contacts, S hole fh:lng. 
lOp, post 5p; 
Type Mk. 2 plug In octal bat& type. 
12v. DC. Two 7 amp. CO contacts, 
75p, post Sp. 

RELAY CONTROL CO. American 
Miniature relays 6v. DC. 1 CO contact. 
Size 1iX1 XI ln.8. 3Sp. p~at. Sp. 

<>I'C~~~~~T~'R"'sCK 
MFD DCV WKG PRICE 

8 2500 £3·00 
8 800 75p 
8 800 lOp 
8 350 40p 
8 750 Np 
6 800 SOp 
4 2000 £t ·ot 
4 1000 .. , 
4 800 4Gp 
4 350 30p 
1 800 20p 
f 200 ltp 
P.P. Add Sp each 1-4 MFD. 

lOt> each 6-8 MFD. 
2Sp each 8 MFO 250()v. 

Pleuey 2+2+2 MFD ISOO.. WKG 
70"C. 75p, P .P. lOt>. 
TCC block etectrolytic capacitors 
1000 MFD 100. DC WKG stp, P.P. 15p. 

MOTOR START CAPACITORS 
TUBULAR TYPES 

• MFD 250v AC. 2·6 MFO 500v DC. 
2-5 MFO 3eOv AC. 2·2 MFO 2SOv AC. 
All at SOp, P .P. 101>. Eire Miniature 
2·2 MFD 400v Sizelfxl Xi Inches. 25p 

rr'e~::.i~ic!~iD~ ~~~ ~ DC WKG 

MARCONI SIGNAL GENERATOR TYPE TF-t44G: Freq. S5 Kcls-25 Mc/s 
inS ranges. Incremental: :1:1% at 1 Mcjs. Output: continuously variable 1 micro­
volt to 1 volt. Output Impedance: 1 microvolt to 100 millivolts, 10 ohms lOOmV -1 
volt - 52·5 ohms. Internal Modulation: 400 c/s sinewave 75% der:>th. External 
Modulation: Direct or via internal amplifier. A.C. mains 200/250\', 40-100 cjs. 
Consumption approx. 40 watts. Measurements 29 x 12t x 10 in. Secondhand 
condition. £27·50 each, Can. £2·00. 

RACAL OSCILLATOR: 1·100,000KHz in 1KHz steps with digit"! readout, 
BFO, CIXIN, FSK, CWW, LSB, USB, ISB, DSB. Line 1 and 2. t:JfJJ) each. 
Carr. £5. 

MODULATOR UNIT: 50 watt, pan of BC-640, complete with 2 x 811 valves, 
microphone and modulator transformers etc. £7·50 each, Carr. £2·00. 
CATHODE RAY TUBE UNIT: With 3in. tube, Type 3EG1 ~CV1526) colour 
green, medium pereistence complete with nu-metal screen, £3·50 each, post SOp. 
APN·l INDICATOR METER, 210• Movement. Ideal for making rev. counter. 
£1·25, po.st 30p. 
VARIAC TRANSFORMERS: Input 115V, output 0-135V at £Amps. £3 each. 
75p post. 

50-LINE TELEPHONE SWITCHBOARD: Complete with all plugs etc., 
excellent cond. £40 each. Carriage £5. 
tO-WAY TEL£PHONE SOCKET STRIPS: 3 connections and 10 jack­
plugs to suit. Similar to PL6S. Complete with 6ft. cord. Ex-equipment, 
good cond. £4 each. Post 50p. _ _ . 
tO-WAY TBLEPHONE LAMP STRIP: Suitable for use wtth the above. 

ft~~YPT~~~HONE MAGNETIC INDICATOR: sov. For use with 
the above items. £2 each. Post 401'· 
10-WAY TELEPHONE SOCKET STRIP: 3 connections . Takes standard 
P.O. Jackp1uss; 201 or 316; and 10..WAY TELEPHONE LAMP STRIP. 
£3 the patr. Post 50p. 

RACK CABINETS: (totally enclosed) for Std. 19 in. Panels. Size 6ft. .high x 21 
in. wide x 16 in. deep, with rear door. £12 each, Carr. £2·50. DELPENA RF GENERATOR'TYPE E.15: 15kW at 500Hz; input 440V 3 ph. 
CLASS "D" WAVEMETER NO. l MK. U: Crystal controlled hetel'odyne 50Hz. £275, Carr. at cost. 
frequency meter covering 2-8MHz. Power supply 6V d. c. Good secondhand cond. H.V. TRANSFORMER: 8000/8000. Output 300m.'\. rms. Size: 12in. x 12in. x 
£7·50 each. Post 60p. 36in. 230V input. £35, Carr. £4·00. 
ROTARY INVERTERS: TYPE PE.218E-input 24-28V d.c., 80 Amps. TELEPHONE CABLE: (Twin) 1,300ft. on metal reel. 1,5 per reel. Carr. £1. 
4,800 tpm. Output 115Va.c. 13 Amp 400 cjs. 1 Ph. P.F.9. '£17·50 each. Carr. £2·00. ANTENNA MAST 30ft. consisting of 10 x 3ft. tubular screw sections (f' dia.) 
REDIFON TELEPRINTER RELAY UNIT NO. 12: ZA-41196 and powel' with base, guyropes and staY' etc. £5 each, Carr. £2. 
supply 200-250V a.c. Polarised relay type 3SBITR. 80-0-80V 25mA. Two stabi- APN-1 ALTIMETER TX(RX: Freq. approx. 410MHz. Complete wh- l.SV 
lised valves CV 286. Centre Zero Meter 10-0-10. Size Sin. x Sin. x Sin. New dynamotor, 3 relaY', precision resistors, 11 valves. Useful breakdown for parts . 
condition 1;1·50, Can. 75p. £4 each, Carr. £1 ·50. 
TS 15C/AP FLUXMETER: Used to provide qual.itative measurements of Bw< AVO VALVE TESTER CT.160: (Portable) similar to Avo Mk. 3 Characteristic 
densities betw~n pole faces of magnets. Range 1200-9600 g&USSC$, ±2%. S/hand Meter. Good cond. £35 each, Carr. £1 ·50. 
good cond. £25 + 60p post. MODULATOR UNIT: Complete with mod. transformer and 2 x 607 Valves. 
AUTO TRANSFORMER: 230V SOe/s, 1000 watts. Mounted in strong steel.ase Mounted 19'" chassis, s• x s•. "As new" cond. £8 each; or secondhand £5 each. 
5in. X 6i-in. X 7in. Bitumen impregnated. '10 each, Carr. £1. QuT. both types £1 ·50. 
UHF ASSEMBLY: (suitable for 1000MHz conversion) incl. UHF valves; 2C42, FIRE-PROOF TELEPHONES: £25·00 each, carr. £1·50. 
2C46, 1B40. Complete with auociated capaciton and screening; 3 manual countert TF.2000 A.F. SIGNAL SOURCE: £17$·00, carr. £1·00. 
0-999. Valves 6AL5 and S x 6AK5. ,10 each, 60p post. WESTON INDUSTRIAL THERMOMETER MODEL 221: 0-100° 3 inch. 
TELEPRINTER TYPE 7B, Pageprintel' 24V d.c. powel' supply, speed 50 bauch dia. scale. Accuracy 1% . £3·00, post 30p. 
per min. 'as new' cond. in or:iainal packing c..se, £25 each; or second hand cond. POWER UNIT: 110/230 volts a.c. input. 28 volts d.c. at 40 amps output. £30·00 
(excellent order) no pans broken, £15 each. Carriage eithel' type £3·00. each, ciUT. £3·00. . 
INSULATION TEST SET: 0-10 ltV negative, earth with amplifier proviSion SMOOTHING UNIT (for the above): £10·00 each, carr. £2·00. 
for checking ionisation. 110/230V a. c. input. S/hand good cond. £30 + £1 carr. SOLARTRON PLUG-IN UNIT TYPE C X-1251: Wideband40MHz. £30 ea., 
AUTOMATIC VIBRATION EXCITER CONTROL UNIT TYPE 1018: 75ppo.st. 
Manufactured by Bruel & Kjoer. 5·5000c/s per sec. S/hand V. good cond. £90, SOLARTRON DUAL TRACE CX-1252: 24MHz. £35 ea., 75p post. 
Can. £2. X-BAND MODULATOR CALIBRATOR TYPE MC-4420-X: Mnfr. James 

VRC 19X MOBILE TRANS/REC: 152-174 me F.M. Power ojput 25 watts. f.fp~7Jh25 6U'Ai:no&ECTIONAL COUPLER: 940-1975MHz. ,35 ea., 
Input voltage 24v. d. c. Weight SOibs. £35·00 each, carr. £3·00. 75p post. 
BRIDGE .M.EGGER: 250V. (Evershed Vignoles) series 2. £30 each. Carr. £1. BACKWARD WAVE OSCILLATOR TYPE SE-215: 6.3 heater, 105V Anode, 
BRIDGE MEGGER:2,500V., series 1. £30 each. Can. £1. 7.9mA. Mnfr. Watkins & Johnson. £811 ea., Carr. £1. 
CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range USTS OF EQUIPMENT AVAILABLE: MOTORS; TELEPRINTERS; 
3000-lO,OOOKHz. Mains 230V 50Hz. Measures crystal current under oscillatory ARS8 SPARES I TEST EQUIPMENT ETC. Send lOp for above lists. 
conditiona and the equivalent resistance. Crystal freq. can be tested in conjunction ALL CARRIAGE QUOTES GIVEN ARE FOR SO MILE RADIUS OF 
with a freer . meter. £15. Carr. £1-50. LONDON ONLY. 

ALL U.K. ORDERS SUBJECT TO 8% VALUE ADDED TAX. THIS MUST BE ADDED TO THE TOTAL PRICE (including post or carriage)· 

If wl•hlng to c•ll 11t 
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ADJACENT TO EDGWARE ROAD MET LINE STATION 

STEP DOWN ZM/llflv AUTO TRANSFORMERS 
3000 watts. Built into sltel case with two American 2 pin grounded socket outlets. Carry handle. 6 ft. mains lead. £39-50. carr. £2. Without case and fittings £22 00, carr. £1-50. Other Types Available. 80-1500 watts, fully shrouded, with American socket outlet and 6 ft, mains lead. Let us Know your requirements. Send S.A.E. for list. 

AUTO TRANSFORMERS 
Partridge.Tapped 0-220-230-240-250v 500 watts unshrouded table fop connections £1-10 carr. 40p. Lemark tapped 0-240 115v 500 watts unshrouded table top connections £5-00 carr. 60p. 300 watts £3-50 carr. 50p. 

;8TEP DOWN TRANSFORMERS. ISOLATION TYPES 
Drake Pri. 10-0-200-220-240* Sec. 110v 400 watts. Shrouded type. £0 50. Carr. 75p. Greeham Pri. 200-220-240r Sec. tapped 100-110- 1l5v 150 watts. Open type. Terminal block connections £3-75, P.P. 40p. Drake Pri. £00-220-240* Sec. HOv 50 watts. Open type. 
Table top connections £2-29. P.P. 40p. 

HOWELLS "C" CORE TRANSFORMERS 
Pri. 200-220-240v. screen. Sec, 70-0-70v. 10 amp, table top con- nections, size 7x7x7 inches, £15-00, carr. £2-00. Pri. 22O-2A0v Sec. 18-0-18v12-5 amps conservatively rated. Table top connections £10 «, carr. £2-00. 

STEWARTS HEAVY DUTY L.T. TRANSFORMERS 
Pri. 220-240V, Sec. one. Tapped 4-5-8-3v 12 amps. Sec. two 2-5v 35 amps. 10KV AC WKG £15-0«, carr. £8 00. 
PARMEKO ISOLATION STEP DOWN TRANSFORMERS 
Pri. 200-220-240* Sec. 90-100-110-180v 7-5 amps conservatively rated. Size 8X8X8 Inches. Enclosed type. Table top connections. £1i »f, carr. £8-00. 

PARMEKO ISOLATION 1-1 TRANSFORMERS 
Pri. 100-2IM>v In lOv steps. Sec. 240v 10 amp conservatively rated. Size 12x10x8 Inches. Encloaed type. Table top connections. £29 50. carr. £3-00. 

TRANSFORMERS FOR LINSLEY HOOD AMPLIFIERS 
Fully shrouded, terminal block connections. Pri. 220-240v. Screen tap. Sec. 30-25-0-25-30V., 2 amps. £4-75, carr. 40p, Heavy duty type 36-B5-0-25-36v. 5 amps. £8-75, carr. 50p. 

PARMEKO POTTED L.T. TRANSFORMERS 
Pri. 115-230v SCR. Sec. tapped 40-45- 50v 5 amps. £1-50, carr. 75p. Pri. 110-220-240v. Sec. 2-5v-0-2-5 v 30 amps. Twice, Will give 5v CT 60 amps or 10v CT 30 amps. £11-00, carr. Cl-00. Pri, 220-230-240-260v. Sec. 32-0-32V 5 amps. £10 00, carr. £1-00. All lypes conservatively rated. Brand new. Fraction of maker's price. 

PARMEKO 
Open types: Pri. 11Q-200-220-240v. SCR. Sec. 30v 5-5A and 12v 2-2A. Table (op connections £4-95, carr. 75p. Pri. 240v, SCR. Sec. 26v 10A and I2v 0-1 A. Table top cpnnections £S S4. carr. 75p. Pri. 220-240V Sec. 24-30-32V 2 A. Potted type £2-50, P.P. 40p. Pri. 220-240V Sec. 13v CA or 6-6v 12A and 5v 6A. Potted type. £4-75. P.P. 75p. 

HILOER AND WATT L-T. TRANSFORMERS 
Pri. 200-210-220-230-240-250-200-310- 320v Sec. 12v 20 amps. Open type. Terminal block connections Cf-50, carr. 75p. 

WODEN C CORE L.T. TRANSFORMER 
Pri. 115-230V Sec. Tapped 15-20 25-30v 30 amps. £12 00, -carr £1-00. 
G.E.C- Open frame. Terminal Block Connections Primaries 220-240V. No. 1 Sec. Tapped 51-61 65-67-«v. 10a. £1-00, carr. £1-00. No. 2. Sec 58 63-6Q-74v3a. and 6v3a. £3-75, P.P. 50p, 

GARDNERS C CORE L.T. TRANSFORMERS 
Table top connections. Pri. 200-220- 240v. No. 1. Sec. 24v 3 amps £3 00, P.P. 40p. No. 2. Sec. 25-0-25v 154 M/A and 7v 1 35A £1 75, P.P. 25o. No. 3. Sec. 6-3v 3A 4 times, 6-3v 1-5A 5v 3A. £3 90. P.P. 50p. No. 4. Sec. 6fi-73v O'SA and 6v 1A. £3-00, P.P. 50p. 

PARMEKO H.T. TRANSFORMERS 
C core types. Pri. 220-240v. Sec. 25O-O-250v. 50 M/A. 6-3v 1A. 6-3v 0-7A. 6 3v 0 6A £150, P.P. 40p. Table top connections. Pri, 220-240v. Sec. 300v 210 M/A and 400v 282 M/A. 6 3v 3A. B-3v 2A. 6 3v 1A £4-50, carr. 75p. Pri. 220-240v. Sec. 370-390- 4t0v 6 M/A 75p. P.P. 25p. 

H.T. TRANSFORMERS BY FAMOUS MAKERS No. 1 Pri. 110-210-230-250y Sec. 230v 200 M/A and fl-3v 7A. potted typo £3-i0. P.P.50p. No. 2 Pd. 110V-220-240V Sec. 2S0v 80 M/A, 15v 1-2A 6-3v 4-5A. Open typo £2 00, P.P. 35p. No. 3 P/i. 220-240V Sec. 250-O-250V 75 M/A 6-3v 3A £1-75, P.P. 35p. No, 4 Pri. 200-220-240V Sec. 400-375- 350-0-350-375-400V 150 M/A 6-4v 7A twice 6-4v 3A. 6'4v 2A 6'4v 1A 6-4v 0-5A potted type £5-00, carr. 75p. No. 5 Pri. 110-220-240v Sec. 70v 1A and 30v 1A potted type £3-75, P.P. 75p. No. 6 Pr|. 220-240V Sec. 1875v 60 M/A and 500 31 M/A potted type £4-75, P.P. 75p. No. 7 Pri. 220-240V Sec. 630-0-M0v 105 M/A. 5v 4A 5v 2A £4-50, P.P. 7Sp. No. 8 Pri, 220-240v Sec. 140v 195 M/A 8 3v CT 1-25A. 50v potted type 1A £3-5#. P.P. BOp. No. 9 Pri. 220-240V Sec. 385v 175 M/A and 218v 175 M/A potted type 41-56, P.P. 50p. No. 10 Pri. 220-240V Sec. 480-0-480V 150 M/A 6-3v 2-8A, 6-3v 1-2A twice open type £4-50, P.P. 75p. 
H.T. SMOOTHING CHOKES GARDNER 'C cote types. 10H 250 M/A £2*09, poet. 40p. 20H 180 M/A £2 09. post. 40p. 12H 100 M/A85p, post. 25p. 50H 25 M/A 85p, poet. 25p. PAR- MEKO Potted lypes, 10H 180 M/A £2 80, post. 40p. 5-2H 350 M/A £2-50, post. 50p. 10H 300 M/A £2-50. post SOp. 5H 100 M/A 75p, post. 25p. 15H 75 M/A 75p. post 25p. 50H 25 M/A 75pr 25p. 
L.T. SMOOTHING CHOKES C core types 140 M/H 5A £3 Of, P.P. 75p. 10 M/H 25A £2-75, carr. £1-00. 15 M/H 3-8A £1-75. P.P. 35p. Potted types 4-6 M/H 11A £3 0#, P.P. SOp. 100 M/H 2A £2 50, P.P. SOp. 130 M/H 1-15A £1-90, P.P. 25p. Open type 150 M/H 3A £3-90, P.P. SOp. 50 M/H 2A £1-50, P.P. 35p. 20 M/H 1A £l i0. P.P. 2Sp. 4-8 M/H 10A £2-50, P.P. 40p. Swinging types. C core. 7-5 M/H 8A-75 M/H 0-5A £3-75, P.P. 50p, 10 M/H 4A-100 M/H 0-5A open type £2-50, P.P. 25p. 50 M/H 5A-100 M/H 0-5A C core £2-25. P.P. 35p. 

CONSTANT VOLTAGE TRANSFORMERS 
input 240v + 20% — 10% output 240v -for— 0-5% 30 wetts enclosed In metal case, 5?x4x* ins £2-90. P.P. 50p. 
PLEASE ADD 8% VAT TO 

ALL ORDERS INC. CARR. 

GENTS ALARM BELLS 6 volt DC 6 Inch dla. Gong. Overall size 4^x6x6 Inches. £3-5f, P.P. SOp. 
DORMAN LOADMASTER S.P. CIRCUIT BREAKERS Type M3 250/440v 20 amps £1-00, P.P. 25p. 

ITT LEVER SWITCHES Type 601 AAO 72-42 4 CO contacts, overall size 1iX2xi Ins. White lever gold flash contacts, BOp. Three for £1-50, post paid. 
PLE8SEY MINIATURE MICRO SWITCHES Type LIC 7134. One CO one break. Gold flash contacts. Size {xjxi In. Three for SOp, poet paid. 
SANGAMO SYNCHRONOUS A.C. 240v MOTOR TYPE 7 4 rev. per hour. Size 1i plus 1 eplndle. 13 Inch dla. £1-25, P.P. 25p. 

SPECIAL OFFER OF OMRON RELAYS Type Mk. 2, 24v. AC. 12v. DC. Two 7 amp CO contacts, S hole fixing. Mp, post Sp.' Type Mk. 2 plug In octal base type. 12v. DC. Two 7 amp. CO contacts, 79p, post 5p. 
RELAY CONTROL CO. American Miniature relays 0v. DC. 1 CO contact. Size lixixi ins. SSp. post. 5p. 

AIWIllId BLic 
MFD 8 

)CK CAPACITORS DCV WKG PRICE 2500 £3 00 8 800 75p 8 000 60p 8 350 40p 6 750 Mp 6 000 SOp 4 2000 £100 4 1000 Mp 4 600 40p 4 350 30p 1 600 20p 1 200 lOp P.P. Add 5p each 1-4 MFD. 10p each 6-8 MFD. 25p each 8 MFD 2500v. Plessey 2-r2+2 MFD 1500v. WKG 70oC. 75p, P.P. lOp. TCC block electrolytic capacitors 1000 MFD lOOv DC WKG 50p, P.P. 15p, 
MOTOR START CAPACITORS TUBULAR TYPES 4 MFD 250v AC. 2 6 MFD 500v DC. 2-5 MFD 30Ov AC. 2 2 MFD 250v AC. All at SOp. P.P. 10p. Eire Miniature 2-2 MFD 400v Size Hxl Xi inches. 25p post paid. TCC 8 MFD 800v DC WKG electrolytics 75p, P.P. 15p. 

MARCONI SIGNAL GENERATOR TYPE TF-144G: Freq. 85 Kc/s-25 Mc/s 
in 8 ranges. Incremental: ±1% at 1 Mc/s. Output; continuously variable I micro- 
volt to I volt. Output Impedance: 1 microvolt to 100 millivolts, 10 ohms lOOmV - 1 
volt - 52-5 ohms. Internal Modulation: 400 c/s sinewave 75% depth. External 
Modulation; Direct or via internal amplifier. A.C, mains 200/250V, 40-100 c/s. 
Consumption approx. 40 watts. Measurements 29 X 12J x 10 in. Secondhand 
condition. £27-50 each, Carr. £2-00. 
MODULATOR UNIT: 50 watt, part of BC-640, complete with 2 x 811 valves, 
microphone and modulator transformers etc. £7-50 each, Carr. £2-00. 
CATHODE RAY TUBE UNIT: With 3in. tube. Type 3EG1 (CV1526) colour 
green, medium persistence complete with nu-metal screen, £3-50 each, post SOp. 
APN-I INDICATOR METER, 270° Movement. Ideal for making rev. counter. £1-25, post 30p- 
VARIAC TRANSFORMERS: Input 115V, output 0-135V at 2 Amps. £3 each. 
75p post. 
RACK CABINETS: (totally enclosed) for Std. 19 in- Panels. Size 6 ft. high X 21 
in. wide x 16 in. deep, with rear door. £12 each, Carr. £2-50. 
CLASS "DM WAVEMETER NO. 1 MK. II: Crystal controlled heterodyne 
frequency meter covering 2-8MHz. Power supply 6V d.c. Good secondhand cond. 
£7-50 each. Post 60p. 
ROTARY INVERTERS: TYPE PE.2I8E—input 24-28Y d.c., 80 Amps. 
4,800 rpm. Output 115V a.c. 13 Amp 400 c/s. 1 Ph. P.F.9. £17-50 each- Carr. £2-00. 
REDtFON TELEPRINTER RELAY UNIT NO. 12: ZA-41196 and power 
supply 200-250V a.c. Polarised relay type 3SEITR. 80-0-80V 25inA. Two stabi- 
lised valves CV 286. Centre Zero Meter 10-0-10. Size Sin. x 8in. x 8in. New 
condition £7-50, Carr. 75 p. 
TS 15C/AP FLUXMETER: Used to provide qualitative measurements of flux 
densities between pole faces of magnets. Range 1200-9600 gausses. ±2%. S/hand 
good cond. £25 + 60p post. 
AUTO TRANSFORMER; 230V 50c/s, 1000 watts. Mounted in strong steeLcasc 
Sin. x 6iin. x 7in. Bitumen impregnated. £10 each, Carr. £1. 
UHF ASSEMBLY: (suitable for 1000MHz conversion) incl. UHF valves; 2C42, 
2C46, 1B40. Complete with associated capacitors and screening; 3 manual counters 
0-999. Valves 6AL5 and 8 x 6AK5. £10 each, 60p post. 
TELEPRINTER TYPE 7B, Pageprinter 24V d.c. power supply, speed 50 bauds 
per min. 'as new* cond. in original packing case, £25 each; or second hand cond. 
(excellent order) no parts broken, £15 each. Carriage either type £3-00. 
INSULATION TEST SET; 0-10 kV negative, earth with amplifier provision 
for checking ionisation. 1I0/230V a.c. input. S/hand good cond. £30 -f £1 carr. 
AUTOMATIC VIBRATION EXCITER CONTROL UNIT TYPE 1016: 
Manufactured by Bruel & Kjoer. 5-5000c/s per sec. S/hand V. good cond. £90, 
Carr. £2. 
VRC 19X MOBILE TRANS/REC: 152-174 mc F.M. Power o/put 25 watts. 
Input voltage 24v. d.c. Weight SOlbs. £35-00 each, carr. £3-00. 
BRIDGE MEGGER: 250V. (Evershed VignoJes) series 2. £30 each. Carr. £1. 
BRIDGE MEGGER: 2,500V., series 1. £30 each. Carr. £1. 
CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range 
3000^10,000KHz. Mains 230V 50Hz. Measures crystal current under oscillatory 
conditions and the equivalent resistance. Crystal freq. can be tested in conjunction 
with a freq. meter. £15. Carr. £1-50. 

RACAL OSCILLATOR: l-lOO.OOOKHz in IKHz steps with digital readout, 
BFO, CWN, FSK, CWW, LSB, USB, ISB, DSB. Line 1 and 2. £200 each. 
Carr, £5.    

50-LINE TELEPHONE SWITCHBOARD: Complete with all plugs etc., 
excellent cond. £40 each. Carriage £5.  , , 
10-WAY TELEPHONE SOCKET STRIPS: 3 connections and 10 iacK- 
plugs to suit. Similar to PL68. Complete with 6ft. cord. Ex-equipment, 
good cond. £4 each. Post SOp. _ .. , . , , 
I0-WAV TELEPHONE LAMP STRIP: Suitable for use with the above. 
£2 each. Post 30p. 
10-WAY TELEPHONE MAGNETIC INDICATOR; 50V. For use with 
the above items. £2 each. Post 40p. , . , , 
10-WAY TELEPHONE SOCKET STRIP: 3 connections. Takes standard 
P.O. Jackplugs; 201 or 316; and 10-WAY TELEPHONE LAMP STRIP. 
£3 the pair. Post SOp. 

DELPENA RF GENERATOR TYPE E.1S: 15kW at 500Hz; input 440V 3 ph. 
50Hz. £275. Carr. at cost. 
H.V. TRANSFORMER: 8000/8000. Output 300mA. rrns. Size; 12in. x IZin. x 
36in. 230V input. £35, Cart. £4 00- 
TELEPHONE CABLE: (Twin) 1,300ft, on metal reel. £5 per reel. Carr. £1. 
ANTENNA MAST 30fi. consisting of 10 x 3ft, tubular screw sections (j' dta.) 
with base, guyropes and stays etc. £5 each, Carr. £2. 
APN-1 ALTIMETER TX/RX; Freq. approx. 410MHz. Complete wit- 28V 
dynamotor, 3 relays, precision resistors, 11 valves. Useful breakdown for parts. 
£4 each, Carr. £1-50. 
AVO VALVE TESTER CT.160: (Portable) similar to Avo Mk. 3 Characteristic 
Meter. Good cond. £35 each, Carr. £1 -50. 
MODULATOR UNIT: Complete with mod. transformer and 2 x 807 Valves. 
Mounted 19" chassis, 8" x 8". "As new" cond. £8 each; or secondhand £5 each. 
Carr. both types £1 '50. 
FIRE-PROOF TELEPHONES: £25 00 each, carr. £1-50, 
TF.2000 A.F. SIGNAL SOURCE: £175 00, carr. £1 00. 
WESTON INDUSTRIAL THERMOMETER MODEL 221: 0-100° 3 inch, 
dla. scale. Accuracy 1%. £3 00, post 30p. 
POWER UNIT: 110/230 volts a.c. input. 28 volts d.c. at 40 amps output, fdu-ou 
each, carr. £3'00. . 
SMOOTHING UNIT (for the above): £10 00 each, carr, £2 00. 
SOLARTRON PLUG-IN UNIT TYPE C X-12S1: Wideband 40,MHz. £30 ea., 
S^SiTaRTRON DUAL TRACE CX-1252: 24MHz. £35 ea., 75p post. 
X-BAND MODULATOR CALIBRATOR TYPE MC-4420-X: Mnfr. James Scott. £125 ea., Carr. £l.    
HP-766D DUAL DIRECTIONAL COUPLER: 940-1973MHz. £35 ea-, 
BACKWARD WAVE OSCILLATOR TYPE SE-2IS: 6.3 heater, 105V Anode, 
7.9mA. Mnfr. Watkins & Johnson, £85 ea., Carr. £1. 
USTS OF EQUIPMENT AVATLABLK: MOTORS; TELEPRINTERS; AR88 SPARES; TEST EQUIPMENT ETC. Send lOp for above lists. 
air CARRIAGE QUOTES GIVEN ARE FOR 50 MILE RADIUS OF 
LONDON ONLY. 

ALL U.K. ORDERS SUBJECTT0 8% VALUE ADDED TAX. THIS MUST BE ADDED TO THE TOTAL PRICE (includinB post or carriage). 

3-B TRULOCK ROAD, LONDON. N17 0PG 
Phone: 01-308 9213 and Bedford 740605 (STD 0234). 

If wishing to call at 
stores, please telephone 
for appointment. W. MILLS 
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C. T. ELECTRONICS 
Now open. Our New Componona Shop. These premise. are ve_ry much 
large r and will enable us to have greater stocks than. we alrea dy have. 
Havina all the components under one roof will now ruarant·ee you 
speedier •ervice on the counter, and on the mail order aide. We have 
an enormous ranae of components to Lhoose from.· If you are havin1 
problems aetting your componena then come along. We are open 
from 9.30 a.m. through till 6.0 p.m. Monday to Satu rday. The nearest 
Under1round io Chiswlck Park, and there are no parklnr restl'lctions 

NOW AT 267 AND 270 ACTON LANE, 
LONDON W.4 

SEMICONDUCTORS TIPSSA £3·35 2N1308 25p S .C.R.a T RIACS **SPECIAL OFFERS** TIPS5A £2·&5 2N1309 25p CRS1/05 ...... .. 40p TXL228B 8A 400V 95p 

AC107 SSp BCY'72 25p MPSAOG 3Sp TIP41A 75p 2N161S 25p CRS1/10 .. . ..... SSp SC400 .......... .£1-40 MINIATU RE MAINS TRANSFORMER. PRI. 
AC1S5 25p B0121 7Sp MPSA16 30p TIP42A lOp 2N1711 25p CRS1/20 ..... .. . lOp SC40E .. ........ .£1·15 240V. SEC,12V. 100MA Manu!.: Hinchley. 
AC126 tsp B012S 75p MPSA66 35p 2N2147 70p CRS1/40 ..... .. . 8Sp SC450 . .... .. ... .£1·70 Size: 36 x 45 x 40mm. F.C. 53mm. 
AC127 27p 80124 lOp MPSUOG 75p TIP29B Sip 2N2160 tsp CRS1160 ........ 90p SC45E • .. • .. .. .. £2·10 Price 1..aSp. 100-60p ea. 1 ,000-SOp e a. 10,000~p ea. 
AC12S 28p 80131 75p MPSU56 70p TIPSOB 80p 2N2217 25p CRS3/10 .. .. .. .. Up scsoo ... .. ..... .£2·02 

AC176 27p 80132 15p NKT135 35p TIP31B 70p 2N2218 25p CRS3/20 • .. . .. .. ·Up SCSOE ... ....... .£2·70 3 CORE PVC INSUL.ATED MAINS CABLE, 
2N2219 25p CRS3/40 .. .. .. .. lOp DIAC ........... 25p GREY Ml6fl60. 3x7/0·2mm Price 100m-£4·50. IOOOm· 

ACY17 25p 80153 75p NKT222 2Sp TIP32B Sfp 2N2222 20p CRS7/400 ....... .£1 ·00 .£35, 1 o,ooom-£330. 
ACY18 30p B0166 75p NKT17S 30p TIP2SB £t-12 2N2222A 2Sp CRS16/100 .. .. .. I Sp LINEAR I.C.a 0·47mfd. 50V MYLAR FILM CAPACITOR. ACY19 30p BOY II £1·40 NKT774 25p TIP34B £1·80 

2N2SOG 78p CRS16/200 .... .. lOp l M309K SV. 1A. Slze1" x 0·35" x 0•65"' P .C. Mount. Pri c;e 100-4p ea. ACY20 25p BOY17 .£1-80 0A10 20p TIP35B £2·11 
ACY39 SSp BOY19 .£1-05 OA47 lOp TIP36B £3-14 2N2640 SOp CRS16/600 . .. . .. £1-St Voltage Reg ... .£2·10 1000-3p ... 

ACY21 30p BF152 20p OA70 12p TIP41B 03p 2N2848 £1-50 C10GB .. ...... .. 45p LM723C 2·37V. 150mA 240V. A. C. SOLENOID. Re:.,er&ible operation; 
A0140 lOp BF184 14p OA79 12p TIP42B 98p 2N2904 25p C10GO .......... 70p ·Voltage Reg ... .£1·05 twin coli . S ize approx. 2f x 11- x Hin. 9tp ea. 
AD149 tsp BF195 ISp OA81 lOp T IP29C 71p 2N2905 25p 40689 ........... lOp MFC4000 250mW SO unmarked OC71 transistors .£1-0t 
AD161 = BFX20 38p OA90 lOp TIP30C 71p 2N2905 25p TIC44 ........... 3$p A.udio •• , • , •. • .... 25 Unmarked 250mW Zenerdlode, 4·7V, S·IV, 6·2V, 
AD162 BFX84 30p OA91 11p TIP31C 05p 2N2907 25p 2N4444 .. ... ..... .£1·90 TBA800 S Watt 7·5, 9·1V, 10Y. Measured and tested. £1 ·01 
AOZ11 .£1-lt BFX85 30p OA200 lOp TIP32C £1-15 2N2926 12p BT10/SOOA ...... 90p Audio ....... . £1 ·50 Please state voltage required. 
AF114 25p BFX86 30p OA202 10p TIP2SC £1·30 2N3053 25p 

BRIDGE 
109C Op Amp O.I .L./ 50 GE Diode OA47 equivalent. £1·00 

AF115 25p BFX68 30p OA210 3Sp TIP34C £1-tO 2N30154 tsp 
RECTIFIERS 

T099 .. ... ... 45p 
AF116 25p BFY10 3$p OA21f 3fp TIP35C .£3·20 2N3055 05p 

W02 1A 200V .. .. 3fp 
74fC Op Amp 8/14 TRANSFORMI R: DOUGlAS PRI, 0,115, 200, 220 

AF111 25p BFY44 SOp OC18 lOp TIP38C £4·10 2N3232 70p 7Jc:'·lcr.;o~.,;.; ssp 240 SEC. 2S..0.2546V, 2iA, .£4-50 + SOp p,p. 
2N3526 t5p BY164 HA 200V $7p 

AF118 .... BFY50 ZSp OC19 ISp TIP41C" 95p MOA952/2 6A TRANSFORMER 
AF172 30p BFY51 25p OC22 ssp TIP42C .£1-10 2N3702 14p 

100V ...... .. .. lOp 
O. l.l. ........ 75p PRI. 0, 115, 160, 205, 225, 245. SEC. 35-o-35, 1·2A 

ASY28 SOp BFY52 ZSp OC26 tsp TISSO .... 2N3703 IZp 747C Dual Op £4·50 + SOp. p.p. 
ASZ21 .... BFY53 ZSp OC28 tsp ZTX107 1Sp 2N3074 12p 

ZENER DIODES 
Amp ......... : £1-Zt 

BA102 3$p BFY90 .... OC35 lOp ZTX300 15p 2N3705 1tp 
BZV68 Series 400<'nW ZN414 Radio I.C. £1 ·25 MULLARD TUBULAR CI RAMIC UHF TRIM· 

BA112 SOp BSW83 f Sp OC36 ISp ZTXSOO • liP 2N3706 Up 3·3V·33V, 5% • ••• Up TA0100Ra dlo I.C. Inc. MERS (PROFESSIONAL) 
· BA114 tOp BSW88 H: OC42 40p ZTXSOI 20p 2N3707 12p 1·6W range ... .. 25p Filter ...... . .. .£1·10 

Type 092 0·8-2·2p} 
BAI56 Up BSY95A OC« 20p ZTX504 SOp 2N3708 12p 10W range, •. •• , 4Sp CA30f4 . .. .. .. .. £1-55 ~ 0·8-2·2p Price lOp eo. 
BC107 14p Cl11 IIOp OC45 20p ZTX531 SOp 2N370i 12p CA3018 . ........ £1'80 981 0·5-1·3p 
BC106 Up C426 40p ZTXSSO ' 25p 2N3171 £2·70 L.E.D. · CA3028 ......... £1 ·20 

BC109 u~ BY100 Up OC70 15p IN659 lp 2N3772 .£2·15 Tll.209 .......... Zip CA3086 .. .. .. • .. .£1·00 QUANTITY DISCOUNTS PLEASE TElEPHONE 
BC147 BY126 20p OC71 17p IN914 lp 2N311S .£2·95 HP5082 ......... 28p CA3046 ....... .. 95p 
BC148 12p BYI27 2tp OC72 20p INII16 tp 2N3819 3Sp MA2082R ....... 25p CA3048 .. .. .. • .. .£2·35 ~OO;Opf Feedthrough capac:ttor Sp ea. 
BC149 Up ~:: tsp OC75 2Sp tN4001 lp 2N3820 SSp CA3075 ......... £1-M Miniature tubolar P.C. trimmers 
BC153 15p ISp IN4002 tp 2N2S68 tsp L. D.R. CAa090Q .. .. .. • .£4·15 3·5-13pF 
BC157 14p IS103 20p OC7& 25p IN4003 tp 2N3904 Z2p ORP12 .......... NP MC1303L ........ .£2·28 8-30pF lOp ea. 
BC168 ISp M.J340 SSp OC77 40p IN4004 1tp ·2N3905 25p Si'f'/6023 6w audio 4p c/o Varley 7000 relay stpea. 
BC169C 14p MJ481 H p OC81 25p IN4005 1Zp 2N4058 12p NE555 Timer .. .. lOp with circuit.. .. .£1·75 T03 VOLTAGE REGULATORS 
BC162 10p MJII801 £1·25 OC83 25p IN4008 1Sp 2N405e Up l005 SV 650mA 
BC18S 14p MJ2901 £2·20 OC84 25p IN4007 Up 2N40e0 l2p l036 12V SOOmA 
BC184 14p MJE340 50p IN4148 7p 2N4061 t2p METAL BOXES L037 15V 450mA 
BC212 14p MJE370 75p OC139 ~p 2Ne96 2Sp 2N412e 17p ALUMINIUM BOXES IDEAL FOR VEROBOARD 

.£t·8t•a. 

BC213 14p MJE311 .... OC170 2Sp 2Ne97 20p 2N4286 15p WITH BASE AND P.K. SCREWS 
BC214 Up MJE$20 85p OC17! ~p 2N698 25p 2N4287 ISp AB7 2i"long st• Wide 1r High ........... SOp VIROBOARD 
BCQOO 12p MJE2S55 £1·95 OC200 SOp 2N70G IZp · 2N4286 lip AB8· ,. •• 1 • ...... >, .... SOp 0·1 11-15 
BCY38 40p MJ£30115 ISp 2N70GA ISp 2N4289 15p AB8 .. n: 1 . .. .. .. ..... SOp u x at Up 2Sp 
BCY31 55p MM1813 85p OC201 .... 2N708 ISp 2N4290 el-~ ABIO ,. • 1 • .. ..... .... SOp xs 3Sp- 35p 
BCY32 OSp MM1712 .... OC202 15p 2Ni30 20p 2N4444 AIB11 •• 2 • 2" .. ...... ....... xst SSp 3Sp 
BCYSS 45p MPF102 45p T)P29A 48p 2N1132 25p 2N4871 Up ABJ2 3" 2" t• . .. ........ 44p xs 40p "p 
BCY34 .... MPF103 TIPSOA SOp 2N!302 lip 2N4920 lOp AB13 e· .. 2" .. ...... ... 70p 17 X 2) £1-IIS 71p 
BCY38 OSp (2N5457) 3$p TIP31A Up 2N1308 lip 2N5191 top AB14 r 5" 2t" .. . ........ 14p 17 X 3 .£1-43 .£1-12 
BCY39 £1-10 MPF104 2N1304 25p 2N5194 £1-10 · AB15 ~· 6" 3" . . .. .. .. .. £1·00 17 X 'S .£t·l4 -
BCY58 .£1-tt 5~ :ssp TI~A 74p 2N1305 25p 40390 50p AB18 10" r 3" ..... . .... £1-22 PIN INS.-TOOio. ' 72p 72p 
BCY70 22p TIP33A £1-05 2N1306 2Sp 40<361 SOp AB17 10" 4i" 3" .......... £1 ·10 SP.F. CUTTER 52p 52p 
BCY7! 2\tp (2N5459) 40p TIP34A £!·55 2N1307 2Sp 40362 SSp AB18 12' s• a• ... .. ..... .£1·20 100 PINS SS 3tp 30p 

OTY. DISCOUNTS: 12+ 10%: 25+ 15%: 100+ 20% AB19 12" 8" a· .......... £1-to 100 PINS OS 3tp 30p 
600 PINSSS £1·28 .£1·20 

DIGITAL INTEGRATED CIRCUITS SN74107 SSp SN74187 .£0·15 ALUMINIUM BOX.ES WITH SLOPING TOP 500 PINS OS £1·20 .£1-29 
SN74110 • .... SN74170 £4-10 PANEI.-IDEAL FOR PRE·AMPS; ETC., USING Pri ces Correct June 12 
SN74118 .£1·00 SN74174 £2 .. SLIDER CONTROJ;S . 

SN7400 20p SN7428 SOp SN7473 40p SN74119 £t-et SN74175 £1·:1S :AB20 8"long 9"Wide st"Highatbacl< ....... £2·00 

SN7401 20p ~~~~ 20p SN7474 40p S.N74121 JSp SN74176 £He 2"Hloh at front 6" Slope to front NEW SERIIS TRANSISTOR DATA BOOKS 
SN7402 2tp 42p SN7475 SSp SN74122 £1·35 SN74177 .£1·10 With P.K.Screws 1, DTA3 USA Band S Transistor Charac1eriatlos. 
SN740S 20p SN74S3 'lip SN7476 45p SN7412S £2·78 SN74180 £1·55 

AB21 Ae above but 10" long .. .. • .. .. • .. .. .. £2·20 2N21-2N-all numbers • 
SN7404 2tp SN7437 asp SN7480 lOp SN74141 £1·00 A822 At above but 12"'1ong .. .. . .. .. .. .. .. • .£2·40 2. THT Thyristor, Ttlac, DJac. Put,·UJT's . 
SN7405 20p SN74S3 ISp SN7481 £1·15 SN741~ £1·SO SN74181 £He 3. DT15 Japanese Translator Characcerlstlcs. 
SN740G 30P SN7440 2tp SN7482 87p SN74150 .£3·35 SN74182 £2-et VCI VU METIR .£2·SO 

2SAo2SB, 2SC. 2SO numbers. 

SN7407 lOp SN7441AN '15p SN74S3 £1-tO SN74151 £!-It SN74184 £2·45 The V411scallbrated -20 to + 3 and 0.100%, making 
4, OVTDiode, Comparison Tables. 

SN7408 20p SN7442 7Sp SN7484 top SN74153 .£1·35 SN7418SA .£2-40 &. Band 1. Transistor Charaeterlatlca. 
SN7409 4Sp SN7443 .£1·00 SN7488 4Sp SN74154 .£2 .. SN74190 .£1 ·9$ 

It suitable for uae a a a recordJng level meter or as a European numbers AC. Af, BC, BF, etc. 
power outp:ut indicator. 6. TVT. Tra.nsistor fQulval8nt Tables. SN7410 20p SN7445 .£2·00 SN7490 75p SN74158 £1-SS SN741111 .£HS Sensitivity: 130 uA. Internal ru latanco: 600 

SN7411 23p SN7448 .£2·110 SN7491 AN .£1 ·110 SN74166 .£1·55 ohma. Dinienstons: 40 x .40 x 29 mm. 
All book.$ contain pin connectJons and semi· 

SN7412 = SN7447 £1·75 SN7492 7Sp SN74157 .£1• .. SN74192 £2·ee conductor outlines. 
SN7413 SN7448 .£1·75 SN7468 7Sp SN74160 .£2-lt SN741~3 £2·00 PRICE. £t-10 per book. £8 per 6 books Inc. post. 
SN1416 30p SN7450 20p SN7484 .... SN74161 .£2·10 SN74l84 £2·SO ALSO STOCKED 
SN7417 38p SN7451 ZOp SN7495 lOp SN74162 .£3·48 SN74195 £1-15 :::~~:~~~~fe~P~f~!~~en~~~~~&r ~f:ot:Pa~~~~~. V.A.T. 
SN7420 20p SN4753 20p SN7496 .£1·00 SNi'4163 £3·40 SN74196 £t·SO Unless otherwise stated all pdces ~re EXCLU· 
SN7422 48p SN7454 20i> SN7497 · £8·25 SN74184 £2·75 SN74197 £1-St 

etc. Resistors iW-10Watt. Potentiometers: .carbon, SIVE of V.A.T. P lease add 10% to all orders. 
SN7423 4tp SN7460 20p SN74100 £2·SO wlrewound, Preset, Rectilinear multlturn. Antex Carr·Jage : orders under £5 + 20p. Over £5 
SN7425 ~: SN7470 3tp SN74104 £1·45 SN74165 .£4·ot SN74198 .£4·M SolderJng Jrons switches, rotary, alide, toggle. etc. post free. ' 
SN7427 SN7472 30p SN74105 .£1·110 SN74168 .£4·00 SN74199 £A·M Cable, veroboatd • 

AUDIO ACCESSORY SHOP, 17 TURNHAM GREEN TERRACE, CHISWICK W.4 
CM10 
CM20 
CM73 

C092 

C096 

001 

005 

006 

OM18HL 

DM73 

OM81 

OM82 

OM84 

OM614 

PROMS 

PROM10 

PROM20 

PROM25 

UDSOHl 

MICROPHONES 
PRICES INC. VAT 

Crystal Lap.fl Microphone with lead and P lug .... lOp 

~~n.~z:'ttr:c;:~f~~h·~~ ~~f~og:rrch· teact ·a~d· .£s·z.-
Piug . .. ...................... . .. ..... .... .. ... £2·28 

Omnl Olrec:tional Cap!lcitor Microphone with 
built In Preamplifier, Cable and Windshield . . • £14·00 

Cardioid Capacitor Microphone aa above, both 
types with Switch, both 600 ohms .... ... ....... £18·00 

Cassette Dynamic Microphone with Plugs for 
signal and atop/start. 200 ohms . •• • ••••• .•.•.• . £2·21 

El&etret Paging Microphone, on table stand with 
gooseneck and switch. 600 ohms • . •.• •••.• •• •. £t4·ot 

Lavaller Microphone with Windshield; Lavalier 
Cord, 6 metres Cable. 600 ohms/50 k •.•.. •••• • . £!1-2t 

Dual lm,pedance Dynamic Microphone with desk 
sta nd. 600 ohms/50 k ....... .... ....... .. , .... . £10·SO 

Omnl Directional Dynamic Microphone with 
duk stand, 6 metres Cable and Plug. 50 k. ohms £te·ot 

Remote DynamiC Microphone, cassette type 
w[th Plugs. 200 ohms . ......................... £1 :" 

Remote Caasette CardiOid Microphone with 
Plugs, 200 ohms ........... .. . .... ............ £2·40 

Omnl OJre<:tlonal Dynamle: Microphone with 
Slide on Windshield a nd Switch. 50 k: ......... . £1·st 

PencH Type Oyanmlc Microphone wi th Cable. 
lavoller Cord and Base. 50 k ....... ............ £3·28 

La valier capeoltor Microphone with Tie Clip. 5.8 
metres Cable. 600 ohms . . .... . ........ .. ...... .£1t·ot 

Omnl Dlreetfonal Capacitor Microphone with 
8 metres Cable. 600 ohms . ••• , .. . . , . , •••.. ••• . • £30·90 

Uni·Dir&etlonal Capacitor Microphone with 6 
metrea Cable. 800 ohms •.• , , •• • . • ••• , ••• • , • , .£$:t··H 

Capacitor Boom Arm Microphone with Arm, two 
Windshields, Cable. 600 ohms ....... .... . .... .£34·10 

c~r:W~~. f~~re':g:~r~:!n:'~~:.hgooe oh~~? 
SOk .. . ...... . .. . ... .. . ...... ... .. . . . .......... £12-tt 

Slim l .l ne Cryo!al Microphone with Switch, 
cable and Con.nector •.• •••. ••• ••••••••••••• ••• £3·ae 

CTS 

CTI0/8 

CT10118 
OTSS 

FF27 

FF28 

HT15 

HT21 

MHT10 

CN2S 

FF5 

FFSO 

SN15 

TWEETERS 
PRICES INC. VAT 

Cone Tweeter. freQ. 3000-15000 HZ. Crosa·over 
freQ. 3000 HZ. Imp. 8 ohms. Suitable for 
systems up to 10 watts RMS ................... .£1·M 

Pr~~~u~ro~~~~e~Yfr:q~=erH{'1~·p.1~h~ 
Suitable for oyotems up to 20 watts RMS . . . .. .. ,£2·10 

As above but 16 ohms •. ••• .• •.•.•. • . •• .• •• .•. ••. £2·11 
Dome Tweeter, Freq. ~18000 HZ. Croaeover 

freq, 3000HZ. Imp. 8 ohms. Suitable for systems 
up to 40 watts ................................. £5·78 

Dome Tweeter. Freq. 20()()..200()0 HZ. Crossover 

~;\;, s:' v!!i~'llf.i:.~~~~·. ~-~·~~~~~-~~.r. ~~~~~':'.~ • .£4·-10 
Hom Tweeter. Freq. 3:()()0..20000 HZ. Cros.aover 

I raq. 3000 HZ. Imp. 8 ohms. Suitable for 
aystema up to 20 watts RMS . .... .. .. ...... .... £1·20 

Horn Tweeter Freq. 2001)..18000 HZ. Crossover 
freq. 3000 HZ. Imp. 18 ohms. Suitable for 
systems up to 30 watts R.MS ............. ....... £4·10 

Hom Tweeter. Freq. 2SQ0..2'0000 HZ. C.rouover 
freer. 3000 HZ. Imp. 8 ohmo. Suitable for 
systems up to 40 watft RMS .... . ...... ... , ..... £8·20 

Horn Tweeter. Freq, 2'()00...18000 HZ. Croasover 
IraQ. 3000 HZ. Imp. 8 ohms. Suitable for 
s ystems up to SOwatta RMS ... .. ............... .£4·00 

CROSSOVERS 
PRICES INC. VAT 

2. Way Crossover Network. Imp. 3 ohms. Cross-
over 3000HZ. Suitable up to'15 watto RMS ...... .£t·25 

3 Way Crossover Ne.twortc. Imp. 8 ohma. Cross-
over frcq$ , 1000 and 15000 HZ. Suitable up to 
25 watts RMS .............................. . ... .£3·3t 

3 Way Cro&aover Network. Imp. 8 ohma. Croes­
over freqa. 1000 and 5000 HZ~ Suitable Up to 
to 25 wstto RMS . ........ ... .......... .. ..... .. . .£0·3t 

2 Way Crossover Networic. Imp. 8 ohms. Cross­
over 3000 HZ. Suitable for ayatema up to 16 
watts RMS ................... .. .............. .£3·10 

CASSETTES 
PRICES INC. VAT 

C60 C90 
BASF lH 
MEMO REX 

lOp £1-21 
C120 
.£1-71 

MROX2 Oxide 90p £1·32 .£1·78 
CROX2 £1-47 £1 ·111 

PHilLIPS 95p .£1'1t 
~~~ltil\.u~to!l~o%. 24-15%, 36-20%, 60-26%. 

£1·75 

~~~~~'ll:.~:~~~ or GrG<ln: Approx. width 54 ln. £1 ·75 yd. 

Type H·202 Features Mono/stereo swlt<:h, Volume controls on each 

~:~l'(~~~i{~~~~·;~:£'lrc\'iJ\"tf~'ll'ce 4·18 ohms • .£4·50. 
For 8 X Sin. Speaker Size ~X1SiXM U·SO 

Sin.+ Tweeter 7!X11lX:>t £5·00 
fSX81n. 1()iX17X8 .£S·15 

13X8in.+ Tweeter 12X18iX8! £7·SO 
121n.+Tweeter 1S!X18X8!- .£9·00 

VALVE AMPLIFIERS 
PRICES INC. VAT 

Robust units suitable for moat PA/Diaco use.s. 
5 watt 2 Inputs, Vol, Trebl.e, Baoo ·Controts ............ .£12·SO 

15 watt • rnput$, Vol, Treble, Bass Control s, ., ••• ••• •• .• u.t·st 
30 watt 4inputa, Vol, T reble, Base Controls. , • •• . •• ••••• ae·5t 
50 watt • inputs., Vol. Treble, Bass Controls •• .•••. ••.•.• £38.·25 
150 watt • Inputs with separate vol . controls plus master 

vol., treble, baos ... . . .... . ...... . . . . . ..... . .. . £75·1t 
SOO watt • Inputs each with lndependant vol, treble and 

FF1 

FF10 

FF11 

bass controls plus overall mastervol . control .£t24·5t 

MICROPHONE MIXERS 
PRICES INC. VAT 

• Channel Mono Mixer and Preamplifier with 
Individual. slide oontrola. Battery operated . • ••• £21·00 

7 Channel Stereo Mixer and Preamplifier with 
Individual slide eontrols. Battery operated . •..• £St ... 

Stereo Frequency Controller and Preari'lpllfler, 
uses five slide controls. Battery operated., •• . . £34·01 

I All mail order and enquiries to 270 Acton Lane Tel: 01-994 6275 I 
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G. T. ELECTRONICS 

NOW AT 267 AND 270 ACTON LANE, 
LONDON W.4 

Now open. Our New Component! Shop. These premises are very much 
larser and will enable us to have greater stocks than we already have. 
Having all the components under one roof will now guarantee you 
speedier service on the counter, and on the mail order side. We have 
an enormous range of components to choose from. If you are having 
problems getting your components then come along. We are open 
from 9.30 a.m, through till 6.0 p.m. Monday to Saturday. The nearest 
Underground is Chiswick Park, and there are no parking restrictions 

SEMICONDUCTORS TIP35A 
TIP36A 

£3 35 
£2«S 

AC107 35 p BCY72 25 p MPSA06 3Sp TIP41A 75p Acies 25p BD121 7Sp MPSA16 Up TIP42A Hp AC126 f5p BD123 75p MPSA56 35p TIP288 
TIP30B 

Sip 
«P AC127 2Tp BD1Z4 lOp MPSU06 75p 

AC12a Zip BD131 75p MPSU56 70p 
ACt76 27p BD132 75p NKT135 35p TIP31B 70p 
ACY17 2Sp BD153 2!p NKT222 Hp TIP32B HP ACY18 30P BD156 zsp NKT773 Up TIP33B £1 It ACY19 30p BDY11 £1-40 NKT774 Hp TIP34B £1 61 ACY20 25p BDY17 £1 10 OA10 20 p TIP35B £2-11 ACY38 SSp BDY18 £1 45 OA47 lOp TIP38B £3-44 ACY21 JOp BF152 20p OA70 12p TIP41B Hp AD140 Mp BF194 I4p OA79 l!p TIP42B Hp AD149 4Sp BF195 15p OASl lOp TIP29C 71p AD161 44p BFX29 Mp OA90 lOp TIP30C 7«P AD162 4#p 8FX84 30p OA91 lip TIP31C Hp ADZ11 £114 8FX85 30p OA200 lOp TIP32C £1H AF114 25p BFX86 Mp OA202 10p TIP33C £1-30 AF115 25p BFX88 Up OA210 Mp TIP34C £1 -H AF116 25p BFY10 HP OA211 Up TIP35C £3 20 AF117 25p BFY44 SOp OC18 !?p TIP3CC £4-10 AF116 Hp BFYB0 Mp OC19 ISp TIP41C t5p AF172 JOp 8FY51 Mp OC22 55P TIP42C £1 10 ASYJO 34p BFY52 25p OC26 Hp TIS50 Hp ASZ21 Hp BFY53 2Sp OC28 Hp ZTX107 15p BA1Q2 33p BFY90 Mp OC35 Hp ZTX30Q 15p BA112 54p BSW63 Hp OC36 Hp ZTXB00 Hp BA114 iip BSW68 Hp OC42 4fp ZTX501 SOp BA156 15p BSY95A 12D OC44 20 p ZTX504 SOp 
BC107 14p cm 50p OC45 20p 

ISp 
2TX531 Up BC10B 14p C426 44p OC70 2TX550 25p 

BC10B 15p BY100 15p IN658 ■P 0C147 12p BY126 20p OC71 "P IN914 •p BC148 12P BY127 Mp OC72 M p IN810 BC149 12P BY164 «P OC75 HP 2Sp 
IN4001 ip 

BC153 15p IS100 ISp OC70 IN4002 »p BC157 14p IS103 24p IN4003 4p 
BC158 15p MJ340 Hp OC77 Hp IN4004 14p BC1B8C 14p Md481 Hp ocai 2Sp IN4005 I2p BC182 14p MJ2801 £1 25 OC83 25 p IN4006 ISp BC1S9 14p MJ29Q1 £2-24 OCM 

OCt39 
Mp 
Up 

IN4O07 Itp BCIB4 14p MJE340 54p IN4148 7p BC212 14p MJE370 T5p 2N686 MP BC313 14p MJE371 4#P OC170 Mp 2N697 24p BC214 14p MJE620 Hp OC171 Up 2N698 ?5p 
BCD00 «P M JE29H ftl-H OC200 SOp 

HP 
2N706 «p BCV30 40p MJE3055 Hp OC201 2N706A 15p BCY31 55p M Ml 813 43p 2N708 15p BCY32 Hp MM1712 Hp OC202 73p 2N9J0 20p BCYM 45p MPF102 Hp TIP29A Hp 2N1ia2 2Sp BCY34 •4P MPF103 TIP30A Hp 2Nt302 m BCYSS BCY30 (2N5457) MPF104 Hp T1P31A 

TIP32A HP 74p 
2N1303 2N1304 14P 25p BCYB6 £144 «NS4Se> Mp 2N1305 25p 

BCYTO 22p MPF105 TIP33A £105 2N1300 Mp BCY71 a? (2N5459) «4p TIP34A £1*55 2N1307 25p 
QTY. DISCOUNTS: 12+ 10%; 25+ 15%; 100+ 20% 

DIGITAL INTEGRATED CIRCUITS SN74107 SN74110 SSp 
SN74118 SN7400 MP $N7426 Hp SN7473 Hp SN74119 £1-M SN7401 Mp SN7430 Mp SN7474 Hp SN74121 Hp SN7402 Mp SN7432 42p SN747S "p SN74122 £1-35 SN7403 Mp SN7433 Wp SN7476 HP SN74123 £2-74 SN7404 Mp SN7437 Hp SN7480 Hp SN74141 £1 H SN7405 Mp SN7438 «P SN7481 £1-25 SN74145 £154 SN7406 30P SN7440 MP SN7482 ■7p SN74150 £3-35 SN7407 Hp SN7441AN 7SP SN7483 £tH SN741B1 £1-14 SN7408 20p SN7442 75p SN7484 Hp SN74153 £135 

SN7409 45p SN7443 £100 SN7488 45p SN74154 £204 SN7410 20p SN7445 £2-04 SN7490 75p SN74155 £1-55 SN7411 ZIP SN7446 £2 00 SN7491 AN £1 -00 SN74156 £1-55 8N7412 42p SN7447 £f 75 SN7492 75p SN74167 £Tf4 SN7413 30p SN7448 £1 75 SN7493 75p SN74160 £2H SN7416 Mp SN7450 20 p SN7494 Hp SN74161 £2H SN7417 Mp SN7451 20p SN7495 HP SN74102 £3 44 SN7420 20p SN47S3 20p SN7496 £1 H SN74163 £3-44 SN7422 4lp SN7454 20p SN7487 £025 SN74104 £2-75 SN7423 4tp SN7460 Mp SN74100 £2-50 SN7426 43p SN7470 Up SN74104 £1*45 SN741G5 £4*04 
SN7427 4*p SN7472 Up SN74105 £1-00 SN74108 £4-04 

2N1306 2Sp 2N1309 25p 2N1613 25p 2N17t1 25p 2N2147 70p 2N2160 asp 2N2217 Z5p 2N2218 2bp 2N2219 25p 2N2222 20p 2N2222A 25p 2N2306 /Op 2N2640 SOp 2N2846 £1-50 2N2904 26 p 2N2905 2bP 2N2906 25p 2N2907 25P 2N2S28 12p 2 N 5053 Mp 2N3054 85p 2N3065 Hp 2 N3232 70p 2N3526 95p 2N3702 14p 2N3703 12p 2N3074 12p 2N3705 12p 2N3706 I2p 2N3707 12p 2 N 3703 12P 2N3709 12p 2N3771 £t*70 2N3772 £275 2N3775 £2-45 2N3819 Mp 2N3820 55P 2N3886 ISp 2N3804 Mp 2 N 3906 25 p 2N405e Itp 2 N4060 ttp 2 N 4000 Itp 2N4061 Itp 2N4126 I7p 2N42&6 ISp 2N4287 15p 2N4288 15p 2N4289 15P 2N4290 15p 2N4444 £i-n 2N4871 Mp 2N4920 •Op 2N5101 Hp 2N5104 £1 10 40380 50p 
40361 Sip 
40362 SSp 

SN74167 £lt$ SN74170 £410 SN74174 £2M SN74175 CMS SN74176 £1H SN74177 £1 H 
SN74180 £1 -55 
SN74181 £7H SN741S2 £2H 
SN74184 £2 45 
SN74185A £2 44 
SN74190 £1 15 
SN74191 CMS 
SN74192 C1H 
SN74193 £t-H SN74194 £t5l 
SN74195 CMS 
SN74196 £1-54 
SN74197 £154 SN74198 £4H 
SN74199 £4M 

S.C.R.s CRS1/05   40p CRS1/10  56p CRSI/UO  SOp CRS1/40   65p CRS1/60  SOp CRS3/I0  t2p CRS3/20  Up CRS3/40  Mp CRS7/400   £1 00 CRSie/100  I5p CRS16/2O0  90p CRS16/600  £100 CIOCB  45p C106D  70p 40669   BOp TIC44  35p 2N4444 £1*90 BT10/500A  Up 
BRIDGE RECTIFIERS WQ2 1A B00V  Up BY164 1'4A 200V 57p MDA052/2 6 A 100V  lOp 

ZENER DIODES BZY68 Series 400mW 3-3V-33V, 5%. .. lip 1-5W range ., .. 25p 10W range — 45p 
L.E.D. TIL209   - tip 

MA2082R  .. 25p 
L.D.R. ORP12  .. Up 

NE555 Timer .. .. Np 

TRIAC9 TXL228B 8A 400V Wp SC40D £1-40 SC40E £1iS SC45D £1-70 SC45E £2-10 SCSOO  £2-41 SC50E £2-70 DIAC  2Sp 
LINEAR I.C.s LMSOflK 5V. 1 A. Voltage Reg... £1-10 LM723C 2-37V. 150mA Voltage Reg... £1-05 MFC4O0O 2S0mW Audio  Up T8A800 5 Watt Audio £1-50 709C Op Amp D.I.LJ TO09   45p 741C Op Amp 8/14 D.I.L./T099 .. SSp 748C Op Amp D.IX  75p 747C Dual Op Amp £1-24 ZN414 Radio I.C. £1 25 TAD100 Radio I.C. Inc- Fllter £1-40 CA3014  £1-55 CA3018  £140 CA3028  £1-20 CA3030  £1-00 CA3046   »»p CA3048 £2-33 CA307S £1-44 CA3090Q £4-15 MC1303L  £2-24 SN7G023 6w audio with circuit.... £1-75 

METAL BOXES 
ALUMINIUM BOXES IDEAL FOR VEROBOARD WITH BASE AND P.K. SCREWS AB7 2i- Long 5i" Wide 11'High ...  54P ABS 4 4" ABO 4" 2J* 1*"  S4p A BIO 4" IJ"  HP AB11 4' zJ- 2"  Hp AB12 .r 2" 1"  44p AB13 6* 4" 2"  74p AB14 r B" 2r  Mp AB15 8' 6* 3"  £1H AB16 10* T 3"  £1 22 AB17 10" 4|" 3"  £1 H AB18 lit* 5" 3"  £1*20 AB19 12" 8" 3"  C1H 
ALUMINIUM BOXES WITH SLOPING TOP PANEU-IOEAL FOR PRE-AMPS, ETC.. USING SUDER CONTROLS AB20 8'Long 0" Wide 3i" Hlflh at back  £2-40 2KHlgh at front 6'Slope to front With P.K. Screws AB21 Aa above but 10" lono  £2 » AB22 As above but 12" long  £2 
V41 VU METER £2-54 The V41 Is calibrated -20 to +3 and 0-100%. making It suitable for use as a recording level meter or as a power output indicator. Sansltivlty: 130 pA. Internal rsslstsnca: 600 Ohms, Dbnansions: 40 x 40 x 26 mm. 
ALSO STOCKED Electrolytic Capacitors Mullard, Sprague, Lorlln etc. Polyester, Polystyrene, Sliver Mica Capacitors, etc. Realstors JW-lOWatt. Potentiometers; carbon, wlrewound, Preset, Rectilinear muitltum. Ante* Soldering Irons switches, rotary, slide, toggle, etc. Cable, veroboard. 

★★SPECIAL OFFERS*^ 
MINIATURE MAINS TRANSFORMER. PRI. 240V. SEC, 12V. 100MA Manuf.: Hlnchley. Size: 36 x 45 x 40mm. F.C. 53mm. Price 1-t5p. 100-Mp aa. l.OOO-SOp ea. 10,000-40p ea. 
3 CORE PVC INSULATED MAINS CABLE. GREY ML6650. 3x7/0 2mm Price 100m-£4-5f. 1000m- £35.10,000n> £334. 9 47mId. 50V MYLAR FILM CAPACITOR. Size 1" x 0-35" x 0-65" P.C. Mount. Price 100-4p ea. 1000-3p ea. 
240V. A.C. SOLENOID. Revereible operation; twin coil. Size approx. 2| x H x 1|in. Np ea. 30 unmarked OC71 translators £104 25 Unmarked 250mW Zenerdlode, 4-7V, 5-1V. 6-2V. 7-S, 0-1V. 10V. Measured and tested. £1-04 Please state voltage required. 50 6E Diode OA47 equivalent. £1 -00 
TRANSFORMER: DOUGLAS PRI. 0. 115, 200. 220 240 SEC. 25-0-25-0-6V, 2iA1 £<-50 + SOp p.p. 
TRANSFORMER PRI. 0, 115. 160, 205, 225, 245. SEC. 35-0-35. 1-2A £4 50 + Sfp. p.p. 
MULLARD TUBULAR CERAMIC UHF TRIM- MERS (PROFESSIONAL) 
Type 092 0-e-2-2pl 801 0-e-a-2p V Price lOp ea. 881 0-5-1 -Sp J 
QUANTITY DISCOUNTS PLEASE TELEPHONE 

5p aa. 1000pF Feedthrough capacitor Miniature tubular P.O. trimmers 3-5-13pF 6-30pF 4p c/o Varlay 700Q relay 
TOS VOLTAGE REGULATORS LOOS 5V 050mA L036 12V BOOmA L037 15V 450mA 

lOp ea. SOp ea. 

VEROBOARD 
2* X3J 2# X 5 « X3i 3J X 5 17 X 21 17 X 31 17 X 5 PIN INS. TOOL SP.F. CUTTER 100 PINS SS 100 PINS OS 500 PINS SS 500 PINS DS Prices Correct June 12 

0-1 Mp 35p Up ««P £1 45 £1 43 £1 44 72p 52p Up up £1*28 £1 20 

0-15 Up SSp 
Up 

72p 52p Up Up £1 M £1 20 

NEW SERIES TRANSISTOR DATA BOOKS 1. OTA3 USA Band 3 Transistor Characteristics. 2N21—2N6266 all numbers. 2. THT Thyrtstor, Trlac, Dlac, Put, U JT's. 3. DT15 Japanese TranelstorCharacierlstlca. 2SA, 2SB, 2SC, 2SD numbers. 4. DVT Diode, Comparison Tabias. B. Band 1. Transistor Characteristics. Europaan numbers AC, AF, BC, BF, ate. 6. TVT. Transistor Equivalent Tables. All books contain pin connections and semi- conductor outlines. PRICE. £1-10 per book. £1 per 6 books Inc. post. 
V.A.T. Unless otherwise stated all prices are EXCLU- SIVE of V.A.T. Please add 10% to all orders. Carriage: orders under £5 + 20p. Over £5 post free. 

AUDIO ACCESSORY SHOP, 17 TURNHAM GREEN TERRACE, CHISWICK W.4 

CM10 CM20 CM73 
CO 92 
COM 
DDI 
DDS 
DD6 
DM18HL 
DM73 
DM81 
DM82 
DM84 
DM614 
PROMS 
PROM10 
PROM20 
PROM25 
UO50HL 

200C 

MICROPHONES 
PRICES INC. VAT Crystal Lapel Microphone with Lead and Plug  Wp General purpose Crystal Microphone   £1-20 Crystal Slick Microphone with Switch Lead and Plug   £220 Omni Directional Capacitor Microphone with built in Preamplifier, Cable and Windshield.. .£14 00 Cardiold Capacitor Microphone as above, both types with Switch, both 600ohms   ...£11-00 Cassette Dynamic Microphone with Plugs for signal and stop/start. 200 ohms £2-20 Electret Paging Microphone, on table stand with gooseneck and switch, 600 ohms £14 00 Lavaller Microphone with Windshield; Lavalier Cord, 6 metres Cable. 600 ohms/50 k £11-20 Dual Impedance Dynamic Microphone with desk stand. 600 ohms/50 k £10-50 Omni Directional Dynamic Microphone with desk stand, 6 metres Cable and Plug. 50 k. ohms £10-00 Remote Dynamic Microphone, Cassette type with Plugs. 200 ohms £1-14 Remote Cassette Cardiold Microphone with Plugs, 200 ohms £2-40 Omni Directional Dynamic Microphone with Slide on Windshield and Switch. 50 k. £i SO Pencil Type Dyanmlc Microphone with Cable. Lavaller Cord and Base. SO k £3 26 Lavalier Capacitor Microphone with Tie Clip. 5.8 metres Cable. 600 ohms £10-00 Omni Directional Capacitor Microphone with 6 metres Cable. 600 ohms £30 00 Unl-Direcflonal Capacitor Microphone with 6 metres Cable. 600 ohms £33-00 Capacitor Boom Arm Microphone with Arm, two Windshields, Cable. 600 ohms £34-00 Cardiold Dual Impedance Microphone with Switch, 6 metres Cables and Plug. 600 ohms/ 50 k £12-04 Slim Line Crystal Microphone with Switch, Cable and Connector £3-U 

TWEETERS 
PRICES INC. VAT CT5 Cone Tweeter. Froq. 3000-15000 HZ. Cross-over freq. 3000 HZ. Imp. 8 ohms. Suitable for systems up to 10 watts RMS  CT10/8 Pressure Unit Type Tweeter. Freq. 1500-16000 HZ. Crossover freq. 3000 HZ. Imp. 8 ohms. Suitable for systems up to 20 watts RMS  CT10/16 As above but 16 ohms  DT33 Dome Tweeter. Freq. 2000-18000 HZ. Crossover freq, 3000 HZ. Imp. 8 ohms. Sultablefor systems up to 40 watts  FF27 Dome Tweeter. Freq. 2000-20000 HZ. Crossover freq.SOOOHZ. Imp. 8 ohms. Sultablefor systems up to 30 watts RMS  

FF2fl Horn Tweeter. Freq. 3000-20000 HZ. Crossover freq. 3000 HZ. Imp. S ohms. Suitable for systems up to 20 watts RMS  HT15 Horn Tweeter Freq. 2000-18000 HZ. Crossover freq. 3000 HZ. Imp. 16 ohms. Suitable for systems up to 30 watts RMS  
HT21 Horn Tweeter, Freq. 2500-20000 HZ. Crossover freq. 3000 HZ. Imp. 8 ohms. Suitable for systems up to 40 watts RMS %.... MHT10 Horn Tweeter. Freq. 2000-18000 HZ. Crossover Ireq. 3000 HZ. Imp. 8 ohms. Suitable for systems up to 30 watts RMS  

CROSSOVERS 
PRICES INC. VAT CN23 2 Way Crossover Network. Imp. 3 ohms. Cross- over 3000 HZ. Suitable up to 15 watts RMS  FF5 3 Way Crossover Network. Imp. 8 ohms. Cross- over fioqs. 1000 and 6000 HZ. Suitable up to 25 watts RMS  FF30 3 Way Crossover Network. Imp. 8 ohms. Cross- over freqs. 1000 and 5000 HZ- Suitable up to to 25 watts RMS  SN75 2 Way Crossover Network. Imp. 8 ohms. Cross- over 3000 HZ. Suitable for systems up to IS watts RMS  

£210 £2-49 

£5-70 

£4-10 

£3 20 

£4-00 

£••20 

£4 00 

£1-25 

£3 30 

£4 41 

£3 34 

BASF LH MEMOREX MROX2 Oxide CROX2 PHILLIPS 

CASSETTES 
PRICES INC. VAT C60 C90 I3p £121 C120 £1-71 

99p £132 £1-7fl £1-47 £1-91 — 85p £119 £1-75 QTY Discounts 12-10%, 24-15%, 36-20%, 60-25%. SPEAKER CLOTH Available in Black or Green; Approx. width 54ln. £1-75 yd. HEADPHONES Type H-202 Features Mono/stereo switch, Volume controls on each channel. Freq. response 20-20.000HZ. Impedance 4-16 ohms. £4-50. TEAK VENEERED SPEAKER CABINETS For 8 X 5ln. Speaker Size 9ix13ix5J £3-50 Sin. + Tweeter 7lxll|xSi £5-00 13X8ln. 101X17x6 £5-75 13x8in.+Tweeter 12xl8ix8i £7-50 12ln.+Tweeter 15|X18X8S £9-04 
VALVE AMPLIFIERS 

PRICES INC. VAT Robust units suitable for most PA/Disco uses. 5 watt 2 inputs. Vol, Treble, Bass Controls £12-59 4 Inputs, Vol, Treble, Bass Controls      .£24-54 4 inputs, Vol, Treble, Bass Controls £29-50 4 inputs. Vol. Treble, Bass Controls £34-25 4 inputs with separate vol. controls plus master vol., treble, bass £75 90 500 watt 4 Inputs each with Independant vol. treble and bass controls plus overall master vol. control.£124-54 
MICROPHONE MIXERS 

PRICES INC. VAT 4 Channel Mono Mixer and Preamplifier with Individual slide controls. Battery operated £24-00 7 Channel Stereo Mixer and Preamplifier with Individual slide controls. Battery operated £34 00 Stereo Frequency Controller and Preamplifier, uses five slide controls. Battery operated £34-00 

15 watt 30 watt 50 watt 150 watt 

FF1 
FF10 
FF11 

All mail order and enquiries to 270 Acton Lane Tel: 01-994 6275 
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TRANSFORMERS 
SAFETY MAINS ISOLATING TRANSFORMERS 

Prli2GI240V Sec tZOI240V Centre Tapped & Su•enad 
R•f. VA Weight Size <m. P &. P 
No. (Walts) lb oz £ p 
01 20 1 a 7-0X 7·0x 8·0 2'55 35 

149 60 3 12 9·9x 7·7x 8·6 S·l1 45 
160 100 5 8 9·9X 8·9X 8·6 t-17 45 
151 200 8 0 12·1 X 9·3X10·2 7·3t 5S 
152 260 13 12 12·1 x11-8x10·2 8·45 73 
1153 360 15 0 14•0X10•8X11·8 11•35 73 
154 600 19 8 14.0X13·4x11-8 IS·3t 91 
15S 750 29 o 17-2x14·0x14·0 zt·os • 
1~ 1000 35 o 17·2x16·6X14·0 27·21 
158 2000 60 0 21·6X15·3x18·1 SI·ZS 
159 3000 85 0 23•5)(17·8X19·7 78•5S 
160 8000 173 o ss·ox20·4x29·3 ltt·ft 

AUTO TRANSFORMERS 
Ref. VA Weight Size em. Auto TN>S 
No. (Walls) lb oz £ 
113 20 1 0 5·8X 5··1 X 4•5 G-11!>-211)..2ot0 1·34 

54 75 2 4 7•0X 6•7 X8·1 D-115-21G-2«1 1·414 
4 160 3 4 8·9X 7·7X 7-1 1)..115-31o-220-ll40 S•2t 

66 300 8 4 9·9X 9·8X 8·6 521 
67 600 12 8 12·1 X11·2x10·2 l ·ft 
M 1000 19 8 14-<IX13·4x14·S 1a·so 
93 1600 30 4 14.0X15•9X14·3 17·51 
95 2000 32 0 17•2X 18•8 X14·0 25·1$ 
73 3000 40 0 21-6X13-4X18·1 ., ., :It• .. 

CASED AUTO TRANSFO-ER& 
115V mains lead Input and U.S.A. 2 pin outlets. 20VA o-tt. P. &. P. 38p. 500VA 
£1·51. P. & P. 80p.1000VA £15-Bt. VIa B.R.S. 

Ref. 
No. 
111 
213 

71 
18 
70 

108 
72 

118 
17 

115 
187 
22e 

Rtf 
No. 
112 

78 
3 

20 
21 
51 

117 
88 
88 

LOW VOLTAGE TRANSFORMERS 
PRIMARY 2M·250 VOLTS It AND/OR K VCM.T RANGE 

Amps. W•lght Size em. S~ Wlndltlfl$ 
12V 24V lb oz 

0·5 0·25 8 
1•0 O·S 1 4 

2 1 1 12 
4 2 2 12 
6 3 3 8 
8 4 5 8 

10 5 8 4 
12 8 6 12 
16 8 8 12 
20 10 18 8 
30 15 15 8 
6030320 

Amps. Weight 
lb or 

O·S 1 • 1-0 2 4 
2·0 3 4 
3·0 4 8 
4•0 8 4 
s-o 8 12 
6·0 8 0 
8·0 12 0 

10·0 13 12 

Amps. Wt/ght 
lb oz 
112 
2 12 
5 8 

4·8x 2·9x 3·5 
6•1X 5•8X 4·8 
7·0x 6·4x 6·1 
8·3X 7·7X 7·0 
8·9X 8•0X 7•7 
9·9x 8·9x 8·8 
9·9X 9·8X 8·8 
9·9X10·2X8·8 

12·1 X 9·9X10·2 
1HIX 9·8X11·8 
14·0X12•1X11·8 
1.7-2X15·3X14·0 

Sfzecm. 

6·1 X 5·8X 4·8 
7·0x 8·7x 6·1 
8•9X 7•7X 7·7 
9•9X 8•3X 8·8 
9·9X 9·8X 8·8 

12·1 X 8·8X10•2 
12•1 X 9•3X10•2 
12·1 x11·8x10-2 
14·0X10·2X11·8 

Slucm. 

1-ox 6·4x 6·1 
8·3X 7·4X 7·0 
9·9 X 8·9 X 8•8 
9·9x10·2x 8·8 

12·1X10·5X10·2 
14·0X10·2X11·8 
14·0X12•7X11•8 
11·2x12-7X14·0 

0-12V at0·l!SAX2 
G-12V at CHAX2 
G-12V at1Ax2 
0·12V at2AX2 
G-12V at 3AX2 
G-12V at4AXJ! 
G-12V at5Ax2 
G-12V at SA x 2 
G-12V a18AX2 
G-12V at 10AX2 
G-12V at 15AX2 
G-12V at 30A X2 

3t VOLT RANOE 
Secondary Tap• 

so VOLT
0

UNOE 
Socond~ry Taps 

G-i9.-50V 

£ 
134 
HI z ... z• 
3-St , ... , . ., . 
5-lt 
1 ·12 
tt·21 
!I'll 
22·50 

£ z ... ,.., 
4·21 
5·71 
HI 

If-tO ,,.,., 
n ·M 

0·5 
1.0 
2·0 
3·0 
4·0 
6.0 
8·0 

10·0 
Amps. 

6 12 
10 0 
12 0 
18 0 
2S 0 
Weight 
lb oz 

Sl~ecm. P&.P 

0·5 2 4 7.0X 6•7X 6•1 
1-0 3 4 8·9X 7·7X 7-7 
2.0 8 4 9·9X 9·8X 8·6 
3·0 8 12 12•1 X 9·9X10•2 
4·0 13 12 12·1 x11-8x10·2 
5·0 12 00 14·0X10·2X11-8 
6·0 15 8 H·OX12·1X11·8 
8·0 2S 00 H·OX14·7X11 ·8 

10·o 25 o 17·2x12·7x14·0 
12-o 29 oo 17-2x14·0xt4-o .. .. 

MINIATURE TRANSFORMERS WITH SCREENS 
MA Wolght Slzocm. VOLTS 

lb oz 
200 
1A1A 
100 
330.330 
600, 600 
1A, 1A 
200.200 
300, 300 
700(D.C.) 
1A, 1A 
600, 500 
1A,1A 

2 2·8x2·8x2·0 3-ll-'3 
1 4 6·1 x5·8x4·8 GoG GoG 

• 3·9x2·6x2·9 9-0-9 
• 4·8 x 2·9X3·5 0·9, 0.9 

1 oo 6·1 x5·4x4·8 o.a-9, G-8·9 
1 12 7·0x6·4x6·1 1).8.9, D-8·9 

4 4·8 X 2·9X3·5 G-15, 1)..15 
1 4 8·1 xs·sx4·8 o-20. o-20 
1 8 7·0x6·1 x&·t 20-12~·12·20 
2 12 8·3xNx7·0 0.15-20, o-1s-20 
2 4 S·3x7·0x7·0 ~15-27~ 0-15-27 
a 4 8·9x7·7 x7·7 D-15-27, 1)..15-27 

BATTERY CHARGER TYPES 
PRIMARY Z00-250 VOLT (SecQAclull 2V, .v. UV) 
Ro/. Amps. Weight Size <m. 
No. lb oz 
45 1-5 1 8 
5 4·0 3 4 

86 8·0 6 4 
146 8·0 6 12 
60 12·5 12 0 

7·0 X 8·1 X 8·1 } 8·9 x 7·7 x 7·7 Please note, these 
9·9x 9·6X 8·6 units do notln· 
9·9X10·2X 8·6 elude rectifiers 

H·Ox10·2x11-8 

£ 
Z·1Z 
z.t7 
5·41 
7-11 
1·21 

1t·l3 
tHS 
ts·tt 
ltfO 
Zf ·fO 

£ ,... 
1·417 
HI 
HZ 
2-23 
S·OO 
f-SO , . .,. 
HI 
3·11 
1·01 
HT 

£ 
1-IZ , .. .... 
5·5% 
HS 

{) 
35 
35 
45 
60 
87 
73 

8! 

'Canlage via B.R.S. 

Also stocked : SEMICONDUCTORS • 
AVOMETERS • ELECTROSIL RESISTORS 

PLEASE ADD 8% FOR V.A.T. including P. & P. 
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TRANSISTORS & DIODES 
Type Pc VCBO FTMHz 
a·SY29 ISN PN) 300mw 1 S 20 . . . . 
80107 (SNPNJ 11·5w 64 100 . . . . . . ... . . .. . . 
2N711 B/2G106 

(SPNPI 150mw 
2N985 IGPNPI 300mw 
2N1304 IGPNP) 160mw 
2N1309 IGPNP) 150mw 
2N1046 (GPNP) SOw 
2N1146A tGPNPi 90w 
2N 1542 tG) 106w 
2N1547 (G) 106w 
2N1557 IGI 106w 
2N2080 (G) 170w 
2N2082 (G) 170w 

' 2N2405 (SNPN) 1w 
2N3054 (SNPNI 29w 
2N3055 (SNPN! 116w 
2N3375 (SNPN 11 ·6w 
2N4427 (SNPNI 3·5w 
2N5322 (SNPN) 10w 
AsZ16/0C26 26p, DC35 
40p. OC42 40p. OC71 
12p, CV7006/0C72 20p. 
OC75 26p. OC83 26p. 
GET11QINKT303 20p, 

gm2 ~8:; 0R~~da,F 
~~ ~~3d&"M,,· 4s;,; 
60p, IN3193 13p, IN3194 
14f>, IN3255 20p. 

RECTIFIER STAC.KS 
GEX541 B1 P2 ...•. £6·88 
GEX54102P1 . . • • . £3·SO 
GEX541 NB1P1 F .. • £6·00 
GEX541 HP3F ••• , .£6·00 
SX751N1B1P1 F ., . £6·00 

INTEGRATED CIRCUITS 
MC353G Half Adder £2·00 
MC356G 3 lnp OR/NOR 
GATE . . . . . .. .. . £1-45 
MC358AG AC coupled JK 

~i~~G-line o<•~•< g:g:: 
CA3020 W.Ooband Pow. 

~021. ·1.0~· i>Q~;,; Vi~~ 
. . • . . . . . . ... . '' £1·16 
CA3028A A F l F Amp. 
' .. . ....... . . .. . 97p 
CA.3038A Operational Amp. 
... . . . . . .. . . . . . £2·14 
CA3055 Pos .. Volt . Regulator 
... . . • . . ... . '. '£1·24 
CA3085 Pos. Volt. Regulat<>< 
' ..... . ... .... . . 78p 
C04035AE 4 -.stago Serial 
Register ..• . . .. . £1·91 
C04017AE Decade Counter 
Divider ...•. . , • , £3.86 
CD4047AD Monostable 
Astable Mult ivibrator £3.86 

THYRISTORS 
GE2N1774200v. 5a.£1·20 
CR1 -021C 20v.1o . .• 2Sp 
CR10-101 B 100v. 

10a . . . . . . .. ..... £1-oo 
CRt 0-021 1 Oa . . .. . £1 ·DO 
CR1 0-408 1 Oa, . . .. £1·00 
CR1 0·051 1 Oa • . . . . £11)0 
CR1 0·01 7 1 Oa .. .. . £1·00 
BTX 92 1200R 16a 
1200v .... , ,,, .. . .. £2·85 
STC3/40 400v, 3a .• .. SOp 

CAPACITORS 

18 
15 
30 
30 
100 
70 . 
100 
100 
40 
70 
40 
120 
90 
100 
65 
40 
65 

i~~~~!~ .;';~~ m ~o;· ~~5 ~s = 
~5 . ::::: ::: : : ::: : ::"' -= 
!ts : : : : : I: : : : : : : :: : : : : £= 
0·35 . . . . . • • . . • . . • • . . . . 75p 
0·35 . . . . . ........... .. SOp 
0·2 . . . . - ' . • ' . •• .• • ' • ' . £1·10 
0·2 . . . •• ' . • . . • • ' • • ' ' ' . £1-10 
120 . . . • . . . . . . • . SSp 
1·2 . • . . . . . .. . . . . .. . . 40j7 

500 : ::::: : : : : : : : :::: ~ 
700 .... .. ' ... ... ' . . . . 6·2p 
325 SOp 

RCA PHOTOMULTIPliER- C31005B 
Checked a net rested . . .. .• £37·50 

BRIDGE RECTIFIERS 
1 B40 K05 50v4a . .. . .. . . 9Sp 

SWITCHES 
Edwards High Vacuum "Speedivac .. model 
VSK18 range 25·760 torr contact ratings 
250v. 5a. volume 4·2 cu. em. max. working 
pressure 151b/sq. In . gauge net weight 
17 ozs . . ' .. . .. . . .. . . . ... ' . .. . . . •.•• £6·20 
Belling Delay hand reset L415 .. . . •.. . £1·10 
Stackpole min. rocker 125v. 1 Oa. 250v. 

5a . . . . . ... . . ..... . .. . ... .. . ' . • ••••• 20p 
Tippalitc Rocker 12v • . . . . .. , .. . • • - .• . 60p 

CIRCUIT BREAKERS 250V AC . each £1·20 
AMP TRIP TYPE 
2·0 D Wostingh. 550 
4-0 Securox 5000 
7·0 lnst. Westingh. 550 
7.0 4 Heinemann (SOc.) 

8.() 
8·0 
9·0 
100 
200 

lnst. 

lnst. 

DIGITAl COUNTERS 

AM12 
Westingh. 550 
Securex 5000 
Westingh. 560 
Securcx 5000 
.ETA Magnetic 

Veeder Root Mech. Reset 4 dig . .. . •• ,5Qp 

STABILIZED POWER SUPPLIES 
GfCShtHn Lio n GX60i1 Oa- 60v. 10 amp. set 
to 30v .... £65·00 incl. carri~ge 
Lambda CC28v- lnp Z05-265v. outP<>t 
28v de ± 5% 3-4 amp £38·SO incl. p. & p. 
Power Elect. lnp 240v outputs 20v 6·5a 1 Ov 
3-4 amp + 1 OV 300ma . • £38·~ inc. carr. 

RELAYS 
Varley Min. 700fl 12v .. .. . 
Siemens Min. 12/15v . . . . . 
Man netic Dcv. lvne 596E , , . 

. . . SOp 
. . ... SOp 

. .£2·00 

Oaly Electcolytic 9000uF 25v SOp p!p 15p; 500~F 50v 30p p/p 1 Op; TCC 16~F + 16~F 
~ 8 1-1F 450v 75p p/p l5p : CCL 50J,JF ! 501JF'275v40p pjp 10p: CCL Suppressor U.':i1 
Type SU1 03/ 1 compfisi119 capaci tor Dio<fc and Resis1or 40p p/p l Op. Ovh•her 
Mctall;sc<l Popec type 426 1 OO~F 150v SOp pip 25p : RIC 1-8pF 440v a.c. 3Sp p/p 1 Op 

MOJP~~ 230v. SOc 1oh 50c. 1440fpm complete with cap 80/l OOuf 2.75v .. . : £15·50 
10¢. C8 ft. 

3 p haso 2HP moto< 60/ 50 c . . 1800/1500 RPM. 208/ 220 /440v .. . . . i~~i . i::~~~~~~ 

Cat. 2026391 Potter Instruments flange mounting capstan motor. 2HP co.ru 11 Ov 
DC 4 a m p •• , , .... . • . . . . . . . .. . . . . .... . . .. . . . . . .. . £25.00 fM:. c Arr. 

FANS. CENTRIFUGAl BlOWERS 
Alrmax TvP& M1/Y3954 (3 bla~es) Ca st 
Aluminium alloy Impeller & easing (c::o rres­
ponds to eu rcent type '3965 7 ~ " ) 230v. 
1 ph 50e 2900rp m Class "A" insula tion 
425efm free ai r weight 9 -!l bs. Incl. p .p . 
f:Z1 ·00. 
Woods Aorofoil sho1t casing type " S .. 
2700tpm 220/ 250v 1 ph SOc 6 " p lastic 
impeller Incl. p ,p , £11 ·50. 
Woods Aerofoil Code 7 .5 2801< 200/ 250v. 
1 ·0a 1 ph 50c Z700tpm 7t" impeller 14 
blades lncl p.p. £13·50. 
Service Elect.rlc HI-Velocity Fans. s uitable lo r Gas 
combustion Systems. Steam exhausti ng. Pneumatic 
conveying. Co ol ing Electronic eQuioment, Air blast 
for Oil burners. Secomak M od et 3 65 (correspo nds 
to 575) Aicbtas t Fa n, 440v 3ph 50c 0 ·75hp 2850cpm . 
continuous 160cfm 12 in w .g . nett w eight 44lb, 
pri ce Incl. carr. £41 .00. Seeomak model 350 250v 
1ph 50c 0·166hp. 2800 rpm c ontinuous 50cfm 2 ln . 
w .g . net weight 341bs, p rice i ncl. can . £ 26·00. 
Air Controls type VBL4 200/250v 1 ph 50c . 11 Ocfm 
free air weight 7joibs price incl. p ,p, £14·50. 
Typa VBL5 200/ 250v 1 ph 50c. 172 elm h ec air. 
Weight 1 O!lbs. price incl. p.p. £18·50. 
WitHam ARd:av Alcosa Sing le Stag:e Vacu1,1m. P...1mp 
M odel t-ISPOS 8 1-Ki . Rr)m 1420. E.E 3 ph ase 
ii'Kfuc~ioll motor 1/ 3 hp coni 2.20/2S0v, 380/440v. 
Class E ins. £21·00 incl. carriage. 
Gau MFG. Vacuum pump 0522· P702-R26X . 
Mo1or 110/1 20v. A.C. 1 ph . '60c 1725 rpm. Class E. 
1 Ocuft to 1 Oin Merct,ny in 2 mms maintain~ vacuum. 
635mm M erCury. Or as con'lf:~tessor 1 Opsi lnt. o r 
15 psi con t. £25·00 i ncl. cau . 

Where p.p. n ot advised add 1 Opper £ h andling a nd post (in UK) . Cash 
w it h o rder. Pe:s o nal c a llers w e lcome. O p en Mon. -Wed . 9.30-5.00 Fti. -S at. 
9.30·5.00. Fre e C ar Pa rk adj. PRICES SHOWN ARE EXClUSIVE Of V.A.T. 

W. 8r. B. MACFARLANE 
126 UXBRIDGE ROAD, HANWELL, LONDON W7 3S.L 

WW-043 FOR FURTHER DETAILS 
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TBAHSFOBMEBS 
SAFETY MAINS ISOLATING TRANSFORMERS Prl 120/240V " Weight S/ze cm. PAP (Waffs) /b 02 £ P 20 1 8 7-0 X 7 0 X 6-0 2 55 38 60 3 12 9-9 X 7-7 X 8-6 S-Tt 45 100 5 8 9-9X 8-9X 8 6 417 45 200 8 0 12-1 X 9-3X10-2 7» 53 250 13 12 121X11-8X10-2 945 73 350 15 0 14-0x10-8X11 8 11 35 73 500 19 8 14-0X13-4X11-8 13 39 91 750 29 0 17-2X140X140 21 OS • 1000 38 0 17-2 X16-6X14-0 27 20 • 2000 60 0 21-6X15-3X181 50-25 • 3000 85 0 23-5 XI7-8 X19-7 70-53 • 6000 173 0 35 0X20 4X29-3 149 41 • 

VA Weight Size cm. (Wet Is) lb oz 20 1 0 5-8X 5-1X 4-5 75 2 4 7-0X 6-7 X6-1 150 3 4 8-9 X 7-7X 7-7 300 6 4 9*9X 9 6X 86 500 12 8 12-1X11-2X10 2 1000 19 8 14-0X13-4X14-3 1500 30 4 14-0X15*9X14-3 2000 32 0 17-2X18-6X14-0 3000 40 0 21-6X13-4X18-1 

AUTO TRANSFORMERS Auto Taps 
0-115-210-240 0-115-S10-240 0-115-200-220-240 

PAP 
c P 1-34 30 204 38 329 45 529 53 192 67 13-5# 91 17-51 • 

25 IS • 
32M • 

CASED AUTO TRANSFORMERS 115V mains lead Input and U.S.A. 2 pin outlets. 20VA £3A4. P. A P. S8p. 500VA £9 S0. P. & P. 80p. 1000V A £15 02. Via B.R.S. 
LOW VOLTAGE TRANSFORMERS 

PRIMARY 200-250 VOLTS 12 AND/OR 24 VOLT RANGE Bef. Amps. Weight Size cm. Secondary Windings PAP No. 12V 24V lb oz C P 111 0-5 0-25 8 4-8 X 2-9 X 3-5 0-12V at 0-2SAX2 1 34 23 213 10 0-5 1 4 6-1 X 5-8X 4-8 0-12V at 0-5AX2 1 54 30 71 2 1 1 12 7-0X 64X 6-1 0-12V ptlAxS z-n 38 18 4 2 2 12 8-3 X 7-7 X 7 0 012V at 2AX2 2-m 38 70 6 3 3 8 8-9 X 8-0 X 7-7 0-12V at 3AX2 3 Si «0 
106 8 4 5 8 9-9X 8*9X 8-6 0-12V at4Ax2 3M 45 
72 10 5 6 4 9-9X 96X 86 0-12V at 5Ax2 4 47 S3 116 12 6 8 12 99X10-2X86 0-12V at 5Ax2 5 41 59 17 16 8 8 12 12-1 X 9 9X10-2 0-12V at 8AX2 i 42 00 115 20 10 18 8 14-0X 9 6X11-8 0-12V at 10AX2 14-tt 73 187 30 15 IS 8 14-0X12-1 X11-8 0-12V at 15AX2 13-7* as 228 60 30 32 0 17-2X15-3X14-0 0-12V at 30AX2 

36 VOLT RANGE 
22 54 * 

Ref Amps. Weight Size cm. Secondary Taps PAP No. lb oz £ p 112 0-5 1 4 6-1 X 5-8 X 4-8 0-12-15-20-94-30 V 1 54 30 79 10 2 4 7-0 X 6-7 X 6-1 •• ii 2 11 38 3 20 3 4 8-9X 7-7X 7-7 314 38 20 3-0 4 a 9-9X 8-3X 8-6 412 45 21 40 6 4 9-9X 9-6X 8-6 „ ,, 447 03 51 5-0 6 12 12-1 X 8-8X10-2 «• II 5-43 53 117 60 8 0 12-1 X 9-3X10-2 II II •'94 00 88 8-0 12 0 12-1X11-8X10-2 • K 67 89 10-0 13 12 14-0X10-2X11 8 
SO VOLT RANGE 

9 SO 73 
Pef.. Amps. Weight Size cm. Secondary Taps PAP Nc. lb or £ P 102 0-5 1 12 7-0X 6-4X 6-1 0-19-25-33-40-50V 2-49 30 103 1*0 2 12 8-3 X 7-4 X 7-0 39$ 38 104 20 5 8 9-9 X 8-9 X 8-6 n 4« 45 105 3-0 6 12 9-9X10-2X 8-8 5 79 53 106 4-0 10 0 12-1X10-5X10-2 ii ii 7-41 67 107 60 12 0 140X10-2X11-8 11 49 87 118 80 18 0 14-0X12-7X11-8 1344 45 119 100 25 0 17-2X12-7X14-0 •• ii 1744 • 
Ref. Amps. Weight Size cm. N VOLT RANGE PAP No. lb oz £ P 124 05 2 4 7-Ox 6-7X 6-1 0-24-30-40-48-60V 2-12 38 126 1-0 3 4 8-9X 7-7X 7-7 247 38 127 2-0 6 4 9-9X 9-6X 8-6 ii II 5 44 45 125 3-0 8 12 12-1 X 9-9X10-2 n 711 60 123 4-0 13 12 12TX1T8X10-2 •i ii 1-20 87 40 5-0 12 00 14-0x10-2x11 -8 •• ii 14-43 73 120 60 15 8 140X12-1 XII-8 «• ii 1335 69 121 8-0 25 00 14-0Xl4-7Xl1-a 15 41 • 122 too 25 0 17-2X12-7X14-0 ii ii 14 44 • 189 12-0 29 00 17-2X14-OX14-0 21 40 • 

MINIATURE TRANSFORMERS WITH SCREENS Ref. MA Weight Size cm. VOLTS PAP No. lb oz £ P 238 200 2 2-8X2-8X20 3-0-3 140 10 212 1A 1A 1 4 61X5-8X4-8 0-6 0-6 1 47 30 ta 100 4 3-9X2 6X2-9 9-0-9 1-21 11 235 330, 330 4 4 8X2-9X3 5 0-9. 0-9 1 42 14 207 900. SCO 1 00 6 1X5-4X4-8 0-8-9, 0-8-9 2 23 30 206 1 A. 1A 1 12 70X6-4X61 0-8-9, 0-8-9 3 00 38 236 200, 200 4 48X2-9X3-5 0-15, 0-15 1 30 19 214 300, 300 1 4 700 (D.C.) 1 8 8-1X5-8X4-8 0-20, 0-20 1 74 30 221 70X6-1 X6-1 20-12-0-12-20 1 44 36 206 1A. 1A 2 12 8 3X7-7X7 0 0-15-20, 0-15-20 3-74 38 203 500, 500 2 4 B'3x7-0X70 0-15-27, 0-15-27 344 38 204 1A. 1A 3 4 89X7-7x7-7 0-15-27, 0-15-27 3 27 38 
BATTERY CHARGER TYPES PRIMARY 200-250 VOLT (Secondary 2V, OV, 12V) Ref. Amps. Weight Size cm. No. lb oz 45 1-5 1 3 7-0 X 6-1X 6-1 5 40 3 4 8 9X 7-7X 7-7 86 6-0 6 4 9 9X 9-6X 8-6 146 80 6 12 9-9X102X 8-6 50 12-5 12 0 140X102X11-8 

Please note, these units do not in- clude rectifierc 
'Carriage via B.R.S. 

Also stocked: SEMICONDUCTORS • VALVES 
AVOMETERS • ELECTROSIL RESISTORS 

PLEASE ADD 8% FOR V.A.T. including P. & P. 

TRANSISTORS & DIODES Type 
BSY29 ISNPN) B0107 (SNPNI 2N711B/2G106 (SPNP) 2N985 (GPNPI 2N1304 (GPNP) 2N1309 IGPNP) 2N1046 (GPNP) 2N1146A (GPNP) 2N1542 (G) 2 N1547 (G) 2N1557 (G) 2N2080 (G) 2N2082 (G) 2N2405 (SNPN) 2N3054 (SNPN) 2N3055 (SNPN) 2N3375 (SNPN) 2N4427 (SNPN) 2N5322 (SNPN) 

Pc VCBO FT MKr Price SOOmw 15 20     15p 11-Bw 64 100  63p 
150mw 18 120/150 Tot. Sw, Time 275 nS 43p 300mw 15 Tot. Sw. Time 115 nS 95p 150mw 30 6   15p 150mw 30 IS   30p 50w 100 20  J  £2 50 90w 70 15  1  45p 106w 100 0-35   SOp 106w 100 0-35   75p 106w 40 SOp 17 Ow 70 0-2   £1-10 1 70w 40 0-2   £1-10 1 w 120 120    55p 29w 90 1-2 40p 11 5w 100 45p 11-Sw 65 500    £3-46 3'5w 40 700 - -  52p 1 Ow 85 325   SOp 
OC35 RCA PHOTO MULTIPLIER C31005B OC71 20p, Checked and tested .... .£37 50 

BRIDGE RECTIFIERS 
1 B40K05 fj0v4a. .95p 

SWITCHES 
Edwards High Vacuum "Speedivac" model VSK1B range 25-760 torr contact ratings 
250v. 5a. volume 4-2 cu, cm. max. working 
pressure 15lb/$q. in. gauge net weight 
17oz8 £6-20 
Belling Delay hand reset L415 £1-10 
Stackpole min. rocker 125v. 10a. 250v. 5a 20p 
Tippalite Rockor 12v 60p 

CIRCUIT BREAKERS 250V AC . each £1 20 AMP TRIP TYPE 20 D Wostingh. 550 4-0 — Securox 5000 7-0 Inst. Westingh. 550 7-0 4 Heinemenn (60c.! AM 12 8-0 Inst. Westingh. 550 8-0 — Secure* 5000 90 Inst. Westingh. 550 10-0 — Securox 5000 2ao — ETA Magnetic 
DIGITAL COUNTERS 

Veeder Root Mech. Reset 4 dig. Mp 

OC75 25p, OC83 25p. GET110/NKT303 20p. 0C702 lOp. OAIO 25p, OA81 2 Op, RAS508AF 2Sp. RAS310AF 25p. STC Wire End 400PIV1A 4 for BOp, IN3193 13p, IN3194 14p. IN3255 20p. 
RECTIFIER STACKS 

GEX541B1P2 £6 88 
GEX541 D2P1 £3 50 
GEX541 N81 PI F... £6 00 
GEX541 HP3F £6-00 
SX751N181P1F . . .£6-00 

INTEGRATED CIRCUITS MC3536 Half Adder £2 00 MC356G 3 Inp OR/NOR GATE  £1-45 MC358AG AC coupled JK Flipfiop  £5-00 MC365G Line Driver £5-00 CA3020 Wideband Pow. Amp 93p CA3021 Low power video  £1-15 CA3028A RF IF Amp. 
 97p CA3038A Operational Amp. 
 £2-14 CA3055 Pos. Volt. Regulator  £1-24 CA3085 Pos. Volt. Regulator 
 TSp CD4035AE 4-stago Serial Register  £1-91 CD4017AE Decade Counter Divider  £3-86 CD4047AD Monostable Astable Multivibrator £3 66 

THYRISTORS 
GE2N1774200v. 5a.£1 -20 
CR1-02lC20v.la. . .28p 
CR10-101B lOOv. 

10a £1 00 
CR10-021 10a £1-00 CR10-40B 10a £1 00 
CR10-051 10a £1 00 
CR10-017 10a £1-00 

BTX 92 1200R 16a 
1200v £2-85 
STC3/40 400v.3a... .50p 

CAPACITORS 
Daly Electrolylic 9000uF 25v 50p p/p 15p; SOOpF 50v30pp/p 10p;TCC16mF + 16pF • BpF 450v 7Sp p/p I5p; CCL SOpF l b0uF275v 40o p/p lOp; CCL Suppressor Uri; Typo SU103/1 comprising capacitor Diode and Resistor 40p p/p lOp. OuhiliiK 
Metallised Paper type 426 lOOpF I50v SOp p/p 25p: RIC 1-8pF 440v a.c. 35p p/p lOp 

MOTORS E.E. Jhp 230v. SOc Iph 50c. 1440rpm complete with cap 80/1 OOuf 275v 

STABILIZED POWER SUPPLIES 
Grushdin Lion GX60/10a 60v. 10 amp. sat 
to 30v  £65-00 incl. carriage 
Lambda CC28v—Inp 205-265v. output 28v dc +6% 3-4 amp £38-50 incl. p. & p. 
Power Elect. Inp 240v outputs 20v 6-5a lOv 
3-4 amp + lOv 300ma .... £38 90 inc. can. 

RELAYS 
Varley Min. 700012v SOp Siemens Min. 12/15v SOp 
Magnetic Dev. Type 596E  E2-DO 

CONNECTORS McMurdo Red Range. Plug RP24   56p McMurdo Red Range. SKT RS32  90p Eng. Elect. Edge. 36 way 0-2 inch . pair £1-00 Sylvania Edge. 48 way 0-125 inch . . pair 40p Amphenol MS31068-36-10  £4-50 Continentalmicrominiuiuio2Q l080lN26 £1-30 

3 phase 2HP motor 60/50c.. 1800/1500 RPM, 208/220/440v.... 
■nounting capsta 

, , , £15 50 
inc. ca". 

. £21.SO 
net. Carriage 

motor 2HP coot 1'Ov . . . . £25 00 Inc. carr. Cat. 2026391 Potter Instruments flange DC 4 amp   
FANS. CENTRIFUGAL BLOWERS 

Airma* Type M1/Y3954 (3 blades) Cast 
Aluminium alloy impeller Ei- casing (corres- 
ponds to current type 3965 7i") 230v. 
Iph SOc 2900rom Ciass "A" insulation 
425cfm free air weight Siibs. incl. p.p. 
£21 00. 
Woods Aerofoil short casing type "S" 27COrpm 220/250v Iph SOc 6" plastic 
impeller Incl. p.p. £11 -50. 
Woods Aerofoil Code 7.5 280K 200/250v. 
1-0a Iph 50c ?.700rpm 7^" impollar 14 
blades incl p.p. £13-50. 
Service Electric Hi-Volocity Fans, suitable for Gas 
combustion Systems. Steam exhausting. Pneumatic 
conveying. Cooling Electronic equipment. Air blast 
for Oil burners. Secomak Model 365 (corresponds 
to 575) Aitblast Fan. 440v 3ph 50c 0-75hp 2850rom. 
continuous 160cfm 12 in w.g. nett weight 44ib, price incl. carr. £41.00. Secomak model 350 250v 
1ph SOc 0-166hp, 2800 rom continuous SOcfm 2 in. 
w.g. net weight 34lDs, price incl, carr. £26-00. Air Controls type V8L4 200/250v 1 ph 50c. 110cfm 
tree air weight 7 Jibs price incl. p.p. £14-50. 
Type VBL5 200/250v Iph SOc. 172 cfm free air. 
Weight lOilbs- price incl. p.p. £18-50. 
Wililam Allday Alcosa Single Stage Vacuum Rump 
Model HSPOB 8 HG Rpm 1420. E.E 3 phase 
induction motor 1/3 hp com 220/260v. 380/440v. 
Class E ins. £21 00 incl. carriage. Gast MFG. Vacuum oump 0522-P702-R26X. 
Motor 110/120v. A.C. 1 ph. 60c 1725 tpm. Class E. 
lOcufl to 10in Mercury in 2 mins maintains vacuum. 
635mm Mercury. Or as compressor lOpsi Int. or 15 psi conL £25-00 incl. cair. 
Where p.p. not advised add 10p per £ handling and post (in UK). Cash 
with order. Pcsonal callers welcome,Open Mon.-Wed. 9.30-5.00 Fri.-Sat. 
9.30-5.00. Free Car Park adj. PRICES SHOWN ARE EXCLUSIVE OF V.A.T. 

W. & B. MACFARLANE 
126 UXBRIDGE ROAD, HANWELL, LONDON W7 3SL 

BARRIE electronics 

3.THE M1NORIES, LONDON EC3N 1BJ 

TELEPHONE: 01-488 3316 8 
MEAREST TUBE STATIONS ALDGATE & LIVERPOOL ST. 

WW—043 FOR FURTHER DETAILS 
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and make no mistake 

AUDIOTRONIC Model ATMS 
J-mov-t. 
attnct!YIIy maul­
._ with edgwiM 
ohmsodju-L R.._, 0-3/151150/ 
300/1200V AC, 

=~1~/301 
(5000 """'· ().300 uA/o.300mA DC. 
R-e:x10& 
x100. -10to+16dB. 
SUpplied with bon.ry 
tm.--.u .. 
_,.,_Size: 121 x 73 x 29mm. 
OURPRICE£3.95 P&P20p 

MODEL TH12 
20,000 opv. O. .... ood --tion. Slide switch ..... ..,... 0/0.25/2.5/10/ 
50/150/1000V DC. 0110/ 
50/2110/1000V AC. 0/ 
50uA/251250mA DC. 
0/31c/30k/300k/3 Megohms. -20 to 
+50dB. 
OUR PRICE £5.95 

P8tP30p 

HIOKI730X 

a77 

MODEL U4311 Sub-standard 
Multi-range Volt-Ammeter 
Sensitivity 330 
Ohms/VoltAC 
and DC. 

~1%"~g:5" 
Seale length: 
16Smm. 
OJ300nsouAJ 
1.5/3/7.5/15/ 
30/75/150/300/ 
7SOmA/1.513/ 
7.5A DC. 0/3/ 
7.5/15/30/75/ 
150/300/750mAI 

~'f/lffs~~i750mV/1.5/ln.6/15/ 
-30n5/150/300/750V DC. 0/750mV/ 
1.5/3 n.st1s/30nst1so/30017sov 
AC. Automatic eut out dwiee. Supp­

•lied eom:p!ete wi-th test leads~ manual 
and test certilteates. 

OUR PRICE £52.00 P&P SOp 

MODEL AF.105 VOM 

tj(. l 
!t' ' 
!1: · -

P&P25p 

Also see following pages 
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and make no mistake 

AUDIOTRONIC Model ATM1 
Top value 1,000 opv pocket multi- meter. Rang©*:— 0/10/50/250/1.000 
vo<I AC and DC. DC current 0-1mA/ 100mA. Resistence: 0/150k ohms. Decibels; -10 to +22dB. Size 90 x 60 x 28mm. Complete with test leads- 
OUR PRICE £3.25 P&P 15p 

AUDIOTRONIC Model ATMS 
Jewel movement, attractively moulded case with edgwise ohms adjustment. Ranoes: 0-3/15/150/ 300/1200V AC, 12500 oov). 0-6/30/ 300/600V DC, (5000 opv). 0-300 u A/0-300m A DC. Resistance: x 10 & x 100. —10 to +16dB. Supplied with battery test leads and data booklet. Size: 121 x 73 x 29mm. 
OUR PRICE £3.95 P&P20P 

MODEL TH12 
20.000 opv. Ovatload protection. Slide switch selector. 0/0.25/2.5/10/ 50/150/1000V DC. 0/10/ 50/250/1000V AC. 0/ 50uA/2S/250mA DC. Q/3k/30k/300k/3 Megohms. -20 to +50dB. 
OUR PRICE £5.95 P&PSOP 

HIOKI 720X VOM A versatile, 
accurate meesui ing instrument 20,000 opv. 0/ 5/25/100/500/ 1000V DC, 0/1 50/250/1000V AC. 0—50uA/ 260mA. 0—20k/ 2 Megohms. 
OUR PRICE 
£5.97 
P&PSOp 

MODEL 
20.000 opv DC. f 
8000opv AC. 
Mirror scale 
8/3/12/30/120/ 
000V DC. 3/30/ 120/600V DC. 
60/800 |iA/60/ 
flOOmA.   —   
10/100K/1 Mog/10 Meg Ohm. 

20 to + 46dB. 
OUR PRICE £6.97 PBPSOP 

U4323 MULTIMETER 
ZO.OOOopv. s< unit with audi CMC ill a tot. Suitable tor general racaiver tuning. Ranges; 03/2.5/10/50/250/ BOO/IOOOV DC. 2.5/10/15/250/500/1000V AC. 0.05/. 0.5/6/60/500mA DC, Resistance: 
x 10, x 100, x 1.000. x 10,000 (BOil, 6000.5kn. 50kn centre scale) 
Bettary operated. Size: 160 x 97 x 40inm. Supplied in carrying caee com- pieta with test leads. 
OUR PRICE £7.70 P8.P30p 

HIOKI 730X 
30,000 opv. Over- 
load protection. 
6/30/60/300/600/ 
1200V DC. 12/60/ 
120/600/1200V AC. 
60/pA/ 30mA/300mA. 
2K/200K/ 
2 MegOhm. 
-10to - 63dB. 
OUR PRICE £7.50 
P&P 30p 

/ >- 

U4324 MULTIMETER High s«»nsitivity. over- load protected. 20,000opv. Ranges; 0.d/172/5/12/30/ 60/120/600/1200V :DC. 3/6/15/60/150/ 300/600/900V AC. Currant: 0.06/0.6/ 6/60/600mA/3A DC. 0.3/3/30/300m A/ 3A AC. Resistence: 25/500 ohms/0.5/5/50/500k ohms/5 Mohms. Decibels; —10 to +12dB, Size 167 x 98 x 63mm. Supplied comp- lete with test leads, spare diode and instructions. 
OUR PRICE £9.25 R&PSOP 
U435 MULTIMETER 
20,000opv. Ranges: 
TSm V/2.S/10/25/ 100/250/500/1000V DC. 25/10/25/100/ 250/600/1000V AC. Current: 50u A/1/5/ 25/100m A/0.5/2.5 A DC. 5/26/100m A/ 0.5/2.5A AC. Resist- ance: 0.3/3/30/300k Ohms. Size: 205 x 110 x 84mm. Sup- plied complete with leads, crocodile clips end steal carrying case. 
OUR PRICE £8.75 P&psop 

•• 
% 

U4312 MULTIMETER extremely sturdy instrument for general electrical use. 667opv. 0/0.3/1.5/7.5/30/ 60/150/300/600/ 900V DC & 75mV. 0/0.3/1.5/7.5/30/ 60/150/300/600/ 900V AC. Q/300uA/ 1.5/6/15/150/60/ 600m A/1/1.5/6A DC-0/1.5/6/15/ 60/150/6OOm A/ 1.5/8A AC. 0/200/3k/30k ohms. DC accuracy 1%. AC 1.5%. Knife edge pointer, mirror scale. Complete with sturdy metal carrying case, leads and instructions. 
OUR PRICE £10.25 P&PSOP 
U91 Clamp VOLT 
AMMETER 
For measuring AC vdt- age and current without breaking circuit. Ranges: 300/600V AC. Current: 10/25/100/250/500A. Accuracy 4%. Size 283 x 94 x 36mm. Complete with carrying case, leads and fuses. 
OUR PRICE £13.50 P&P 30p 
MODEL 500 30.000 opv with overload protect- tion. Mirror scale. 0/0.5/2.5/10/25/ 100/250/500/ 1000V DC. 0/2.5/10/25/100/ 250/500/1000V AC. 0/50uA/5/50/ 500mA. 12A DC. 0/60k/6 meg/60 megohms. 
OUR PRICE £13,95 Carr.paid 
Case for above £1.75 

HIOKI 750X VOLT-OHM- 
MILLIAMETER 
43 ranges: 0-0.3/0.6/ 1.5/3/6/12/30/60/150/ 300/600/1.200V DC. 0-3/6/15/30/60/120/ 300/600/1.200V AC. 
Current; 0—30/60uA/ 1.5/3/15/30/150/300 mA/6/12A. Resistence: 0—3/300k/3/30Mohms. Decibels: -10 to +17dB. Output:- 0-3/6/15/30/60/120/300V. Accur- acy ± 3% DC, ± 4% AC. Sensitivity: 50,000 opv DC, 5,000 opv AC. 4 inch meter. Built in protection. Size: 57 x 102 x 153mm. 
OUR PRICE £11.95 P&ppdp 
TMK MODEL TW50K 46 ranges, mirror scale. 50k/V DC 50k/V AC. DC Volts: 0.125/ 0.25/1.25/2.5/5/10/ 25/50/125/250/ 500/1000. AC Volts 1.5/3/5/10/25/50/ 125/250/500/ 1000. DC current 
25/50u A/2.5/5/25/ 50/250/50!>mA/5/ 10A. Resistence: 1 Ok/100k/1 Meg/   " - - 10 Meg ohms. —20 to -t-SI.SdB. 
OUR PRICE £12.50 P&pzop 
HIOKI MODEL 700X 100,000opv. Overload protection. Mirror scale. 0.3/0.6/1.2/1.5/3/6/ 12/30/60/120/300/ 600/1200V DC. 1.5/3/6/12/30/60/150/ 300/600/1200V AC. 15/30u A/3/6/30/60/ 150/500mA/6/12A DC. 
2k/200k/2M/20MOhms. —20 to +63dB. 
OUR PRICE £14.95 P&P30p 
Model HT100B4 MULTIMETER 
Overload protected, shock proof circuits. 9.5uA Meter with mirror scale. Sensitivity lOOkV. Polarity change switch. Ranges; 0.5/2.5/ 1-/50/250/500/1.000 Volts DC. 2.5/10/50/ 250/1.000 Volts AC. DC resistence' 0—20/ 200k/2/20 Meg. ohms. DC current:- 10/250uA/2.5/25/2SO mA/10A. AC current;-0-10A.—20 to +62dB. Operates from 2 x 1.5V 
batteries. Size: 180 x 134 x 79mm. 
OUR PRICE £17,50 P&piop 

M 

MODEL AS.IOOD VOM 
100.000 opv. 
Mirror scale. 
Built-in meter 
protection. 0/3/ 12/60/126/300/ 
800/1 200V DC. 
0/6/30/120/300/ 60OV AC. O/IOpA/ 
6/60/300mA/ 
12 Amp. 0/2K/ 
200K/2M/200 Meg Ohm, - 20 to 17dB? 
OUR PRICE £17.50 P&P 30p. 
MODEL C7202EN 
20,000o.p.v. DC. 
10.000O p.v. AC Mirror Scale. 
5/25/50/250/500/ 1000 2500 V. DC. 
10'50/100/500/1000 V. AC. DC Resistance 
xio. xiooo ison centre scale) DC 
Current 50u A/ 
2-5mA/250mA. 20 to 4-S8 dB. 
OUR PRICE £6.50 P&psop 

KAMODEN HM72DB FET VOM 
Input impedence 10 Megohms. Ranges: — 0/.25/1/2.5/10/50/ 1000V DC. 0/2.5/10 50/250/1000V AC. 0/25o A/2,5/25/250 mA DC. 0/5k/50k/500k/5 M 500 Megohms 
OUR PRICE 
£21.00 p&p 40p 
KAMODEN 360 MULTIMETER 
High sensitivity. DC lOOkohm/V AC lOkohm/V 5" mirror scale, overload protect- ed. Ranges: 0.5/ 2.5/10/50/250/ 1000V DC. 5/10/ 50/250/1000V AC. Current: 0.01m A/0,5/5/50/ 500m A/1 OA. Resistance: 0.1/ 1/10/100 ohms/ 1/10/100k ohms/ 10/1 OOM ohms. Decibels —20 to +€2dB. Battery operated. Size; 180 x 140 x 80mm. Supplied complete with, test leads.etc. 
OUR PRICE £17.50 P&P40P 

SO 

TMK MODEL 117 FET 
ELECTRONIC VOLTMETER 
Battery operated. 11 Meg input, 26 ranges. Large AY*" mirror scale. Size: 149x117x60mm. 0.3-12000V DC. 3—300V RMS AC. 8—800V P-P. DC current 0.12— 12mA, Resistence up to 2000MOhms. Decibels: —20 to +51dB, Supplied complete with leads and instructions. 
OUR PRICE £18.50 P&P20P 

u u ■ m 11 c n 

TMK I00KLAB TESTER 
100,000opv, BYt" scale. Buzzor Short circuit check. Sensitivity 100,000 opv DC, 5k/V AC DC Volts: 0.5/2.5/ 10/50/250/1OOOV AC. 3/10/50/250/ 500/1000V DC. current lO/IOOuA/ 10/100/2.5/1 OA. Resistence: lk/10k/100k/10 Mog/100 Mag ohms. Decibels: -10 to -^SdB. Plastic case with carrying handle. Size: 190 x 172 x 99mm. 
OUR PRICE £19.95 P&PSOP 
370WTR MULTIMETER 
Features AC current ranges. 20,000opv. 0/0.5/2.5/10/50/ 250/500/1000V DC. 0/2.5/10/50/250/ 500/1000V AC. 0/50uA/1/10/100 mA/1/1 OA DC. 0/100mA/1/10A AC. 0/5k/50k/500k/ 5 Meg/50 Meg. 
Decibels: -20 to +62d8. 
OUR PRICE £19.95 P&PSOP 
KAMODEN 72,200 Multitester 
High sensitivity taster. 200,000 opv Overload protected. Mirror scale. 
Ranges;-0/.06/.3 3/30/120/600/ 1200V DC. 0/3 12/60/300/11200 V AC. 0/6uA/ 1.2mA/120mA/ 600mA/12A DC 0/12A AC. -20 to +63dB. 0/2k/200k/ 2 Meg/200 Megohms. 
OUR PRICE £22.50 p&P30p 
U4317 MULTIMETER High sensitivity 
instrument for field and laboratory work. Knife edge pointar, 86mm. mirror scale. Overload protection. 
Ranges; lOOmV/ 0.5/2.5/10/25/50/100/250/500/1000 V DC. 0.5/2.5/10/25/50/100/250/ 500/1OOOV AC. Current: 50uA/0.5/ 
l/5/10/50/250mA/1/5A DC. 0.25/ 0.5/1/5/10/50/250mA/1/5A AC. Res- istance: 0.5/10/100/200 ohms/I/3/ 
30/300k ohms. Decibels: -Sto+IOdB Battery operated. Size: 210 x 115 x 90mm. Supplied in carrying case com- plete with leads. 
OUR PRICE £16.50 P&paop 
MODEL C7208FM, 
30,000opv DC. 
15,000 opv AC. 
6/3/15 60/300 '600/ !' 

1200 V. DC. 6/30/ 
120/600 1200 V.AC..-I DC Resistance xl, 
X10, x 100. x 1000 (500 centre scale) 
DC Current 30uA/ 
3/30/600mA. — 20 to -f-BSdB." 
OUR PRICE £8.95 P&PSOP 

MODEL U4311 Sub-standard 
Multi-range Volt-Ammeter Sensitivity 330 Ohms/Volt AC and DC. Accuracy 0.5% DC. 1% AC. Scale length; 165mm. 0/300/750uA/ 1.5/3/7.5/15/ 30/75/150/300/ 7S0mA/1.5/3/ 7.5A DC. 0/3/ 7.5/15/30/75/ 150/300/750m A/ 1.5/3/7.5A AC. 0/75/150/300/7SOmV/1.5/3/7.5/15/ 30/75/150/300/750V DC. 0;750mV/ 1.5/3 /7.5/15/30/75/150/300/750V AC. Automatic cut out device. Supp- lied complete with test leads, manual and lest certificates. 
OUR PRICE £52.00 P&PBOP 
MODEL AF.105 VOM 
50.000 opv. Mirror 
scale. Meter 
protection. 
0/-3/3/12/60/120/ 300/600/1200V DC. | 
0/6/30/120/. 
300/600/1200V DC. 0/30pA/6/ 
60/300 mA/ 
12 Amp. 0/1 OK/ 
1m/10m/100 Meg Ohms. —20to ^17dB.'~ 
OUR PRICE £12.50 p&paop. 
LB3 TRANSISTOR TESTER 
Tests ICO and B. PNP/NPN. Operates from 9V battery, instructions supplied. J 
OUR PRICE 
£3.95 p&p 2 Op 
LB4 TRANSISTOR 
TESTER 
Ttsts PNP or NPN transistors. Audio indication. Operates on two 1.5V batteries. Complete with instructions etc. 
OUR PRICE 
£4.50 P&P 20p 
KAMODEN TT35 
TRANSISTOR TESTER High quality instrument to tost reverse leak current and DC currant. Ampli- fication factor of NPN. PNP, diodes, transistors, SCR's etc. 4" square dear scale meter Operates from internal batteries. Complete with instructions, leads carrying handle. 
OUR PRICE £17.50 P & P40p 
U4341 Multimeter & 
Transistor Tester 
27 ranpas. 16.700opv. Overload protected. Ranges: 0.3/1.5/6/ 
30/60/150/300/900V DC. 1.5/7.5/30/150/ 300/750V AC. Current: 0.06/0.6/ 6/60/600mA DC, 0.3/3/30/300mA AC. Resistance: 0.06/ 0.6/2/6/20/60/200k ohms/2 Mohms. 

m 

Battery operated. Supplied complete with probes, leads and steel carrying case. Size: 115 x 215 x 90mm. 
OUR PRICE £10.50 p&P3op 
SIDOTfl MULTIMETER 
TRANSISTOR TESTER 
100,000apv. Mirror scale. Overload protection. 0/0.12/ 0.6/3/12/30/120/ 600V DC. 0/6/30/ 120/600V AC. 

.0/12/600uA/12/ 300mA/6/12A DC 0/10k/1 Meg/ 100 Meg. -20 to +50dB, 0.01-0.2 MFD Transistor tester measures Alpha, Beta and ICO. Complete with instructions, batteries and leads. 
OUR PRICE £19.95 P&P25P 
SWR METER Model SWR3 
Handy SWR meter for transmitter antenna align- ment, with built-in field strength meter. Accuracy 5%. Impedencs 62* Indic- ator lOOuA DC. Full scale 5 section collapsible antenna. Size 145 x 50 x 60mm. 
OUR PRICE £4.25 p&p 30, 

i 

ALL PRICES 
EXCLUDE VAT 

Also see following pages 
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P&P 30p 

TRANSISTORISEO l.C.R. A.C. 
BR/~· MEASURING BRIDGE 

A new 1)0'1able 
b!id9Et offering 
exeelle~t range &nd 

~~:~.r~e:s~~t~~::ce: 
6 ranges: 0 .1 

ohm-11.1 megohm ± 1% Induct­
ance : 6 ranges: 1 m jcrohenry-111 -
henries ± 2% Capaci ty: 6 ranges: 
10pf-1110 mfd ±' 2% Turns Ratio: 
6 ranges: 1:1 / 1000 -1:11100 : 1% 
Bridge Voltage at 1.000cps. Opera­
ted from 9 -volt battery, 100 micro .. • 
amp meter indication. Site 7i v x 

s• • ?"OUR PRICE .£25.00 30p 

TE16A TRANSISTORISED 
SIGNAL GENERATOR 

~ .. r.,:o:.~ ~ inexpensive \ · 

~~thua';;~~~~~~. \ . ' 
Oper.-tes on 9V 
battery. Wide 

:::£e.1~6~t1-tz 
modulation. 
Size: 149 x 149 :x 92mm. Complete . 
with instructions and leads. 
OUR PRICE £8.97 

TE • 200 RF SIGNAL 
GENERATOR 
ACcurat& wide range 
signal gent rator 
CO\IerinQ 120 kHz-500 
MHz on 6 bands 
01rtctlY calibrated 
Variable R.F. 
attenuator audio output, Xtal socket 
for calibration. 220/240V a .c. 
Brand n•w with instructions. 
Size 140mm )1215mm .x 170mm. 

OUR PRICE £17.50 P&P SOp 

TE22 SINE SQUARE WAVE 
AUDIO GENERATOR 
Sine 20cps 
to 200kHz 
on 4 barids. 
Square 20 

~~z~00~~t 
=d&~-

POWER RHEOSTATS 
High quality ceramic ~·'·t. 
f;st~~~Qd~i~- .~· ., 
vitreous enamel. ~ t.. 
Heavy duty brush " -
wiP.O". Co.ntinuous 
rattng. 
Single hote!i?ting •. ~" diafll8tei- shafts. 
Sulk quantat1es available. 

25 WATT 10i 25! 50i100/500/ 1QOO/ 
2600ohms. £1.15 P&P 10p 

50 WATT 10/601100/250!5001 
1600/5000 ohms. 

£1.62 P&P Hlp 

100 WAJT 1/5/10/25!60/250/SOO/ 
2500 ohms. ;oo Ohms 

£2.34 P&P 15p 

EMILOUDSPEAKERS 
Model 350 13 x 8" w;th 
single tweeter/crossover. 
20C-20,000Hz. 15 watts 
RMS. Availabje 8 or 
15 ohms. 
OUR PRICE 
£7. 5P each _ P&P 37p 
Model 450 13 x 8" with 
twin tweeter/crO$Sover. 
55-13,000Hz. 8 watts 
RMS. Available 8 or 15 ohms 

OUR PRICE £3.62 eoch P&P 3Sp 

SPECIAL PURCHASE 
LIMITED QUANTITY! 
Tannoy 12"DR/8 
Bass Speakers 
8 ohms. 30 wa.tt. 
Heavy duty, ideal 
for Hi· ff P.A. 

f in ished in 
twottone the LE-102A is . 
usefu l in the home. office or shop 
andj s s u itable fo r use as baby 
alarm, Wall or desk mounting 
57mm s peakerJmic givGs clear 2· 
wetvcommunication w ith o nioff 
and volume control on master 
unit. Operates on 9V batt. Approx. 
60ft lead. 

200/250V 
AC operation. Supplied brand new OUR PRICE £3.95 P & P 30p 
r'n:t'r.":;.<l· with instruction manual I--T-R-IT_O_N_4_3_1_8_P_O_R_T_A_B_L_E _ _ -I 

OUR PRICE £24•95 8 TRACK CARTRIDGE 
ARF 300 AF/RF SIG PlAYER WITH MW 
GENERATOR RADIO ,F.==::==. 
AU transistorised 
compact fully 
ponable. AF s-ine­
wave 18Hz: to 220 
kHz. AF square 
wave 18Hz to lOOk 

~i~ cz~e:\gv~are/ 
:p.p RF 100kHz to 
200MHz. Output 
1V maximum. 
220/240V AC operatton. Complete 
with, i~tructioO$ and leads. 
OURPRICE'£37.50 - P&P 50p 

Will playS 
track stereo 
Cartridge 
monaurally. 
C hannel 
selector 
$Witch. Cover·s 
me9i um and long wave 
bands. Volume and tone controls. 
Earphone socket. Battery/ Mains 
9peration. 

OUR PRICE£t1.95 p & p SOp 

OUR PRICE 

FM TUNER 
6 transistor 
high quality 
tuner. Size 
only 153 x 
101 x 63mm 
3 IF otaQe>­
Double t uned 
discrimin8tor. 
Ample output to feed most amplifier$. 

~C:M~i. ~~;d~ ~~~~:.1~~1~sr:; 
Fantastic value fo~ money. 

OUR PRICE £8.95 P&P 20p 
Stereo Multiplex Adaptor £5.95 f!xt ra 
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s ive offer of GOO-OWirQ 4 -
CHANNEL CONVERTER and a pair 
of AD15 10 watt 8 ohm bookshelf 
speakers enables you to add 40 
sound to your existing system. 
Complete with si mple connection 
details. Normal r~tail value £25.50. 

OUR PRICE £15.80 P & P £1 .. 
GOODWIN CONVERTER available 
separately £3.95 P & P SOp. 

Model A1018 

·r~a!.~~~~ghe· 
.. guality u_nit- , ~ 
31F stagas and ~ ~ ~ 

~r;~~;~a~:!. · ~-'"- · · , .. 
For us.e with most amplifier$. Covers 
88- lOSMHz. Powered by 9V battety. 
OUR PRICE £13.50 P&P 30p 
Stereo multiplex adapter £6.95 extra. 

SINCLAIR SYSTEM 2000 
STEREO AMPLIFIER 
AND TUNER 

[]!i~00~1 
2000 AMPLIFIER 
ArnpHfier output 8 watts per 
channel A MS. Distortion less than 
0·06%. Silicon ttansistors. Two 
pick-up p lu s rad io and tape inp uts, 
tape output and scratch f ilter. 
Excellent Val ue. list £:39.95 
OUR PRICE £27.50 P&P60p 

; . 

2000 FM TUNER 
Excellent select ivity and sensi­
tivity. Twin dual·varicap tuning. 
4 pole ceramic fHter. 19 t ransistor 
stereo demodulator giving 40 d8 
separation. Distortion 0·2%output. 
Fantastic Value. List £39.95 
OUR PRICE £27.50 P & P 

SINCLAIR ICI2 
INTEGRATED 
CIRCUIT , ,_-~,. , -
AMPLIFIER · . - . . *;-~~;';::~~~~~~t;~ ~ / 
mounting board. 

UR PRICE £1.50 P&P 

SINCLAIR Project 80 Modules 
240 Powef Amp. £5.95 P & P 15p 
260 Power Amp. £7.45 P & P 1 Sp 
Stereo 80 Pt'e·Amp. C13.95 P & P 1 Sp 
Active Filter Unit £7.4$ P S: P 15p 
F M Tuner £13.95 p S: P 1Sp 
Stereo Decoder £8.95 P & P 15p 
PZS Power Supply £6.95 p & P JOp 
PZ$ Power S~o~pply C8.95 P & P l Op 
PZS Power Supply £8.45 P & P 30p 
T ransformef for P28 (4.05 P &: p SOp 
IC 20Stereo Amp. kit £7.96 P & p 15p 
PZ20 Power Svpply kit £5.45 P & P .lOp 
SINCLAIR Project 80 Packages 
.2xZ40/Stereo 80iPZ6 £28.60 I p 6 p 359 
~~~:~~~:;:: :g~~~= ~~~::~ J e"~ 

• AF30 MOflO·p~e:~·;;;pj;fje·; : : : : :: : 
Af35 Emitter amplifier ...... .. . . 

~~~8s0i~~r~~~;~:~~~:~.i~~.'.""' l~ .:; 
AF310 2 Mo.no Amplifie r ... ... £7 55 
M160 Multi·vibra'tol' ....... .... ... . £2.18 
M1302 Transistor tester......... £$.33 
M191 VU Meter ................... :: £5.37 
M192 Stereo balance mo(er.. £5.93 
LF380 Quadraphonic device .. £ 8.42 
ATS Automatic light contrOl.. £3.75 
AT30 Photo coli switch umt... £6 68 
ATSO 400W triac light 

A T~~~2•ob'X•,~1a~l~~~>l £ 
5 18 

dimmer/speed control. .• ~ ... £·6 75 
AT6Q 1 ch.aonollight control.. £10 82 
A Y65 3 channel I ight control .. £·1& 52 
GU330 Tremolo unit .............. £8.10 
HF61 Diode detector .............. £3 87 
tiF65 FM transn"'itter .............. (J 21 
HF75 FM recciY'er .. ,. ........ .. .... £3 66 
Hf310 FM fu ner .................... £ 16 32 
HF325 Deluxe FM tuner ........ £ 26.33 
HF330 Decoder lHF310i 3251 £ 10 .55 
GP31 0 S1ereo pre-amplifier 

for usc wi·th 2 x AF310 .... . £ 22.98 
GP312 Circuit board ............... £ 10.02 
GP·J04 Circt~ it board' . .'.' ....... , .... £5-.33 
HF380 lw/ vhf aerial amplifier £6.02 
HF395 broadbttnd aerial amp. £2 1~ 
NT1 0 Stabilised power supply 

NT~ggs~j,~~~·j;'.'s;;ppiv:::: £~~:~~ 
NT310 Power Supply 240 V AC 
or 2 x 18 V O.C. at 2 an'lps (5.64 
NT305 Voltag~ converter... ... £.5.64 
NT31 AC 

AE1100mWoutptlt stage........ 1.55 

~~~ ~~~~;;:c~~ii~~;:~:: · ::::::~~-~:~ · -i ~:J: 
AE4 Flasher .......... .... .............. £1 .26 
AES Astable multi-vibraf6r ..... £1.14 
AE6 Mor\OStable mu lti·vlb r<UOJ £ V l1 
AE7 RC generator... £.1 .08 
AES Bass filter .... ......... ......... .. £1 .05 
AE9 Treble f ;l ter ..................... £ t.O~ 
AE10 CCIR filter ... .. ..... .......... £ 1.05 

Also see previous page 

ALL_PRICES 
EXCLUDE VAT 
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CI5 PULSE OSCILLOSCOPE 
For display of pulsed and perioaic wave- forms in elecTronic circuits. VERT. AMP, Bandwidth; 10MHz. Sensitivity at 100kHz VRMS/mm: 0.1-25; HOR. AMP. Band- width: SOOkHz. Sensitivity ay 100kHz VRMS/mm: 0.3-25 Preset triggered sweep 1—SOOOusec. Free running 20-200 kHz in nine ranges. Calibrator pips. 220 x 360 x 430mm. 115-230V AC. 
OUR PRICE £43.00 Car,, paid 
RUSSIAN CM6 Double Beam 
OSCILLOSCOPE 5 MHz pass band. Separate Y1 and Y2 amplifiers. Rectang- ular 5" x 4" CRT. Calibrated triggered sweep from 0.2usec. to lOfl milli-aoc/cm. Free running time base, 50Hz—1 MHz, Built-in time bate Calibrator and amplitude Calibrator. Supplied complete with all accessories and instruction manual. 
OUR PRICE £87.00 ca„.paid 

ST 

MODEL TE15 
GRID DIP METER Transistorised. Oper- ates as Grid Dip. Oscillator, Absorb- tion Wave Meter and Oscillating Detector. Frequency range 440k Hz-280MHz in six coils. 500uA meter. 9V battery operation. Size: 100 x 80 x 40mm. 
OUR PRICE £19.95 P&P 30p 
TRANSISTORISED L.C.R. A.C. 
BR/8 MEASURING BRIDGE 

i A new portable 
1 bridge offering 

t" T—U ; excollent range and 
' I accuracy at low W Q jJ cost. Resistance:' 

mmmrn 6 ranges: 0.1 ohm-11.1 megohm ± 1% Induct- 
ance: 6 ranges: 1 microhenry-ll 1 
henries ± 2% Capacity: 6 ranges: 
lOpf-IIIO mfd ± 2% Turns Ratio; 
6 ranges: 1:1/1000-1:11100 = 1% 
Bridge Voltage at I.OOOcps. Opera- 
ted from 9-volt battery. 100 micro-- amp meter indication. Size 7i" x 
S 'rQUR PRICE £25.00,PB,P3OP 

TE16A TRANSISTORISED 
SIGNAL GENERATOR 5 ranges, 400kHz to 30 Mtfz. An inexpensive instrument for the handy-man. Operates on 9V battery. Wide easy to road scale. 800kHz modulation. Size: 149 x 149 x 92mm. Complete with instructions and leads. 
OUR PRICE £8.97 P&P 30p 
TE-2DD RE SIGNAL 
GENERATOR 
Accurate wide range signal generator (■||| 
covering 120 kHz-500 ' G M A 
MHz on 6 bands i I " " 
Directly calibrated 
Variable H.F. 
attenuator audio output, Xtal socket 
for calibration. 220/240V a.c. Brand naw with Instructions. 
Size 140mm * 215mm x 170mm. 
DDR PRICE £17.50 p&PSOp 

a 

TE22 SINE SQUARE WAVE 
AUDIO GENERATOR 
Sine 20cps to 200kHz ■ -  ■ nia- J on 4 bands. \ ^1 - J 

Square 20 1 dk cps to 30 ' kHz, Output 
impedance 5000 Ohms. 200/250V AC operation. Supplied brand new guaranteed, with instruction manual and leads. 
OUR PRICE £24.95 pap sop 
ARE 300 AF/RF SIGNAL 
GENERATOR All transistorised compact fully portable, AF sine- wave 18Hz to 220 kHz. AF square wave IBHz to 100k Hz. Output Sou are/ Sine wave 10V. P-P RF 100kHz to 200MHz. Output IV maximum. 220/240V AC operation. Complete with instructions and leads. 
OUR PRICE £37.50 P&psop 

© 

MODEL MGI00 SINE SQUARE 
WAVE AUDIO 
GENERATOR 
Range T9- 
220,000Hz Sine 

Wave 19-100.000 Hz Square Wave 
Output Sine or Square wave lOv. P. to P. 
Size 180 x 90 x 90mm.Operation 
220/2«0v A.C. 
OUR PRICE £19.95 P&PSOP 

SPECIAL 
BARGAIN! 
FERGUSON 
3406 HI-FI 
SPEAKERS High quality 2 way!speaker systems, 25 Watts. 4-8 ohms. 40Hz-18kHz. Size; 560 x 340 x 255mm. approx. Wood grain finish with Mack fronts. 
OUR PRICE£22.50PR. P&P £1 

i 

POWER RHEOSTATS 
High quality ceramic construction. Wind- ings embedded in vitreous enamel. Heavy duty brush wiper. Continuous rating. 
Single hole fixing. V*" diameter shafts. Bulk quantities available. 
25 WATT 10/25/50/100/500/1QOO/ 
2600 ohms. £1.15 P&P lOp 
50 WATT 10/60/100/2B0/S00; 1500/5000 ohms. 

£1.62 P8.P lop 
100 WATT 1/5/10/25/50/250/500/ 2500 ohms. >00 Ohms 

£2.34 P&P 15p 
EMI LOUDSPEAKERS 
Model 350 13 x 8" with single tweeter/crossover. 20-20,000Hz. 15 watts RMS. Available 8 or IS ohms. 
OUR PRICE 
£7.50aach P&P 37p 
Mode) 450 13 x 8" with twin tweeter/crossover. 
55-13.000Hz. 8 watts _ RMS. Available 8 or 15 ohms 
OUR PRICE £3.62 sach P&P35P 
SPECIAL PURCHASE 
LIMITED QUANTITY! 
Tannoy 12"DR/8 
Bass Speakers 
8 ohm». 30 watt. . 
Heavy duty, ide for Hi-Fi P.A. 
Group. 
OUR PRICE £12 60 P&P 50p 

PS2DD Regulated POWER 
SUPPLY UNIT 
Solid state. Variable output 5—20V DC up to 2 Amp. Inde- pendent meters to monitor voltage and current. Output 220/240V AC. Size; 190 x 136 x 98mm. 
OUR PRICE £19.95 

m 

P&P 50p 
AUDIOTRONIC LE-102A 
INTERCOM 

Beautifully made and finished in 
twoltone ivory/buff, the LE-102A is 
useful in the home, office or shop 
and issuitablefor useasbaby 
alarm. Wall or desk mounting 
57mm speaker mic gives clear 2- 
way communication with on off and volume control on master 
unit. Operates on 9V batt. Approx 
60ft lead. 
OUR PRICE£3.95 P&PSOP 
TRITON 4318 PORTABLE 
8 TRACK CARTRIDGE 
PLAYER WITH MW/LW 
RADIO 
Will playS track stereo 
cartridge 
monaurally. Channel 
selector 
switch. Covers '   
medium and long wave 
bands. Volume and tone controls. 
Earphone socket. Battery/Mains 
operation. 
OUR PRICE £11.95 P&PBOP 

EA41 REVERBERATION 
AMPLIFIER 
Self contained. iransistorised, battery operated. ~ Simply plug in microphone, guitar etc. and output to your amplifier. Volume control and depth of reverberation control. Beau- walnut cabinet. 184 x 77 x 108mm, 
OUR PRICE £7.50 pspsop 

{SPECIAL PURCHASES! 
► RECORD DECK PACKAGE 
>by Famous Manufacturer >GAHRARD SP25 Mark 111 X ► G800 cartridge m luxurious plinth^ >with cover. 
JOUR PRICE £13.95 P&ptsp 
f GARRARO SP25 Mark 111 Record^ 'deck fitted KS 40A cartridge. 
JOUR PRICE £9.95 P&PSOP 

LH02S STEREO HEADPHONES 
Light weight head- phones with oadded ear pieces. 4/16 ohms 20-20,000Hz. Complete with 6' lead and plug. 

OUR PRICE £1.97 R&Vaop 
DH02S STEREO HEADPHONES 
Wonderful value and excellent performance combined. Adjust- able heed band. Impedance 8 ohms. 20—12,OOOH2. Complete with lead and plug. 
OUR PRICE£2.25 P&PSOP 
TE1035 Stereo HEADPHONES Low cost with exc- . ellenl response. Foam rubber earcups. Adjust- able headband. 8 ohms impedence. Frequency response 25Hz-18kHz. Complete with cable and stereo jack plug, 
OUR PRICE £2.60 p&P30p 
SDH8V MONO/STEREO 
HEADPHONES 
Volume control for each channel. 4/16 ohms impedence. Frequency response 20Hz —18kHz. Complete with 10ft. coiled lead and jack plug. 
OUR PRICE £4.97 P&P 3Op 
BH001 HEADSET and Boom 
Microphone Moving coil. Ideal for language teaching, communi- cations etc. Headphone impedence 16 ohms,'Mic- rophone impedence 200 ohms, 
OUR PRICE £5.95 P&psop 
HANIMEX HRC 3075 
CASSETTE RADIO 
Covers 
Medium and 
FM wave- 
bands. Slider 
volume and 
tone controls. 
Battery/Mains 
operation. Will record 
direct from radio or through built 
in condenser microphone. Com- 
plete with batteries, earphone, 
and cassette. 
OUR PRICE £24-30 P&P50p 
SPECIAL BARGAIN !! 
STEREOSOUND SPEAKERS Matched pair of stereo bookshelf speakers. Deluxe teak veneered finish. Size; 368 x 229 x 190mm. 8 ohms. 8 watts RMS, 16 watts peak. Complete with Din lead. 

OUR PRICE £12.96PAIRP&psop 
FM TUNER CHASSIS 
6 transistor high quality tuner. Size only 153 x 101 x 63mm 3 IF stages. Double tuned discriminator. Ample output to feed most amplifiers. Operates on 9V battery. Covers 88- lOBMHz. Ready built, ready for use. Fantastic value for money. 
OUR PRICE £8.95 p&P20p 
Stereo Multiplex Adaptor £5.95 extra 

SPECIAL OFFER! SAVE OVER 50% 

AMSTRAD 8000/2 Stereo amplifier 
7 watts per channel rms. Inputs 
for tuner tape, phono. Headphone 
socket. List price £29.95. 
OUR PRICE £12.95 P & P 60p 

SPECIAL OFFER! CONVERT YOUR 
STEREO SYSTEM 
TO 40 SOUND ,-n    FfiR liMnm fib BBH BS 

OOG 
Exclusive offer of GOODWIN A- 
CHANNEL CONVERTER and a pair 
of A01S 10 watt 8 ohm bookshelf 
speakers enables you to add 4D 
sound to your existing system. 
Complete with simple connection 
details. Normal retail value £25.50. 
OUR PRICE £15.80 P&P£l. 
GOODWIN CONVERTER available 
separately £3.95 P&P 50p 
Model A1018 
FM TUNER 
6 transistor high 'quality unit— 3 IF stages and V double tuned discriminator. For use with most amplifiers. Covers 
88-108MHz. Powered by 9V battery. 
OUR PRICE £13.50 P&P30p 
Stereo multiplex adapter £5.95 extra. 

ft  

ELECTRONIC CALCUUTORS 

Wc carrV a tremendous rangeof 
both pocket and desk calcula- 
tors from as little as £9. 
Owing to the demand it is not 
possible to include them in this 
advertisement, so send for our latest price list or call into any 
branch. 

SINCLAIR SYSTEM 2000 
STEREO AMPLIFIER 
AND TUNER 

0000 
2000 AMPLIFIER Amplifier output 8 watts per 
channel RMS. Distortion less than 
0 06%. Silicon transistors. Two 
pick-up plus radio and tape inputs, tape output and scratch filter. 
Excellent Value, List £39.95 
OUR PRICE £27.50 P&P 60p. 

2000 FM TUNER 
Excellent selectivity and sensi- 
tivity. Twin dual-varicap tuning. 4 pole ceramic filter. 19 transistor 
stereo demodulator giving 40 dB separation. Distortion0 2?4output. 
Fantastic Value. List £39.95 
OUR PRICE £27,50 p&peop. 
SINCLAIR ICI2 
INTEGRATED 
CIRCUIT 
AMPLIFIER 
complete with 
printed circuit 
mounting board. 
OUR PRICE £1 50 P & PIBp. 
SINCLAIR Project 80 Modules Z40 Power Amp. £5.95 P*P]5p 260 Power Amp. £7.45 P*P15p Stereo 80 Pre-Amp. £13.95 P»P15p Active Filter Unit £7.45 P*P15p FM Tuner £13.95 P & P 15p Stereo Decoder £8.95 P & P I5p PZ5 Power Supply £6.95 P 4 P 30p P26 Power Supply £8.95 P & P 30p P28 Power Supply £3.45 P S P 30p 
Transformer for PZa £4.05 P 4 P 50p IC 20Stereo Amp. kit £7.96 P 4 P lap PZ20 Power Supplykit £5.45 P 1> P.30p 

SINCLAIR Project 80 Packages 
2x240/Stereo80/PZB £28 60 , - . , 2xZ40'Stereo80/PZ6 £31.30 2x260;Stereo80/PZ8 £33.55 ' 

TE1021 Stereo Listening Station 
For balancing  -— and gain sal action of loudnieakers with additional 
headphone switching. Two gain controls, speakers on-off slide switch, stereo headphone socket- 
0UR PRICE £2.25 P&P isp 
AUDIOTRONIC 
LOW NOISE CASSETTES TYPE 5 10 25 C60 £1.57 £3.00 £7.08 C90 £2.24 £4.25 £10.00 C1Z0 £2.73 £5.17 £12.24 
AUDIOTRONIC 
8 TRACK CARTRIDGES TYPE Each 5 10 40M 85p £4.00 £7.50 80M £1.15 £5.40 £10.25 
P&P Cassettes 3p, Cartridges So each OVER 10 of either POST FREE! 
MP7 MIXER-PREAMPLIFIER 
5 Microphone inputs each with individual gain I controls enabling nM"'----'^in- complete mixing facilities. Battery oparatad. Size: 235 x 127 x 76mm. Inputs: Mies. 3 * 3mV 50k; 2 x 3mV 600 ohms. Phono. Meg, 4mV 50k; Phono Ceramic IQOmV 1 Mag. Output 2S0mV 100k. 
OUR PRICE £8.97 PSPZOP 
AUDIOTRONIC AHA101 
Stereo Headphone Amplifier All silicon. Transistor amplifier oper- ates from mag- netic. ceramic or tuner inputs with twin stereo headphone outputs and separate volume controls for each channel. Operates from 9V battery. INPUTS: 5mV and lOOmV. OUTPUT: 50mV per channel. 
OUR PRICE EB.50 p&peop 

, o - © 

JOSTY 

HIGH DUALITY 
CONSTRUCTION 
KITS 
WE ARE 
APPOINTED 
STOCKISTS AT 
ALL BRANCHES 

All kits are complete with comp 
hensive easy to follow instructions a 
covered by full guarantee. 
Post and Packing 15p per kit. 
AF20 Mono amplifier  £5 61 AF25 Mixer  £3.29 'AFSO Mono pre amplifier  £3.20 
AF35 Emitter amplifier  £2 42 AF80 0.5W mic. amplifier  £4 86 AF305 Intercom  £7 67 AF310 2 Mono Amplifier £7 55 
M160 Multi vibrator  £2 18 M1302 Transistor tester  £8 33 M191 VU Meter   £5 37 
M192 Stereo balance moter.... £5 93 LF380 Quadraphonic device., £ 8 42 ATS Automatic light control.. £3 75 
AT36 Photo coll switch unit... £ 6 58 AT50 400W triac light dimmer/speed control  £5 18 AT56 2,200vw triac light dimmer/speed control  £ 6 7b AT60 I channel light control.. £ 10 82 AT65 3 channel light control.. £ 16 52 
GU330 Tremolo unit  £8 10 HF61 Diode detector  £3 87 
HF65 FM transmitter  £3 21 HF75 FM receiver  £3 66 HF310 FM tuner  £16 32 HF325 Deluxe FM tuner  £26 33 HF330 Decoder IHF310/3251 £10 55 
GP310 stereo pre amplifier for use with 2 x AF310 £22 98 GP312 Circuit board £10.02 GP304 Circuit board - £5 33 HF380 Iw.'vhf aerial amplifier £6 02 HF395 broadband aerial amp. £2 10 
NT10 Stabilised power supply 100mA, 9V  £6.27 NT300 Stabilised p. supply. .. £13.16 
NT310 Power Supply 240 V AC 
or 2 ■ 18 V D.C. at 2 amps £5 64 
NT305 Voltage converter  £-5 64 
NT315 Power supply 240V AC to4,5/15V DC, 500mA  £12 06 
Amateur Electronics by Josty-Kit. the professional book for the amateur - covers the subject from basic prin- cipals to advanced electronic techniq- ues. Complete with circuit board for AE1 to AE1Q listed below. 
OUR PRICE £3.30 INOVAT) 
P&P 25p plus VAT. 
AE1 100mW output stage  £t.5S AE2 Pre-amplifier  £1.32 
AE3 Diode receiver   £ 2;05 AE4 Flasher  £1.26 AE5 Astable multi-vibrator  £1.14 
AE6 Monostable multi-vibrator £i.n AE7 RC generator  £1.08 AE8 Bass filter  £1.05 AE9 Treble filter  £105 AE10 CCIR filter  £' 05 

Also see previous page 

ALL PRICES 
EXCLUDE VAT 



Wireless World, December 1974 a79 

[SEV{l PANEL METERS SEW PANEL METERS ARE STOCKED AT OUR 
3 LISLE ST .• 311 EOGWARE RO .. & 152 FLEET 
ST .• SRAI\JCHES or order by post. 

USED EXTENSIVELY BY INDUSTRY, GOVERNMENT DEPARTMENTS, EDUCATIONAL AUTHORITIES ETC. 

50uA ••••.. 
100UA 
600uA •• .. 
50-G-50uA •• 
10G-G-100UA • ." 

" 1mA •• 
1ADC 
5ADC 
20V DC •••• 
50V DC ••.. 
300V DC •• •• 

£4.60 
£4.&0 
£4.30 
C4.&0 
£4.46 
£4.30 
£4.30 
£4.30 
£4.30 
£4 .30 
£4 .30 

EDGWISE MODEL PE7C. 
Size: 90 x 34mm 

50uA •••••• 
100UA 
200uA 
500UA •••• 
6G-0-50uA -
10G-G-100uA .• 
1mA ..... .. 
300VAC .. •. 
VU Mett<- •• 

£4.1 6 
£4 .1 0 
£4.0& 
£3.90 
£4.10 
£4.0& 
£3.85 
£3.96 
£4..30 

A ranve of high quolity 

~d::i'1o~o~:::.~ 
ments and other blnc:h 
applicationL :r~ mirror 
1!1;8le. The.,.......,. mew• 
ment is easily .:cns.ible 
to. demonstraU: inttrnat 
w«king. 
SOuA •••• 
100UA •••• 
50-0·SOuA 
1mA .• •• 

u-~~~ --
5ADC 
5VDC 
10VDC 
15V DC 

£8.60 
£].90 
£7!10 
£7.00 
£7.00 
£7.80 
£7.80 
£7.60 
£7.80 
£7.60 

CLEAR PLI.'$TIC MODEL MR SSP 
Size: 121h 110mm 

~A·· ~:::g 
200UA £11.35 
SOOuA •. •• £6.28 
50-G-50uA .• C6AO 
10G-0.1 OOuA •• £6.35 
50G-G-500UA •. £6 .20 
1mA •. £6.20 
1.0.1mA £6.20 
5mA •. £6.20 
1DmA •• £6 .20 
SOmA .. £11.20 
100mA £11.20 
500mA £6.20 
1A DC £5.20 
SA DC £5 .20 
15A DC £6.20 
30A DC £5 .40 
10V DC £6.20 
20V DC £5.20 
50V DC •• .. £5.20 
J50V DC •• £6.20 

240" Wide n e 
1mAMETERS 
MW1-660x60 mm 
£6.50 p & p 15p 
MW1·8 80 >t80mm 
U ·SO P&P 15p 

300V DC ..•. 
15VAC •• •• 
300V AC •••• 
SM.1t< 1mA .• 
VU Mo1or .• 
1AAC 
5AAC 
10AAC 
20AAC 
30AAC 

m w 
YAMABISHI VARIABLE 
VOLTAGE TRANSFORMERS 
~~~~50}6'1i'J!~'&.~.o~Woif.P"" 
MODEl. 5260 BENCH MOUNTING 

P&P , 
1A £10.60 60p 

2 .5A £12.00 60p (~~~ .. '1\ 
g~ g~:gg £1.88 
w~ ffi:~ ~l~!!!!-
20A £85.00 £1 .611 
ro~ [~:gg ~~ ~~g 

MODEl. S260B PANEl. MOUNTING 
2.5A £12.00 50p 

ALL PRICES 
EXCWDEVAT 

CENTRAL LONDON 
481 OXfORD ST. 
3USL£ST.WO 
34 LISL£ ST. WO 
118 EOGWAAE RD. Wl 
193 EOGWAAE RD. W2 
107 EDGWAAE RD. W1 
311 EDGW.lRE ltD. W2 
344 EOGWARE RD. W2 
381 EDGWAAE RD. W2 
109 FL£ET ST. EC4 
I 52/3 FL£ET ST. EC4 
10 TOTTENNAM CT. RD. 
17 TOTTENHAH CT. RD. 
l3 TOTTEN HAM CT. liD. 
41/ 45 TOTTENHAH CT. RD. 
157/8 TOTTENHAM CT. RD. 

ESSEX 

01-493 8641 
01-43'71104 
01-437 t iSS 
01-7139719 
01-7136111 
01-7133171 
01-U20387 
01-7134453 
01-7134194 
01-353 5812 
o1-1n un 
01-+371232 
01-+363715 
01-4361605 
01-+360845 
01..$800670 

86 SOUTH ST.IIOMFORD 10111 
20Sil06 CHUROIIU WEST, 0702 611141 
VICTOIIIA.CIRCUS, SOUTHEHD 

KENT 
SlfS7 CAMDEN RO,, TUHIItiDGl WEW 

0192-13241 

LEICESTERSHIRE 
• 45 "MAIIK£T PlACE, L£1CESTEI 

osp..S3767f 

NORTHAMPTONSHIRE 

STAFFORDSHIRE 
.lOWUUIUNIWAT, WOI.YSUIAMPTOH 

N-Open 

SURREY 
1046 WHITGIFT camtE. atOTOOII 

17 EDEll ST. KINGSTON 
38/40 EDEN ST ~ KINGSTON 
ll Hll_L ST. RICHMOND 

Ol.all017 
01-546 7145 
01-5461171 
01-9481441 

WARWICKSHIRE 
116 CORPORATION ST., BIRMINGHAM 

011·~3503 

•\ll rlll::."t~H!\ l~~~~ ,._ "" 
~I" ~ !'-f1 1\i 11 ,• 1 

Wes• l •<~ S• '"''-' (_ .. '" 
for PeiSOtldf c •• rlf-.,., 

87 .. ott.•nh.~n ,' ,,. •{ '.\ 

~ BARCLAYCARO 
~ & ACCESS 
'" A----.. Phone your ord{.•r 
~~~ to 01 -200 0037 or 
~ callmto any branch 

OUR CUSTOMER 
SERVICES DIVISION ,tt ht:,tii olftr.e 

\(~til aO$\".f.!r .tl' \-OI1f t!IHfi!UieS-

iUS! 11119 01-200 1J21 

...... -....... ·~---------------------TO LASKYS CUSTOMER SERVICES DIVISION 1 
Audiotronic House. The Hyde. London NW9 SJJ. Tei:Ot-200 1321 I 

IL--K Please send me the following items I 
I 
I 

16HI~aFgl e ~~.". I 
(1nc. P&P tn.G VAT) 

I enclose cheque postal o•d•• . monevo•dtt PL~k~E I NO DEPOSIT TERMS 
TOTAL PURCHASE PRICE 

I wish tO poy by B••cl•yc•td/Access ~~ available on most goods 
We offer a Speedy • nd my number is I for personal callers 
and efficient 
service by mail NAME... I ~~~~~Dr~R~~~~~.O:LC:.:oPPUS 
order. Remember WITH IAWCUS CARD. IN OTHER CASES 

ADo RESS. I AWD Fou•ouwrs IN EXCESS DF nt. 

:~ ::,~1 ~~u~~J 1 ~~lE
1

A!~~:~~::X~~u•.mE. 
goods including ..... ····- I All prices correct at U/I0/74 but 

post and packing. Signature -··-· - ······- ········-~···········M· ... M .. - subject to chenae without notice E.&O.E, 

L Registered in England No. 34 7941 at12 Lowt' Grosvenor PI act. Lonaon Sw1 OE·~··-··· ··-·····W· W12 I A m•mb., 01 '~"~• 
- _..., __ ----------------____ _... Audumoltk GtoupofComp.nlts 
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[SEW] PANEL METERS 
SEW PANEL METERS ARE STOCKED AT OUR 
3 LISLE ST., 311 EDGWARE RD,. & 152 FLEET 
ST.. BRAMCHES or order by post. 

USED EXTENSIVELY BY INDUSTRY, GOVERNMENT DEPARTMENTS, EDUCATIONAL AUTHORITIES ETC. 
Over 200 ranges in stock-other ranges to order. Quantity discounts available. Send for fully illustrated brochure.   

ibout 

Hifr 

CLEAR PLASTIO MODEL SD640 Size: 85 x 64mm 
50uA  IOOUA .. .. 200u A .. 500uA .. .. 50-0-50uA .. 100-0-100uA.. 1mA   5mA  10mA  50mA  100mA .. .. 500mA .. 1A DC %e .. 5A DC .. .. 10ADC .. .. 5V DC .. 

f 3-80 £3-75 
£3.70 £3.66 
£3.76 £3.70 £3 66 £3.66 £3.65 £3,66 £3.66 10V DC £3 66 20V DC £3.65 £3-65 £3.66 50V DC 
£3-66 £3.65 300V DC £3.66 15V AC £3 75 £3.65 £3.76 300V AC £3.65 VU Meter £3.90 

CLEAR PLASTIC MODEL SW100 Size: 100 x BOmm 
50uA .. - .. £4.60 IOOuA .. .. £4.50 BOOuA .. .. £4.30 50-0-50uA £4.60 lOO-O-IOOuA.. £4.45 1mA   £4.30 1A DC .. .. £4.30 5ADC _ £4.30 20VDC .. „ £4.30 50V DC .. .. £4.30 300V DC .. .. £4.30 

£4.45 160V AC 
300V AC £4.45 
VU Meter £4.90 

EDGWISE MODEL PE7D 
Size: 90 x 34mm 
50uA  IOOuA .. .. 200uA .. .. SOOuA .. .. 5O-0-50uA „ lOO-O-IOOuA.. 1mA   300V AC.. .. VU Motor.. .. 

£4.15 £4.10 £4.05 £3.90 £4.10 £4.05 £3.85 £3.95 £4.30 
MODEL ED107 EDUCATIONAL METER Size: 100 x 90 x 150mm Includino terminals 
A range of high quality moving coil instruments ideal for school experi- ments and other bench epplicationa. 3" mirror scale. The meter move- ment it eatily accessible to. demonstrate internal working. 
50uA . IOOuA SO-Q-SOuA 1mA 
1-0-1mA .. 1A DC .. 5A DC .. 5V DC .. 10V DC .. 15V DC .. 

£8.50 £7.90 £7.90 
£7.60 
£7.60 £7.60 £7.60 £7.60 £7.60 £7.60 

20V DC .. „ 50V DC .. 300V DC .. .. 500mA/5A DC 5V/50V DC .. 5V/15V DC 1/6A DC .. .. 1A/15A DC .. 

£7.60 £7.60 £7.60 £6.60 £8.60 £8.60 £8.60 
£8.60 

CLEAR PLASTIC MODEL MR 85P Size: 120 x 11 Omm 50uA IOOuA .. .. 200uA .. .. SOOuA .. .. SO-O-SOuA .. 100-0-IOOuA.. 500-0-500uA 1mA   1-0-1mA .. .. 5mA   10mA  50mA  100mA .. .. 500mA .. .. 1A DC 5A DC .. .. 15A DC .. .. 30ADC .. .. 10V DC .. „ 20V DC .. .. 50V DC .. .. 150V DC .. 

£6.45 £5.40 £5.35 £5.26 £5.40 £5.35 £6.20 £5.20 £5.20 £6.20 £5.20 £6-20 £6.20 £5.20 £5.20 £5.20 £5.20 £5.40 £5.20 £5.20 £6.20 £5.20 
240° Wide Angle 
1mA METERS 
MWl -6 60 x 60 mm 
£6.50 P & P15p 
MWl-8 SOxSOmm 
t6 90 PB.P 15p 

300V DC .. £5.20 15V AC .. £5.30 300V AC .. £6.30 S Meter 1mA £5.20 VU Meter .. £5.55 1A AC • £5.20 5A AC • £6.20 10A AC .. • £5.20 20A AC . • £5.20 30A AC .. • £5.20 

"Items with asterisk are Moving Iron 
type, all others are Moving Coil 

CLEAR PLASTIC MODEL SD830 Size: 110 x 83mm 
50uA  £4.30 IOOuA .. .. £4.25 200uA .. £4.20 SOOuA .. .. £4.16 &0-0-50uA £4.25 lOO-O-IOOuA.. £4.20 1mA   £4.10 5mA 10mA.. .. £4.10 £4.10 50mA   £4.10 100mA 500mA 1A DC 5A DC 10A DC 5V DC 

£4.10 £4.10 £4.10 £4.10 £4.10 £4.10 

10V DC „ 20V DC .. 50V DC .. 300V DC .. 15V AC .. 300V AC .. VU Meter.. 

£4 10 £4.10 £4.10 £4.10 £4.20 £4.20 £4.40 
CLEAR PLASTIC MODEL MR 45P Size: 50 x 50mm 
50uA .. .. ~ £3.20   IOOuA .. .. £3.16 200uA .. £3.10 500uA .. .. £3.00 50-0-50uA _ £3.15 100-0-100uA.. £3.10 SOO-O-SOOuA.. £2 .96 IrnA   £2.96 5mA .. - .. £2.95 10mA  £2.95 50mA.. .. £2.96 100mA .. .. £2.95 500mA .. .. £2.96 1A DC .. .. £2.95 5ADC .. .. £2.95 10V DC .. £2.95 20V DC .. £2.98 50V DC .. £2.95 300V DC .. .. £2.96 15V AC .. .. £3.05 

300V AC .. .. £3.05 S Meter 1mA.. £2.95 VU Meter.. £3.40 1A AC .. .. * £2.95 SA AC .. • £2.95 10A AC .. .. # £2.95 20A AC .. .. • £2.95 30A AC .. .. * £2.96 
CLEAR PLASTIC MODEL MR38P Sire: 42 x 42mm 
50uA  IOOuA .. .. 200uA .. .. SOOuA .. .. 50-0-SOuA .. 100-0-100uA.. 500-0-500u A .. 1mA   1-0-1mA .. .. 2mA   5mA   10mA  20mA .. 

£3.10 £3.06 £3.00 £2.85 £3.05 £3.00 £2.80 £2.80 £2.80 £2.80 £2.80 £2.80 £2.80 BOmA .. .. .. £2.60 20V DC .. £2.80 100mA .. £2.80 50V DC .. .. £2.80 150mA £2.90 100V DC .. .. £2.80 200mA £2.80 150V DC .. .. £2.80 300mA £2.80 300V DC .. .. £2.85 500mA (. „ £2.80 500V DC .. .. £2.85 750mA .. £.280 7S0V DC .. .. £2.90 1A DC .. £2.80 T5V AC .. .. £2.90 2A DC £2.80 50V AC .. £2.90 5A DC .. £2.80 150V AC .. .. £2.90 10A DC .. .. £2.80 300V AC .. £2.90 3V DC £2.80 500V AC .. .. £3.00 tOV DC .. .. £2.80 S Meter 1mA.. £2.80 
15V DC .. .. £2.80 VU Meter.. .. £3.20 

CLEAR PLASTIC MODEL SD460 Size: 59 x 48mm 
50uA  £3.50 IOOuA „ .. £3.45 200uA .. .. £3 AO SOOuA .. .. £3.35 50-0-50uA £3.46 100-0-100uA.. £3.40 1mA  £3.30 5mA   £3.30 10mA.. „• .. £3.30 50mA  £3.30 100mA .. .. £3.30 500mA .. .. £3.30 1A DC - £3.30 5A DC „ .. £3.30 10A DC .. .. ,£3.30 5V DC .. .. £3.30 

10V DC £3.30 £3.30 20V DC 50V DC £3,30 300V DC £3.30 15V AC £3.45 300V AC £3.45 VU Meter., £3.65 
POSTAGE S PACKING 15p 

YAMABISHI VARIABLE 
VOLTAGE TRANSFORMERS Excellent quality at low cost. Input: 230V 50/60Hz, Output 0-260V. 
MODEL S260 BENCH MOUNTING P&P . 

1A £10.60 50p 2.5A £12.00 60p "' £17.50 SOp £30.35 £1.00 £33.75 £f 00 £35.40 El.— 

CLEAR PLASTIC MODEL MR65P Size: 06 * 78mm 
50uA  IOOuA .. .. 200uA .. .. SOOuA .. .. 50-0-50OA „ lOO-O-IOOuA.. SOO-O-SOOuA.. 1mA .. .. - 1-0-1mA .. .. 5mA   
10mA  50mA  100mA « 500mA _ „ 1A DC .. .. 5A DC .. .. 10A DC .. 15A DC .. .. 20A DC .. „ 
30ADC .. BOA DC .. .. 5V DC .. 10V DC - IBV DC .. 20V DC .. .. 50V DC .. .. 150V DC .. .. 

£395 £3.86 £3.BO 
£3.75 £3.65 £3 80 £3.70 £3 70 £3.70 £3.70 £370 £3.70 £3.60 £3.70 15V AC 50V AG £3.80 £3.70 150V AC .. £3,80 £3-70 300V AC .. £3.90 £3.70 500V AC .. £3,80 £3-70 S Meter 1mA £4.10 £3.70 VU Meter.. £3 70 £3.70 1A AC £3.70 £3,60 5A AC £3.70 £3.85 IQA AC £3.70 £4,05 £3.70 £3.70 20A AC 30A AC £3-70 £3.70 £3.70 £3,70 50mA AC 100mA AC £3,70 £3,70 £3.70 £3.70 ZOOm A AC 

500mA AC £3,70 £3.70 

CALL INTO YOUR NEAREST LASKY.S 
BRANCH OR SEND COUPON BELOW 
FOR NEW 16 PAGE HI-FITRICE LIST 

CENTRAL LONDON 
481 OXFORD ST. 
3 LISLE ST. WC2 
34 LISLE ST. WC2 
118 EDGWARE RD. W2 
193 EDGWARE RD. W2 
207 EDGWARE RD. W2 
311 EDGWARE RD. W2 
346 EDGWARE RD. W2 
382 EDGWARE RD. W2 
109 FLEET ST. EC4 
152/3 FLEET ST. EC4 
10 TOTTENHAM CT. RD. 
27 TOTTENHAM CT. RD. 
33 TOTTENHAM CT. RD. 
42/45 TOTTENHAM CT- RD. 
257/8 TOTTENHAM CT. RD. 

ESSEX 
86 SOUTH ST. ROM FORD 

01-493 8641 
01-437 8204 
01-437 4155 
01-723 9789 
01-723 6211 
01-723 3271 
01-262 0387 
01-723 4453 
01-713 4194 
01-353 5812 
01-353 2833 
01-637 2232 
01-636 3715 
01-636 2405 
01-636 0645 
01-5800670 

BAKELITE MODEL SBO Enlarged Window Size: 80 x 80mm 
SOuA .. „ .. IOOuA .. BOOuA .. .. 50-0-BOu A 100 0 IOOuA.. 1mA   1A DC .. .. 5A DC .. .. 20V DC .. .. 50VDC .. .. GOOV DC .. .. 300V AC .. .. VU Meter .. 

£4.50 £4.45 £4.20 £4.45 £4.40 £4.20 £4.20 £4.20 £4.20 £4.20 £4.20 £4.30 £4.70 
CLEAR PLASTIC MODEL MR52P Size: 60 x 60mm 
50uA .. « .. £3.70   IOOuA - .. £3.60 SOOuA .. .. £335 50-0-50uA £3.50 lOO-O-IOOuA.. £3.45 1mA .. .. .. £3.30 SmA   £3.30 10mA.. .. .. £3.30 50mA.. .. .. £3.30 100m A - .. £3.30 500mA - .. £3.30 1A DC - £3.30 5A DC .. .. £3.30 10V DC „ £3.30 20V DC .. .. £3.30 50V DC .. .. £3.30 300V DC .. .. £3.30 18V AC .. .. £3.40 300V AC 

S Meter 1mA.. £3.30 VU Meter.. .. £3.80 1A AC .. .. * £3.30 5A AC .. .. -rs so 10A AC .. .. " £3.30   20AAC ., .. *£3.30 £3.40 30A AC .. .. # £3.30 
BAKELITE MODEL MR 65 Sire:80x80mm 
25uA  50uA  IOOuA .. .. SOOuA .. .. 50-0-50u A .. IOO-O-IOOUA .. 500-0-500u A.. 1mA   1-0-1 mA .. .. 5mA  tOmA  50mA  100mA .. 600mA „ .. 1A DC .. .. 2A DC .. .. 5A DC .. .. 10A DC .. .. 15A DC .. .. 30A DC .. .. BOA DC .. .. 5V DC .. .. 10V DC ., . 15V DC ,. ,. 20V DC .. .. 50V DC .. 150V DC .. .. 

£5,2& £4,00 £39S 
£3.55 £3.95 £3,90 £3.60 
£3 50 £3.60 
£3.50 £3.60 3U0V DC .. £3.50 £3,50 30V AC £3.60 £3.60 50V AC • £3.50 £3,50 £3.60 150V AC .. " £3 60 300V AC .. ' £3,50 £3.50 500V AC .. £3.60 * £3.60 VU Meter,. £3,60 £4.10 1A AC • £3.60 £3.60 5A AC ' £3 50 £350 10AAC .. • £3.60 £3.80 20A AC .. • £3.50 £3.60 30A AC • £3.60 £3.60 £3.60 BOA AC .. ' £3.60 500mA AC £3.50 £3-50 50mV DC £3.60 £3-76 lOOmV DC £3,60 £3,75 

20218 
105/206 CHURCHILL WEST. 0702 612241 VICTORIA CIRCUS, SOUTHEND 

KENT 
53/57 CAMDEN RO., TUNMIDGE W1US 0092-13242 

LEICESTERSHIRE 
45 MARKET PLACE, LEICESTER 

0533-537670 
NORTHAMPTONSHIRE 
73 A8INGT0N STREET, 
NORTHAMPTON (Opening November) 

STAFFORDSHIRE 
30 WULFRl") WAY, WOLVERHAMPTON 

Now Open 
SURREY 

1046 WHITGIFT CENTRE, CROYDON 
01-601 3027 

27 EDEN ST. KINGSTON 01-546 7045 
38/40 EDEN ST., KINGSTON 01-546 1271 
32 HILL ST. RICHMOND 01-940 1441 

WARWICKSHIRE 
116 CORPORATION ST.. BIRMINGHAM 

021-236 3503 

West E'ul Service Ceein' 'or Personal Calle'S 
87 Tottenham Court P.. W 

BARCLAVCARD 
fmarij: & ACCESS 

1 Phone your order 
to 01-200 0037 or ca" i"10 any branch 

TO LASKYS CUSTOMER SERVICES DIVISION 
Audiotronic House, t he Hyde, London NW9 6JJ. Tel: 01 -200 1321 
Please send me the following items   

o 

■III 

6A 8A 10A 12A     20A £85.00 flJ. 25A £95.00 £1.50 40A £120.00 £1.50 
MODEL S260B PANEL MOUNTING 
2.5 A £12.00 SOp 

ALL PRICES 
EXCLUDE VAT 

FOR 
MAIL 

ORDER 
We offer a speedy 
and efficient 
service by mail 
order. Remember 
to add 6% VAT 
to total value of 
goods including 
post and packing. 

TOTAL PURCHASE PRICE 
I enclose cheque postal orde 

(inc. P&P ana VAT) 
16 Page 

HI-FI 
PRICE 
LIST 

1 wish to pay by Bafclaycatd/Acci and my number is 

I 
| post and packing. Signature 

Reqistered in England No. 34794 7 a? 12 Lowe; Grosvenor Place. London SWi OEX WW12 

OUR CUSTOMER 
SERVICES DIVISIOW,11 he,ul nllice 

will answer all your fiinjinr les- 
lusi "iig 01-200 1321 

EXPORT p. ..o'M'. 'i.o.t. arr.inqtd lor vimIo' 
Goods s|H"Ci.tMy 
insuM.'d ,m<| di'<.|>.itr hi 'i to .11 
parts o' Ih», v.Ofld ,11 inin.iiiu 
cost *clnsiv•' ol VAT 
Paymvhl hy hank Han-Ji f 
Certified chr rjui' posC.il ordt- or money or«lf» m any 
currency. 

NO .DEPOSIT TERMS 
available on most goods 
for personal callers 
CHEQUES TO THE VALUE OF £39, ACCEPTED FROM PERSONAL SHOPPERS WITH BANKERS CARO. IN OTHER CASES AND FOR AMOUNTS IN EXCESS OF £36. PLEASE ALLOW TIME FOR CLEARANCE. HANKERS DRAFTS ACCEPTED. 
All prices correct at II/IO/74 but subject to change without notice E.&O.E. 
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AMPLIRER KITS OF ~~uon 
DESIGNER-APPROVED KIT 

In Hi-Fi News there was published by Mr Unsley·Hood a 
series of four articles (November 1972-February 1 973) 
and a subsequent follow-up article (April 1 974) on a 
design for an amplifier of exceptional performance which 
has as its principal feature an ability to supply from a 
direct coupled fully protected output stage. power in 
excess of 75 watts whilst maintaining distortion at less 
than 0.01% even at very low power levels. The power 
amplifier is complemented by a pre-amplifier based on a 
discrete. component operational amplifier referred to as the 
Uniac which is employed in the two most critical points 
of the system. namely the equalization stage and tone 
control stage. positions where most conventional designs 
run out of gain at the extremes of the frequency spectrum. 
Unusual features of the design are the variable transition 
frequencies of the tone controls and the variable slOpe 
of the scratch filter. There is a choice of four inputs. two 
equalized and two linear. each having independently 
adjustable signal level. The attractive slimline unit pictured 
has been made practical by highly compact PCBs and a 
specially designed Toroidal transformer. 

Hi-Fi News Linsley-Hood 75 W Amplifier 
M k II I Version (modifications as per Hi-Fi News April 1 97 4) 

Full circuit description 

in handbook 

(pack 15-price 30p) 

FREE TEAK CASE WITH FULL KITS 

Pack Price 
KIT PRICE only .£62.40 post free (U.K.) 

1 

2 

3 

4 
6 

8 

9 

10 

Fitx-eglass printed-circuit board 
for power amp. £0.85 

Set of reslstors, capacitors, pre-sets 
for pow'er amp. £1.70 

Set of $8miconductorS fot powor 
amp. (now using_ 80Y56. 
80529. 80530) £6.50 

Pair of 2 d:rillad, finned heat sinks £0.80 
Fibreglass printed-circuit board 

for pre-amp. £ 1.30 
Sot of low noise msistCW'S, capacitors, 

. pre-sets for pre-amp. £2.70 
S.t of low noise. high gain semicon-

ductOfs for pro-amp, £2.40 
Sat of potentiomeuHs (including 

mains swi,l:ch) £2.05 
Set of 4 push-button switches, 

rotary mo9e switch £3.70 
Toroidal transformer complete 

with magnotic screen/housing primary: 
0-117·234 V. secondaries: 
33·0·33 v. 25·0·25 v. t9.15 

II fibreglass printed-circuit board 

12 
for power supPly 

Set of resistOfS, cap-acitors, 
seooodary fuses. semicon· 

13 
ductors for power suppfy 

Sctofmiscellaneousp.G~rts 
including DIN skts. mains 
input skt. fuse ho«ktr. inter-
connecting cal>'e. control 
knobs 

14 Set of metafwork parts including 
silk scroon printed fasQa 
p ilnal and aU brackets. fixing 

15 
parts. etc. 

Handbook 
16 Teak cabinet 

2 each of packs 1- 7 inc::lusive 
are required f(X complete 
stereo system 

Tott~ l cost of individually 
purchased packs 

£0.65 

£3.50 

£4.25 

£6.30 
£0.30 
£7.35 

£69.75 

II SLO-SYN" 3-LEAD 

SYNCHRONOUS 
STEPPING MOTOR 

Type S$15. These- flne moto rs af& easily r-ev&r$ed, starting and stopping !n less than 5° wilhout electrlcal or 
mechanical braking. Simple relay c ircuit can be applied to give DC., to windmo for a maximum holding torqu&of 
300oz:J in with 35v at 0.35amps through winding. For AC. (synchronous) operation at 120v., 50Hz. $peed 60 rpm at 
60Hz •• 12 rpm. STEPPING. Holding torque at 60 steps per scc:ond-100 O:r/in. Can be wired to give 100 or 200 ateps 
p.er revolution with accuracy of 0·1° per step non .. cumurattve, Torque characteristics can be £

15 modified by simple R.C. circuits. Dimensions: dia. 4". body length 4!-•, s-pindle length 21-•x 
--~&" dia. Weight Gt Jbs. BRAND NEW in maker's packing. Offered at less than i maker'-6 price. 

OPEN FRAME 
shaded pole 
GEARED 
MOTORS 
(Outal gear ca•e) 
~ AC .. , 28tpm. NEW 
HIGH TORQUE, Bl>!>rox. 
overall size: 3t• x ~ .. x 
21-• +splndle t• dla. as Ulustrat&d. 
S1milar to above, 19rpm. £3, P. & 

~1~~Wa~~~ :::~~~-s~;! ~~a& ':::''':!:.'•"""'"' 
CARTER ELECTRIC 
Similar to 8bovo wlth alloy gear caso. 60 r.p.m. This 
Uem is ax-equ1pmont but perfoct. £t.95. P & P 30p. 

SMITHS RINGER-TIMER 
Reliable 15 mioute t imes, sprfna wo'tind 

~~~~~~~~r:.nt ~~ro~~~~,:r:'"f) 1:~~~ 
divlsions. Panel mounting with chrome 
bezel :w dio. £1-411. 15p. P. & P. 

FEW ONLY 
~J~o:~a:,w:.~~~rs:~~p8~~ ;~s~!~~i~~MA~ 
Hum and ripC)Je at fuiJ h>ad-fess th-an 3MV peak to 
peak. StabiUty improvement ratfo for 1&% mains 
change-11000 : 1. Output 1mpodanca 0·005 ohms. 
~· X &i• X 121-• . Weight 20llb. £2a.IMI. Carr. & Pkg 
£1.50. tn manufa~ture:f'• carton. 

"LABGEAR ELIMINAC" 
P .s·.u. 20G-250v, .aJSOH:z:. Alternative output• fully 
va·riable (variac incorpOrated). Output 1. 12'1 at Sa 
D.C. fully smoothed. Output 2. 12Y at Sa D.C., with 
ripple content. Output a. 20"t at 10a A.C. 2-1-• zu• flush 
0--20v D.C. mtc meter. In attractive grey hammer finish 
case. In maket's c-arton. £27.st. Cart~ &. Ptl:o. £1.50. 

SHADED POLE MAINS MOTOR 
A quality sh-aded pole motor. Open frame. 3" high x 
2t' X 2". Splndle1• X U.1,4 20<.p.m. £1.ts P& P20p. 

SOLENOIDS 
by WESTDDL 
240AC type MM6. 
Sib. pull, 2l.X1'X 
11•. Travel 1•. SOp 
each. P.&P. lOp. 

240AC tYI>C MM•. 21~. pull, 
tt•xtrx1•. Travel t• '101> 
each . P. & P. 10p. QuanU!y 
dlscounflS: 10-5010%.50 up­
wards 25% 

MAINS ~ SOLENOID 
This Httfe untt glvas 
vertkat lift of approlti· 
inatety 1• through · ~ ~ 
hinged "elbow". 

r~~c~~~n~E.o~~~~sa~ ~;fr:,s:,~7:Xt~~':l: 1~~.a~~ 
FREE P. & P. Special quotes for quantities. 

AMPEX 7.5v. DC 
MOTOR 
An ultta gteclalon tape motor 
deaigned for use in the AG20 
portable recorder. Torque 
4SOGM.ICM.Stallloada1500ma. 
Draws 60ma on ron. 600r'J)m ± 
sS)eed adlulStmant. Internal 
Af/RF suppres!iion. i'" dla. x t• 

~;~~:. ~!~' :,·6.~~·~~;; 
PRICE£3.38-P. & P.25p. large ­

quantilies available (special quot.ation,s). Mu-metaJ 
enc1osure available. '75p each. fR£E P. & P. 

V.A.T. Please add 8%* 
to all U.K. orders 
(*or at current rate if changed) 

for further information 

please write for FREE LIST 

POWERTRAN 
SEE FOLLOWING PAGE 

ULTRA PRECISION 
.; : -- CENTRIFUGAL BLOWER 
.If/ by Air Control Ltd. IIJ 30 .6egmcnts jndlviduaJiy balanCed In· ~ 
•, ~t:,"YA~~~t :!~~Y p~~:rtuf'='d ~ftC~i 

running. st• dla. 3" Inlet dla. Outlet flange 3" X 2t'. 

I 
Limited number only £8.95 p40&,: 

SILVANIA 
MAGNETIC SWITCH 
Now complete with reference magnet! 

A mag-netically activated a witch, vacuum sealed in a, glaa& 
envefop:e. Sliver c:ontacts. normally -Closed. Rated 3amp 

iJe~~~r 1~~;:r.:~r~.s~:~~j~~~0s~~~t;t~~":~ rh:::.: 
ever non-mechanical swltehlna Is required. 1tt for £2 ; P 
& P 15p. 50 forUM; 100 for .£11.511. FREE P.&P. over 10. 

• 

!t2h~,R.rman~. 
D~namlcallvbafanced malna 
unit {200/240) contlnuoua 
>&ted, reveralbJe 60MA on 
run, Size: 51" dla. x 21• 
deep. Back plate Ia tapped 
for 4 flxlng ocrawo {sup­

piled). Wall under maker's price at £S. P. & P. 20p, 
Similar unit to abova but 7t• dla. x 3* deep. £4·H. 
P. & P.~p. 

ALL PRICES INCLUDE V.A.T. 
Whilst we welcome official ord.ers from est•bliehed companies and 
Educational Dep.artm~mts.lt is no longer_prsctical to invoice ooods under 
£5. Therefore, p1eas-e remit cash with orde-rs below this amount. 

ELECTRO-TECH COMPONENTSLTD. 
315/317, EDGWARE ROAD, 

LONDON, W2. 
Tel: 01-723 5667 01-402 5580 

a80 Wireless World, December 1974 

AMPLIFIER KITS OF 

DESIGNER-APPROVED KIT 
In Hi-Fi News there was published by Mr Linsley-Hood a 
series of four articles (November 1972—February 1973) 
and a subsequent follow-up article (April 1974) on a 
design for an amplifier of exceptional performance which 
has as its principal feature an ability to supply from a 
direct coupled fully protected output stage, power in 
excess of 75 wans whilst maintaining distortion at less 
than 0.01% even at very low power levels. The power 
amplifier is complemented by a pre-amplifier based on a 
discrete component operational amplifier referred to as the 
Uniac which is employed in the two most critical points 
of the system, namely the equalization stage and tone 
control stage, positions where most conventional designs 
run out of gain at the extremes of the frequency spectrum. 
Unusual features of the design are the variable transition 
frequencies of the tone controls and the variable slope 
of the scratch filter. There is a choice of four inputs, two 
equalized and two linear, each having independently 
adjustable signal level. The attractive slimline unit pictured 
has been made practical by highly compact PCBs and a 
specially designed Toroidal transformer. 

Hi-Fi News Linsley-Hood 75 W Amplifier 
Mk III Version (modificationsasperHi-R News April 1974) 

Full circuit description 
in handbook 
(pack 15—price 3 Op) 

Pack Price 
1 Fibreglass printed-circuil board 11 lor power amp. £0.85 
I Set of resistors, capacitors, pre-sets 12 for power amp. £1,70 
•I Set of semicunductors lor power amp. (now using BDY56. 13 BD529. 80530) £6.50 4 Pair of 2 dnliod. tinned heal sinks E0.8O 
6 Fibreqlass printed-circuit board 

for pre-amp. £1.30 b Set of low noise resistors, capacitors. 14 pre-sels for pre-amp. £2.70 
/ Set of low noise, high gain semicon- ductors for pre-amp. £2.40 8 Set of potenliomelcrs (including 15 mains switch) £2.05 16 9 Set of 4 push-button switches. rotary mode switch £3.70 

10 Toroidal transformer complete with magnetic screen/housing primary: 
0-117-234 V. secondaries: 33-0-33 V. 25-0-25 V. £9.15 

Fibreglass printed-circuil board lor power Supply Set of resistors, capacitors. secondary fuses, semicon- 
ductors for power supply Set of miscellaneous parts including DIN skis, mains input skt. fuse holder, inter- 
connecting cable, control knobs Set of metalwork parts including 
silk screen printed fascia panel and all brackets, fixing 
parts, etc. Handbook Teak cabinet 2 each of packs 1-7 inclusive are required for complete 
stereo system Total cost of individually 
purchased packs 

TEAK CASE WITH FULL KITS 

KIT PRICE only £62.40 post free (U.K.) 

£0.65 

f3,50 

£6.30 £0.30 E7.35 

V.A.T. Please add 8%* 
to all U.K. orders 
I*or at current rate if changed) 

for further information 
please write for FREE LIST 

POWERTRAN 
SEE FOLLOWING PAGE 

"SLO-SYN" 3-LEAD 

SYNCHRONOUS 

STEPPING MOTOR 
Type SS15. These fine motors are easily reversed, starting and stopping in less than 5° wiihoul oleclrical or mechanical braking. Simple relay circuit can be applied to give DC., to winding for a maximum holding lorque of SOOoz/ in with 35v at 0.35amps through winding. For AC. (synchronous) operation at 120v.. 50Hz. Speed 60 rpm at 60Hz., 72 rpm. STEPPING. Holding torque at 60 steps per second—100 oz/in. Can be wired to give 100 or 200 steps par revolution with accuracy of 0*1° per step non-cumulative. Torque characteristics can be r modified by simple R.C. circuits. Dimensions; dia. 4", body length 4i', spindle length 2x'X TIT 
A* dia. Weight 61 lbs. BRAND NEW in maker's packing. Offered at less than J maker's price. a— ■ w 

m 

OPEN FRAME 
shaded pole 
GEARED 
MOTORS 
(Oural gear case) 240 AC.. 28rpm. NEW HIGH TORQUE, appro*, overall size: 3i' X 3i" X 2}*+3pindle i" dia. as illustrated. £3. P. & P. 30p. Similar to above, 19rpm. £3. P. A P. 30p. llOrpm with pressed steel gear case (similar to above but slightly smaller). £3. P. &, P. 30d. 
CARTER ELECTRIC 
Similar to above with alloy gear case. 60 r.p.m. This item is ex-equipment but perfect. £1.95. PAP 30p. 

SMITHS RINGER-TIMER 
Reliable 15 minute times, spring wound (concurrent with time seftlng) ISxImin divisions, approximately i' between divisions. Panel mounting with chrome bezel Sf dia. £1 40. 15p, P. & P. 

FEW ONLY 
Fully stabilised "Labgoar" Power Supply Unit. Input 90-240v. 50Hz. Outputs 6v, 6a D.C, and 6v-f2v, 100MA. Hum and ripple at full load—less than 3MV peak to peak. Stability Improvement ratio for 15% mains change—1/000 ; t. Output impedance 0 005 ohms. OT x OJ" * 121'. Weight 2011b. £26.00. Carr. A Pkg £1.50. In manufacturer's carton. 
"LABGEAR EUMINAC,V 

P.S.U. 200-250v. 40/60Hz. Alternative outputs fully variable (variac incorporated). Output 1. I2v at Sa D.C, fully smoothed. Output 2. 12v at 8a D.C., with ripple content. Output 3. 20v at 10a A.C. 25' x 25' flush 0-20v D.C. m/c meter. In attractive grey hammer finish case. In maker's carton. £27.59. Carr. A Pkg. £1.50. 

SHADED POLE MAINS MOTOR 
A quality shaded pole motor. Open frame. 3° high x 2i' X 2'. Spindle I* X 1.4 20r.o.m. £1.95 P AP20p. 
SOLENOIDS 
by WEST00L 
240AC type MM6. 3ib. pull. 2i'xrx 
1J-. Travel T*. 90p each. P.AP. lOp. 
240AC type MM4. 21b. pull, irxll'xr. Travel i" 70p each. P. A P. lOp. Quantity dlscounis; 10-50 10%. 50 up- wards 25% 
MAINS 
SOLENOID 
This little unit gives vertical lift of approxi- mately 1' through hinged "elbow". Bracket incorporates 2 fixing screws. Length of arm, 25'- 240V AC. Pui! at coil is approximately lib. £1. FREE P. A P. Special quotes for quantities. 

AMPEX 7.5v. DC 
MOTOR 
An ultra precision tape motor designed for use in the AG20 portable recorder. Torque 450GM/CM. Stall load at SOOma. Draws 6Cma on run. 600tpm ± speed adjustment. Internal AF/RF suppression. J* dia.xl' spindle, motor 3* dia.xlj". Original cost £16.50. OUR PRICE £3.30. P. A P. 25p. Large quantities available (special quotations). Mu-metal enclosure available. 75p each, FREE P. A P. 

rs 

ULTRA PRECISION 

CENTRIFUGAL RIOWER 
by Air Control Ltd. 
30 segments individually balanced In heavy cast alloy case. 2,300 r.p.m. 240v A.C, Very powerful and silent running. 5J" dia. 3" Inlet dia. Outlet flange 3" X 24". 

Limited number only £8.95 PAP 40p. 

SILVAN IA 
MAGNETIC SWITCH 
Now complete with reference magnet! A magnetically activated switch, vacuum sealed in a glass envelope. Silver contacts, normally closed. Rated Samp at 120v. IJamp at 240y. Size: (apptox.) l-iV iongx i' dia. Ideal for burglar alarms, security systems etc., and where- over non-mechanica! switching Is required. 10 for £2;P AP 150. 50 for £1.89; 100 for £18.59. FREE P.AP. over 10. 

NORPLEX 
The famous American flbre-glass copper-clad laminate. Finest quality with woven glass base of Epoxy-realn. Excellent Mech. and Elec. conductive properties. Heal resistant, Ideal for P.C.'s etc. THIS IS A SPECIAL PURCHASE AND ONLY AVAILABLE WHILE STOCKS LASTl Sizes; 12* X 12': 24' X 12"; 24' x 24"; FULL SHEET 43' XJT (11 sq. ft.). Slngie-sided Copper with thickness of 1/32^, 3.i64 , 3/32 . Also doubie-sided 1/32", 1/16'. 3/32". £1 per sq. ft Cut sizes (1-10 sq. ft.) 2Sp. P. A P. Full Shoat £8 each, Carr. £1 for 1st sheet plus 25a each additional sheet. 

FAN/ 
BLOWER 
PreciBlon-bulll In Germany. Dynamically balanced mains 
unit (200/240) contlnuoui lated, reversible 60MA on run. Size: Si" dia. X 21" deep. Back plate Is tapped for 4 fixing screws (sup- 

plied). Well under maker's price at £3. P. A P. 20p. Similar unit to above but 74" dia. X 3" deep. £4-50. P. 4 P. 2SD. 
ALL PRICES INCLUDE V.A.T. 

Whilst we welcome official orders from established companies and Educational Departments, It is no longerpractical to invoice goods under £5. Thereforo, please remit cash with orders below this amount. 

ELECTRO-TECH COMPONENTS LTD. 
315/317, EDGWARE ROAD, 

LONDON, W2. 
Tel: 01-723 5667 01-402 5580 
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FROM THE SPECIALISTS- POWERTRAN 
WIRELESS WORLD AMPLIFIER DESIGNS ELECTRONICS 
Component packs for a choice of three outstanding amplifiers are stocked together with packs 
for a regulated power supply suitable for use with a pair of any of them. Also stocked are 
packs for a very well-established pre-amplifier- the Bailey-Burrows design which features six 
inputs. a scratch and rumble filter and wide range tone controls which may be either rotary 
or slider operating. 

STUART TAPE RECORDER 

30WBAILEY 
Pk. 1 F/Giass PCB 

60V REGUlAT£0 POWER SUPPLY 
Pk. 1 F/Giass PCB 

A set of three printed-circuit boards has been prepared 
for the stereo integrated circuit version of this high­
performance Wireless World published design. 

Pk. 2 Resistors. capacitors. pots 
Pk. 3 Semiconductor set 
30WBLOM LEY 

1:0.80 
£1.75 
£4.70 

Pk. 2 Resistors. capacitors. pots 
Pk. 3 Semiconductor set 
BAI LEY-BURROWS PRE-AMP 
Pk. 1 F/Giass PCB 

£0.75 
£1.40 
£3.10 

TRRP Pk. 1 Reply amplifier F/ Giass PCB £0.90 
TRRC Pk. 1 Record ampJmeter drive cct. 

F/Giass PCB £1.40 
Pk. 1 F/Giass PCB £0.85 

£2.15 
£5.60 

C2.05 

£4.95 
£1.60 

TROS Pk. 1 Bias/erase/stabilizer cct. 
Pk. 2 Resistors, capacitors. pre-sets. 

transistors 
F/Giass PCB £1.00 Pk. 2 Resistors. capacitors. pots 

Pk. 3 Semiconductor set 
20W LINSLEY-HOOD 
Pk. 1 F/Giass PCB £0.85 

£2.40 
£3.35 

Pk. 3R Rotary potentiometer set 
Pk. 35 Slider potent iometer set 

(with knobs) 

For details of component packs for this design please write 
forfroo list. 

Pk. 2 Resistors. capacitors. pots 
Pk. 3 Semiconductor set 

20 WATTS/ CHANNEL 

£2.70 

TOROIDAL T20 + 20 
Developed from the famous Practical Wireless Texan 

Designed by Texas engineers and published in 
a series of articles in Practical W ueless. The 
TEXAN was a remarkable breakthrough in 
delivering true Hi-Fi performance at excep­
tionally low cost. Now further developed to 
include a true Toroidal transformer. this 
slimline integrated circuit design. based upon 
a single F/Giass PCB. features all the normal 
facilities found on quality amplifiers, including 
scratch and rumble filters. adaptable input 
selector and headphones socket. 

FREE TEAK CASE and HANDBOOK 
with full kits 

A CTIVE FILTER CROSSOVER 

An essential and critical component in a high-quality speaker system is the crossover unit convention­
ally comprising of a series of passive networks which unfortunately. though introducing reactive 
impedances between the amplifier and the speakers. result in the loss of the advantage of high 
amplifier damping factor and renders the speakers prone to overshoots and resonances. An elegant 
solution to this problem. described by D. C. Read in Wireless W orld. involves the use of a series 
of active f ilters splitting the output of the pre-amplifier into three channels. of closely defined band· 
width. each of which is fed to the appropriate speaker by its own power amplifier. A design for a 
suitable 2Q-watt amplifier. based on a proven Texas ci rcuit. was also described by Mr Read. The 
printed-circuit board for this has been designed such that three amplifiers may be stacked and 
mounted together on a common heat sink to achieve a conveniently compact module. 

ACTIVE FILTER READ/rEXAS 20wamp. POWER SUPPLY 
Pack 
1 Fibreglass PCB (accommo­

dates all filters for one 
channel) £1.05 

2 Set of pre-sots. solid 
tantalum capacitors. 2% 
metal oxide resistors. 2% 
polystyrene capacitors £4.20 

3 Set of semiconductors £2.65 
2 off each pack required for stereo 

-system 

Pack 
1 Fibreglass PCB 

FOR 20W/CHANNEL STEREO 
£0.70 SYSTEM 

2 Set of resistors. capaci· 
tors pre-sets (not includ-
ing 0/P coupling capa-
citors) £1.10 

3 Sets of semiconductors £2.40 
6 off each pack required for stereo 
system 
4 Special heat sink as-

Pack 
1 Fibregfass PCB 
2 Set of rectifJers, zene< 

diode. capacitors. fuses, 
fuse holders 

3 Toroidal transformer 

£0.50 

£2.60 
£4.95 

SUITABLE ALSO FOR FEEDING 
ANY OF OUR HIGH-POWER 
DESIGNS 

sembly for set of 3 
amplifiers 

5 Set of 3 0/P coupling 
capacitors 

£0.85 

£1.00 
ENQUIRIES WELCOME 

For quality sets a( speakers 

2N699 
2N1613 
2N1711 • 
2N2926G 
2N3053 
2N3055 
2N3442 
2N3704 
2N3707 
2N3711 
2N3819 
2N3904 
2N3906 
2N4058 
2N4062 

2 off packs 4. 5 required for 
stereo system 

S EMICONDUCTORS AS USED IN OUR RANGE OF QUAUTY AMPUFIERS 

(1).211 2N4302 (1).110 8C182L 01.10 MJ481 £1.20 nP2sc 
£0.20 2N50$7 £DA2 8C184l £0.11 MJ491 £1.30 nPJoc 
£0.25 2N5210 £0.54 8C212l £0.12 MJES21 £0.80 TIP31A 
1:0.10 2N5457 £0.45 8C2141. £0.14 MPS.AOS £11.30 TIP32A 
1:0.15 2N5459 1:0.45 8CY72 £0.13 MPSA12 £11.611 TIP33A 
m.45 2N5830 £0.30 80529 £0.85 MPS.A14 £11.35 TIP34A 
£1.20 40381 £DAO 80530 £0.85 MPS.ASS £11.35 TIP41.A 
£11.10 40362 (1).45 8DY56 £1.80 MPS.A65 £0.35 TIP42A 
£0.10 8C107 (1).10 8F257 £DAO MPSA66 £0AO IN914 
£11.09 BC108 m.1o 8F259 £0.47 MPSUOS £D.IIO IN916 
£11.23 8C109 £11.10 8FR39 £0.25 MPSU55 £0.70 IS920 
£0.17 BC125 £11.15 8FR79 £0.26 SN72721 P (1).58 5805 
£0.20 BC126 £11.15 BFYSO 1:0.20 SN72748P £11.58 
£0.12 8C182K £11.10 BFY5 1 £0.20 TIP29A £0.50 
£0.11 BC2t2K 1:0.12 BFY52 £0.20 TIP~OA £0.80 

for further information please write for FREE LIST NOW! 

WW- 055 FOR FURTHER DETAILS 

£11.71 
1:0.78 
£11.110 
1:0.?0 
£1.00 
£1.50 
1:0.74 
1:0.90 
m.rn 
f.0.07 
£11.10 
£1.20 

KIT PRICE only£28.25 . 
post free (U. K.) 

Pack Price 
1 Set of all low noise resistors £0.80 
2 Set of all small capacitors £1 .50 
3 Set of 4 power supply capacitors £1.40 
4 Set of miscellaneous parts including 

DIN sockets. fuses. fuse holders. 
control knobs. etc. 

5 Set of slide and push-button 
switches 

6 Set of potentiometers and 
selector switch 

7 Set of all semiconductors 
B Special Toroidal Transformer 
9 Fibreglass PC Panel 

10 Complete chassis work. 
hardware and brackets 

11 Preformed cable/leads 
12 Handbook 
13 Teak Cabinet 

V.A.T. Please add 8%* 
to all U.K. orders 
('"or at currenl rate if changed) 

U.K. OROERS- Postfree (mail order 
only I 
OVERSEAS-Postage at cost+ SOp 
sp~Ct;.~l packing 

Dept. WW12 

£1.90 

£0.90 

£1.45 
£8.25 
£4.95 
£2.50 

£4.20 
£0.40 
£0.25 
£2.75 

POWERl RAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER. HANTS SP1 0 3NN 

------~J 
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FROM THE SPECIALISTS-POWERTRAN 

ELECTRONICS WIRELESS WORLD AMPLIFIER DESIGNS 
Component packs for a choice of three outstanding amplifiers are stocked together with packs 
for a regulated power supply suitable for use with a pair of any of them. Also stocked are 
packs for a very well-established pre-amplifier—the Bailey-Burrows design which features six 
inputs, a scratch and rumble filter and wide range tone controls which may be either rotary 
or slider operating. 

30W BAILEY 60V REGULATED POWER SUPPLY 
Pk. 1 F/Glass PCB £0.80 Pk. 1 F/Glass PCB £0.75 
Pk. 2 Resistors, capacitors, pots £1.75 Pk. 2 Resistors, capacitors, pots £1.40 
Pk. 3 Semiconductor set £4.70 Pk. 3 Semiconductor set £3.10 
SOW BLOMLEY BAILEY-BURROWS PRE-AMP 
Pk. 1 F/Glass PCB £0.85 Pk. 1 F/Glass PCB £2.05 
Pk. 2 Resistors, capacitors, pots £2.15 Pk. 2 Resistors, capacitors, pre-sets. 
Pk. 3 Semiconductor set £5.60 transistors £4.95 
20W LINSLEY-HOOD Pk. 3R Rotary potentiometer set £1.60 
Pk. 1 F/Glass PCB £0.85 Pk. 35 Slider potentiometer set 
Pk. 2 Resistors, capacitors, pots £2.40 (with knobs) £2.70 
Pk. 3 Semiconductor set £3.35 

20 WATTS/CHANNEL 

STUART TAPE RECORDER 
A set of three printed-circuit boards has been prepared 
for the stereo integrated circuit version of this high- 
performance Wireless World published design. 
TRRP Pk. 1 Reply amplifier F/Glass PCB £0.90 
TRRC Pk. 1 Record amp-Zmeter drive cct. 

F/Glass PCB £1.40 
TROS Pk. 1 Bias/erase/stabilizer cct. 

F/Glass PCB £1.00 
For details of component packs for this design please write 
for free list. 

TOROIDAL T20 + 20 
Developed from the famous Practical Wireless Texan 

Designed by Texas engineers and published in 
a series of articles in Practical Wireless. The 
TEXAN was a remarkable breakthrough in 
delivering true Hi-Fi performance at excep- 
tionally low cost. Now further developed to 
include a true Toroidal transformer, this 
stimtine integrated circuit design, based upon 
a single F/Glass PCB, features all the normal 
facilities found on quality amplifiers, including 
scratch and rumble filters, adaptable input 
selector and headphones socket. 

TEAK CASE and HANDBOOK 
with full kits 

ACTIVE FILTER CROSSOVER 
An essential and critical component in a high-quality speaker system is the crossover unit convention- 
ally comprising of a series of passive networks which unfortunately, though introducing reactive 
impedances between the amplifier and the speakers, result in the loss of the advantage of high 
amplifier damping factor and renders the speakers prone to overshoots and resonances. An elegant 
solution to this problem, described by D. C. Read in Wireless World, involves the use of a series 
of active filters splitting the output of the pre-amplifier into three channels, of closely defined band- 
width. each of which is fed to the appropriate speaker by its own power amplifier. A design for a 
suitable 20-watt amplifier, based on a proven Texas circuit, was also described by Mr Read. The 
printed-circuit board for this has been designed such that three amplifiers may be stacked and 
mounted together on a common heat sink to achieve a conveniently compact module. 

ACTIVE FILTER 
Pack 
1 Fibreglass PCB {accommo- 

dates all filters for one 
channel) £ 

2 Set of pre-sets, solid 
tantalum capacitors, 2% 
metal oxide resistors, 2% 
polystyrene capacitors 3 Set of semiconductors 

2 off each pack required for stereo 
system 

READ/TEXAS 20wamp. POWER SUPPLY 

£4.20 
£2.65 

SUITABLE ALSO FOR FEEDING 
ANY OF OUR HIGH-POWER 
DESIGNS 

Pack 
1 Fibreglass PCB 
2 Set of resistors, capaci 

tors pre-sets (not includ- ing 0/P coupling capa- 
citors) 

3 Sets of semiconductors .... 
6 off each pack required for stereo 
system 
4 Special heat sink as- 

sembly for set of 3 
amplifiers 

5 Set of 3 O/P coupling 
capacitors 

2 off packs 4, 5 required for 
stereo system 

FOR 20W/CHANNELSTEREO 
£0.70 SYSTEM 

Pack 
£1.10 
£2.40 

Fibreglass PCB 
Set of rectifiers, zener 
diode, capacitors, fuses, 
fuse holders 
Toroidal transformer 

£0.85 
£1.00 

ENQUIRIES WELCOME 
For quality sets of.speakers 

SEMICONDUCTORS AS USED IN OUR RANGE OF QUAUTY AMPLIFIERS 
2N699 £0.25 2N4302 £0.60 BC182L £0.10 MJ481 £1.20 TIP29C E0.71 
2N1613 £0.20 2N5087 £0.42 BC184L £0.11 MJ491 • £1.30 TIP30C £0.78 
2N1711 £0.25 2N5210 £0.54 BC212L £0.12 MJE521 £0.60 T1P31A £0.60 
2N2926G £0.10 2N5457 £0.45 BC214L £0.14 MPSA05 £0.30 TIP32A £0.70 
2N3053 £0.15 2N5459 £0.45 BCY72 £0.13 MPSA12 £0.55 TIP33A £1.00 
2N3055 £0.45 2N5830 £0.30 B0529 €0.85 MPSA14 £0.35 riP34A £1.50 
2N3442 £1.20 40361 £0.40 B0530 £0.85 MPSA55 £0.35 TIP41A £0.74 
2N3704 £0.10 40362 £0.45 BDY56 £1.60 MPSA65 £0.35 TIP42A £0.90 
2N3707 £0.10 80107 £0.10 BF257 £0.40 MPSA66 £0.40 IN9t4 £0.07 
2N371t £0.09 BC108 £0.10 BF259 £0.47 MPSU05 €0.60 IN916 £0.07 
2N3819 £0.23 BC109 £0.10 BFR39 £0.25 MPSU55 £0.70 IS920 £0.10 
2N3904 £0.17 BC125 £0.15 BFR79 £0.25 SN72721P £0.58 5B05 £1.20 
2N3906 £0.20 BC126 £0.15 BFY50 £0.20 SN72748P £0.58 
2N4058 £0.12 BC182K £0.10 BFY51 £0.20 TIP29A £0.50 
2N4062 £0.11 BC212K £0.12 BFY52 £0.20 TIP30A £0.60 

for further information please write for FREE LIST NOW! 

KIT PRICE only £28.25 
post free (U.K.) 

£0.50 

£2.60 
£4.95 

Pack 
1 2 
3 
4 

9 10 
11 
12 
13 

Price Set of all low noise resistors £0.80 
Set of all small capacitors £1.50 
Set of 4 power supply capacitors £ 1.40 
Set of miscollanoous parts including 

DIN sockets, fuses, fuse holders, 
control knobs, etc. 

Set of slide and push-button 
switches 

Set of potentiometers and 
selector switch 

Set of all semiconductors 
Special Toroidal Transformer 
Fibreglass PC Panel 
Complete chassis work, 

hardware and brackets £4.20 
Preformed cable/leads £0.40 
Handbook £0.25 
Teak Cabinet £2.75 

£1.90 
£0,90 
£1.45 
£8.25 
£4.95 
£2.50 

V.A.T. Please add 8%* 
to all U.K. orders 
{*or at current rate if changed) 
U.K. ORDERS—Post free (mail order 
only) 
OVERSEAS—Postage at cost + 50p 
special packing 

Dept. WW12 
POWERTRAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER, HANTS SP10 3NN 

ww—055 FOR FURTHER DETAILS 
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The largest selection 
BRAND NEW FULL"( GUARANTEED DE. VICES 

AC107 0·22 AD161 & 110150 0 ·20 BUI:it 0·5$ BF183 0·44 MJI£114~0 0·115 'lG309 0 ·89 2:S2194 G-39 :lSXU:Jl$ G-19 2lHO:t8 0· 13 AOIU 0·20 AD162 (!dl') ROl.Ot 0 ·22 HUl:S'l 0 88 BF184 0 ·28 MPFIOZ 0 ·48 20339 0·22 2N2217 0 ·24 21/30~· 0·51 -:!N4059 O·ll AOUO 0·22 0 ·75 B01o2 0 ·19 JJI!133 0·72 RF1R; 0 ·33 MPF104 0·41 20339..1. 0·18 2N2218 0 ·22 2)13005 0•5$ :lN-IO(ill 0 ·18 A0117l{ 0 ·32 ADT I40 0 ·115 B01G3 0·31 ll l>l86 O·U R'P ISi 0·30 MPF100 0·41 20844 0·20 2bi2219 0 ·22 2ll389t 0·16 2 !{40()1 0·13 A0122 D-18 AF114 0·27 ll0164 0 ·33 RD136 0 ·44 1)}'188 0·44 0019 0·39 20846 0·18 2N2220 q ·24 ~:'18391A0•18 2N406~ 0·13 AOlz.l 0·19 AF115 0 ·27 8 0107 0 ·20 BD IST 0•50 8l'194 0 ·13 0020 0·70 20371 0 ·18 2N2221 0 ·22 2N3o92 0 ·18 2N4284 0·19 
A0126 D-19 .AF116 0·27 BO lOS D-13 BD138 0·55 R F195 D-13 002~ 0·62 2Q:J71l3 0·13 2N2222 0·22 2N.'i~93 D-16 '2N428tS 0 ·19 
A0 127 0·~ .Al'Jl7 0 ·2'1 Jl01611 D-13 llD139 0·61 Rl'196 0 ·16 0028 0 ·54 20373 0 ·19 2N2a6H D-19 2N3394 0 ·16 2N4266 D-19 A0128 0·~ Al'll8 0 ·39 llCJ60 D-50 8Dl40 0·66 BF197 0 ·18 0024 0·82 203H D-19 2N2369 D-16 2NS390 0·19 ~N4287 0·1.9 
A0132 D-16 .A.I"124 0·33 BC161 D-58 llDl G~ 0·88 m'2oo O·SO 0025 D-42 20377 0 ·33 2N2309A0·18 2!13402 0·23 2 N4288 0·19 A0134 0·18 .AF125 0·33 BCJO; D-13 BDl7G 0 ·88 BF222 l-OS 0026 0·32 20373 0 ·18 2!12411 0·.27 2!13403 0·28 2N4289 0·19 
A0137 0 ·18 AF126 0·31 110168 0·13 DD178 0·88 11FU7 D-60'"' OC'J8 D-88 2G381 0·18 2!12412 0 ·.27 2!13404 0·31 2N4290 0 ·19 
AOUl 0·20 AP121 0 ·31 ll0169 0>13 BD177 0·72 B"P'l~S 0·88 002~ D-86 20382 D-18 2!12848 0 ·62 2.'13403 D-46 2!14291 0 ·19 
AOHIK 0·32 AP139 0·33 BCI70 0·13 110178 O'l2 Bf'259 0 ·94 0036 0 ·48 20401 0·33 2N2711 0 ·28 2N3414 0·17 2..'<4292 0·19 
A0142 0·20 AF178 0 •65 BCJil 0>18 BD179 0'7? BF262 0·61 0036 0·66 20414 0·33 2N27l2 0 ·23 2N341& 0 ·17 2!14293 G-19 
A0142l{ 0·28 AY\79 0·5$ ll0172 0 ·18 BD180 0·71 BF263 0 ·61 0041 0 ·22 :!G41 7 0·33 2N2714 0 ·28 2N'3H8 0·31 2!15172 D-13 
A0181 0·17 All180 O·li6 BC173 0 ·18 BD166 0·'12 BF270 0 ·39 0042 0·27 2N388 0·39 2..'i2904 0·18 2NUH7 0·31 2~5294 0·60 
A0164 0 ·211 AJ.181 0·~ B01H 018 BD188 0 ·72 BF27l 0 ·33 0044 0 ·17 2N388A 0·81 2N2904A. 0 ·23 2N'3623 0·83 2!i'G.CG7 0 ·36 
AClG& 0 ·211 AF'186 0•5$ BC17& 0 ·24 BD187 0·71 BF272 0·88 004& 0 ·14 2S"404 0 ·211 2..'i~ 0·23 2N'MH 0·74 2!13468 0·86 
A0160 0 ·22 AP239 0·41 BC177 0 ·21 BOI88 0 ·77 BF'A73 0 ·38 0070 0 ·11 2N404.A 0·31 2N~A0·2a 2!13616 0·8:2 2~""5-469 0·44 ..U.l02 0 -72 B0178 0·11 80189 0·83 BF274 0 ·39 0071 0 ·11 2!1524 0·48 2N2908 0 ·17 2..'13618 0·82 2X6121 0 ·76 A0167 0 ·27 AL103 0·72 B0179 0 ·21 80190 0·83 11PW10 0·84 0072 0 ·18 2:-1527 0·64 2N290U0·20 2l/Sil46 0·10 2S30l 0·115 A0180 0 ·211 •• 8Y26 0·211 BC180 0 ·27 BD1!13 0 ·94 11Fl:29 0·80 00,. 0 ·18 2X598 0·48 2l/'2907 0 ·22 ~:-13702 0·13 25802A 0•48 A018a 0 ·211 .~SY27 0·83 80181 0 ·.27 8DIG6 0·94 Bl'X84 0 ·24 0076 0 ·17 2!-\699 0·50 2N2907.A 0 ·24 2li3703 0·13 25302 0 ·48 AC167 0 ·22 .ABY28 0 ·28 80182 0 ·16 BD1Q7 0 ·99 u•·x8> 0 ·33 0076 0 ·17 2Y696 0 ·14 2S2923 0 ·18 2l/870< 0 ·14 28303 0·61 .A0158 0·27 ASY29 0·28 BC182L 0 ·18 BDI98 0·99 Bl'X86 0 ·24 0077 0·28 2l/'697 0 ·15 2N2924 0•18 2N3705 D-13 28304 0 ·77 .AC169 0·18 ASY50 0·28 110183 0 ·18 BDI99 1-()5 Bl'X87 0 ·27 0081 0 ·17 2N698 0·27 2N292G D-18 2NS706 0 ·13 2530:) 0·88 A0176 0 ·22 ASY51 0·28 DC183J, 0 ·18 BD200 1 ·05 'Bl"X88 0 ·24 008))) 0 17 2N699 0·89 2N2926(0) 2N'S707 0 ·14 25306 0·86 ACI77 0 ·27 .AS\'~2 0·28 ll0184 0 ·22 llD203 0·88 BFY5o 0 ·22 OC82 0·17 2N706 0·09 0 ·14 21'3708 0·09 28 307 0 ·86 A0178 0 ·31 ASY54 0 ·28 BC184L 0·22 BD206 0 ·88 Bl"Y6l 0 ·22 OC82D D-17 2N70tiA 0·10 2N2926(Yl 2N•709 0·10 2832 1 0·88 ACI70 D-31 .ASYo5 0·28 DC1H6 0 ·31 llD207 1-06 BFY62 0 ·22 0083 0•22 2N708 0·13 0 ·12 2N3710 0·10 28322 0 ·46 A0180 0 ·22 ASY56 0·28 B0187 0 ·81 J)J)208 1-06 BFYS3 0 ·19 00130 0 ·22 2N711 0 ·33 2N2926(0) 2N37ll 0·10 28322A 0·46 .AC180K 0 ·32 .A8 YJ7 0·28 110207 0 ·12 BDY20 1-10 D!!X19 D-17. OCHO 0·22 2N717 0·39 D-11 2N3819 0·31 28823 0 ·82 A0t81 0 22 ASY5S 0 ·2<1' D0208 0 ·12 DF115 0 ·27 BSX20 D-17 00109 0·28 2N718 0 ·21 2N3820 0·55 28324 0 ·77 AC181K 0 ·32 .-U!Y7:l 0·28 80209 D-13 Jlll'll7 0·60 BSY2~ 0·17 00170 0 ·28 2N718.A 0·55 2S2926\nl 2!13821 0 ·39 2832G 0 ·77 A0187 0 ·24 ASZ21 0·44 B0212L 0 ·14 81'118 0·71 BSV26 0·17 00171 0·28 2~726 0·31 0·11 2S'3828 0·31 28326 0·71 A0187R: 0 ·25 BC107 0 ·14 11C2l3t. 0 ·14 BF'll9 0 ·77 BSY27 0 ·17 00200 0·28 2N727 0 ·31 2!12926('8) 2!13903 0 ·31 28327 0·71 A0188 0·24 BC108 0 ·14 BC214L 0·18 '8Fl21 0·50 BSY28 0·17 00201 0·31 '2N743 0·22 D-11 2l13904 D-33 28701 0 ·46 AC188l{ 0·26 80109 0·15 liC'l26 0·28 111'123 0·65 8SY29 0 ·17 00202 D-31 2N74.C 0·22 ~:S3010 0 ·71 2!<390~ 0,31 403<31 0 ·44 AOY17 0 ·28 80113 0·11 BC22G 0 ·89 BF12~ 0·50 BSY38 0·~ 00203 0·28 2N914 D-16 2N8011 0 ·18 2NS90fl 0'30 40U2 0·50 .AOYI8 0·22 BC114 0·17 80301 0 ·80 8Pl27 0·55 BSY39 0·~ 00204 0 ·33 2N918 0 ·33 

O!OO!:.S A0lll9 0 ·22 B0116 0·17 110302 0 ·27 BPI6~ 0·61 BSY40 0 ·31 0020l5 0 ·39 ~N929 0·23 
A0Y20 0 ·22 BOllS 0 ·17 DC303 CH16 Bl'163 0·50 BSY41 0 ·31 ocaot 0 ·44 2N930 0·23 AA119 0·09 BY! SO 0 ·18 OA10 0 ·16 
AOY21 0 ·22 BOU7 ChilO BC304 0 ·40 BP164 0 ·50 BSY95 0 ·14 OCP71 0·48 2!\'1131 0·211 .AA120 0 ·09 BV133 0 ·23 OA47 0 ·08 .ACY29 0 ·18 BOllS 0·11 BO«O 0 ·34 81'166 0·71 BSY96.A O·lf ORP12 0>48 2!ntn 0·2& .AA129 0 ·09 8Y184 0·55 0.A70 0 ·08 .A0\'27 0 ·20 D0119 0·38 1)0460 0 ·40 8PlG8 0·53 Bul05 2 ·20 OB1'80 0·44 2!\'1302 0>16 A.A\'30 0 ·10 8YXS8!30 OA79 0 ·08 AOY28 O·ll1 BC120 0·88 BOY30 0 '27 81'167 0·81 0111E 0 ·5$ O&P81 0 ·44 2SU03 0·16 A..AZ13 0·11 0·46 0..!.81 0·08 .A.0\'29 0 ·89 BC125 0 ·13 BOY30 0 ·27 BFUS 0·81 0400 0 ·33 1'20 0 •5$ 2N1304 0 ·19 BAlDO O·ll BYZIO 0·39 0A8S 0·10 A0\'30 0 ·31 B0126 0 ·~ BOY31 0·2t 81!'169 0·84 0~7 0·28 PUOA 0·22 

2!\1305 0 ·19 RA116 0 ·2# RYZIL 0 ·38 OA90 0·07 .A0\'31 0 ·31 DC132 0 ·13 ll0Y32 0 ·38 8F1GO 0·.44 0424 0·28 2S1306 0·23 BA126 0 ·24 BYZ12 0 ·33 0.A91 0 ·07 A0Y34 0•23 ll0134 0·20 BCY33 0 ·24 1!1'162 0·44 0425 0 ·5$ P397 D-46 2N1307 0·23 8Al48 0 ·16 8YZ13 0·28 OA95 0 ·08 AOY8G 0 ·23 BC135 0 ·13 BCY84 0·28 Bl!'183 0·44 0426 0·39 STUO O·lt 2N1308 0 ·28 BA164 D-13 BYZ1G 0·44 0A200 0 ·07 ACY86 0·81 BC136 0 ·17 BCY70 0·18 8.1'164 0·44 0428 0 ·22 ST141 0 ·19 2N1~09 0·28 BAlOG D-16 llVZ17 0 ·39 0 A202 0·08 AOY40 G-19 BC137 0·17 BCY71 0 ·22 8F1M 0·44 0441 0 ·33 'f(S43 0·33 2NI 613 0·22 BA156 D-16 lli.'Z18 0 ·39 arno 0·08 AOYU 0·20 B0139 D-44 BOY72 D-18 BPt 67 0 ·24 0142 0·33 2Nl711 0 ·22 llA173 0·16 RYZJ 9 0·31 
AOY44 0·39 B C140 0 ·33 llCZ10 0 ·112 llP173 0·24 0444 0 ·39 VNG 0·30 2Nl 889 0 ·86 BY100 D-17 CG02 SDI 9 0 ·08 
.AI)) 30 D-42 llC141 0 ·33 llOZll 0 ·28 . 8Fl76 0 ·39 0450 0·24 7.N4U 1·~0 2 N1890 D-50 HY101 D-13 (0A91 ;1-:q.) 1 N34 0·08 
ADUO D-53 BC142· 0 ·33 BCZJ.~ 0·28 llF177 0 ·39 MAT100 0 ·21 20301 0·21 2l/J893 0·41 JIY106 0·19 0·06 ! N34A 0 ·08 
AD142 0 ·53 110143 0 ·33 B DUG 0·88 8F'178 0·23 MA1'101 0•22 20302 0·21 'llS2147 0 ·79 BY114 0·13 OGG~'I l .N914 0 ·06 
ADHS 0·42 BC145 0·50 BD116 0 ·88 ln'179 0 ·33 )[ATl20 0 ·21 2030~ 0·21 2N2148 0 ·88 BY124 0 ·13 (0A70·0.A79l 1N916 0·08 
ADI49 0·66 HC147 0 ·11 B0121 0 ·88 8•'1so· 0 ·33 ~[ATI21 0·22 20304 0 ·27 2N'2160 0·88 B¥126 D-16 0·0'1 l:-IH48 0·08 
AD16t D-39 80148 0 ·11 110123 0 ·72 BP181 0·33 MJE•235i> 0 ·911 20306 0•4,4 2N2l92 0·39 Bl'127 0 ·17 OA5 0 ·39 18021 0·1l 
AD182 D-39 RCI49 D-13 BP124 0·78 111"182 0·44 llJ Eaoo:> 0·82 20308 D-39 2N2t93 0·39 8Y128 · 0 ·17 OMST. 0 ·23 189.51 0·07 

KING OF THE PAKS Unequalled Value and Quality QUALITY TESTED SEMICONDUCTORS NEW LOW PRICE TESTED S.C.R.'s 

SUPER PAKS NEW BI-PAK UNT ESTED 
SEMICONDUCTOR S 

A LAROE R ANGE OF TECHNICAL 
AND DATA BOOKS Alll!: NOW 

AVAJLABt.E EX. STOCK. 
SEND FOR FREE LIST. 

BI-PAKS NEW COMPONENT SHOP N OW OPEN WITH A WIDE 
RANG E O F ELECTRONIC COMPONENTS A ND ACCESSO RIES AT 

COMPET ITIVE PRICES-

.. . . ~ 
• I II" 

• f • f 

• 
. '• If 

:. •' .• i 

:; I ' 

10 amp POTTED 
BRIDGE RECTIFIER 

on heat s ink. 
1 OOPIV. 99p each 

!lEW LliiE 
Plaltio EllcaJ>OQ!aiM 
2 Amp. 8 1Ul>OII &ECTS. 

GOv BltS 86p each 
lOOv IUI.8 40p ., 
200v RllS 45p ., 
400• )U(8 801> .. 
l,OOOv l.IMJ! 65D ,. 
811e: JO mm X 6 mm. 

Ullll17NOTION 
IJ'l'46. FAJvt. 2N2648. 
Eq vt. Tl843. BEN3000 
30p OMb, 26·99 28p 
100 Ul' 22p. • • 

CADMIUM CELLS 
0RP12U, 

OE!IEEAt. PURPOSE 
lll'li SILICON SWITCB· 
JIIO TIIAJIS. T0-18 
SIJI. TO 2R70818. BaY· 
Z'l/28/tU • .A.I.I uaablt 

:.=.o::.ro :~~tt 
A.B.LE In Pl'"P Stm. to 
21<2900, IIOY70. Wbtn 
ol'\'le.rlnjf J)16Me .w.e 
p~le~n<e !!il'S' or P.SP. 

! p 
20 For 0·115 
GO For 1-10 

100 'l'or 1·92 
500 For 8 ·25 

1000 llor 14 ·30 

SIL. O.P. D10DI!l9 lp 
:lOOmW 30 .. 0 ·65 
40PIV(Afln.) 100 .. 1·65 
Bub-1\lln. 600 •• 6·60 
Putt T .. t.<t l,oon .. 8·80 
ld~al tor Orpn Uullden. 

TIIIA~S 
VllOM ~A SA tO.< 

TO-~ T0·88 T0·48 ., .. .. 
100 38 115 sa 
200 115 sa 1111 
400 71 83 1·21 

OlACS 
I'OR U8F. WlTB 
TRIAC$ 
BR100 (0321 2$p each 

FREE 

BRA'NO !lEW T8XA8 
Gl!lRill. TRAIISISTORS 
CO<!ed a.nd l'll&niOleed 
l'•kNo. EQVT 
Tl ll ~oana OC71 
1'2 8 0137>1 0075 
T:l 8 DI2J6 ocsm 
T4 8 ~0301 T OC8J 
TG 8 20362T 0082 
TG 8 203-0 Ill 004< 
T7 8 203458 0045 
T8 8 ~0•76 0078 
T9 ~ 20399A 2.SJ802 
T10 8 2(H17 AP117 

All G6p ea<:h pak. 

2N~60 lii'N SU.. DUAL 
TRANS. COilE Dl699 
n:X.AH. 001' prioo 28p 
eaoh. 
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AC107 02s AC118 0 20 AC11D 022 AC117K 0 83 ACI22 0 18 AC125 
AC126 AC 127 AC128 AC1S2 AC1S4 ACI37 
AC141 AC AC AC AC AC 
AC 

The largest selection 

BRAND NEW FULLY GUARANTEED DEVICES 

019 
019 0-20 0-20 010 0-10 0 16 

  020 ACI41K 0-82 AC142 O-BO AC142K 0-20 AC15J ACXS4 
AC165 AC15G AClfi? AC165 AC 166 AC 167 
AC168 ACir.9 AC176 A 0177 AC17H A0179 
AC180 v AC180K 0 AC161 0 22 AC181K 0-32 AC187 0-24 AC187K 0-25 AC188 0-24 AC188K 0 25 ACV17 0-28 ACYI8 ACY19 ACY20 ACY21 ACY22 ACy27 ACY28 ACY29 ACY30 ACYS1 ACY84 ACT35 ACY36 ACY40 ACY41 ACY41 AD] 80 AD140 AD142 AD143 AD149 AD16I AD162 

017 0-22 
0 22 0-2£ 0-27 0 22 0-22 0 22 
0 27 0 16 0-C3 0 27 0-31 0-31 
0-22 

01_ 0-22 0 22 0-22 0 18 0 20 0-31 039 0 31 0 81 0-23 0-28 0 81 019 0 20 0-89 0-42 0 68 0 68 0 42 0-55 0 39 0 39 

AD161 & BC150 0-20 BDi;U 0-55 BF183 0 44 AD163 (MP) noioi 0-22 B 1)132 0 66 BF184 0-28 0-75 RCI52 019 BDl3:t 0-72 RP1 ftft 0-38 ADT140 0 55 BCI53 0 31 BDI35 0«- BP 187 0 80 API 14 0-27 BC154 033 BD1SG 0 44 BIT 88 0-44 AF115 0'27 BCI57 0 20 BD13T O-BO BP194 0 13 AF116 0-27 BCI58 012 BD138 0 65 BP195 013 AF117 0 27 BC169 018 BD139 0 61 RP19G 0-18 API 18 0 39 BC160 0 50 BD140 0 86 BP197 016 Arm 0-33 EC161 055 BDlftft o-sa BF200 0 50 AF'l'JS 0 33 BCJ G7 018 BD173 066 BF222 105 API 26 0-31 BC168 018 BD176 0 60 BF2ft7 0-60^ API27 0 31 150169 013 BD177 0 72 BP208 0-66 API 39 0 33 BC170 0 13 BD178 0-72 BP2o9 0 94 AF178 0-56 BC171 016 BD179 0-77 BP262 0-61 AP179 055 BC172 016 BDlftO 0-77 BP263 0 61 AFI80 0-55 BC 173 0 16 RDT85 0-72 BF270 039 AF181 0-66 BC174 0 16 BDI86 0'72 BF27J 0-33 AF18G 0 56 BC175 0 24 BD187 0 77 BF272 0 88 AP239 0-41 BC177 0 21 BD188 0-77 BF273 0-39 AL102 0-72 RC178 0-21 BD189 0 83 BF274 0-39 AL10S 0 72 BC179 0-21 BD190 0 83 BPW10 066 A8Y26 0 B8 BC1H0 0 27 BD195 0 94 BPX29 0-30 ASY27 0 S3 BClftl 0-27 BD196 0-94 BFX84 0 24 A3Y28 028 BCIS2 0-16 EDI 97 0 99 BPX85 0-88 ASY29 0-28 BC182L 016 BD19ft 0 99 BPX86 0 24 ASY30 0 28 BCIftS 0 16 RDJ99 105 BPX87 0-27 ASY51 0 28 BC183I, 0 18 BD200 1-06 BPX88 024 A8Y52 028 BC184 0-22 BD205 0-88 BPY50 0 22 ASY34 0 28 BC184L 0-22 BD206 0-88 BFY5] 0-23 A3Y56 0 28 BC1H6 0-31 BD207 105 BPY52 o-ea A8Y5G 028 60107 0-31 BD208 1 06 BFYSS 0 19 A0Y37 0-28 BC207 0 12 BDY20 110 B-SX19 0-17 ASY58 0-2» BC208 0-12 BP115 0-27 B3X20 0 17 ASY73 0-28 BC209 013 BPI17 0 50 B8Y2B 0-37 A3Z2.t 0 44 BC2I2L 0 14 BPI18 0 77 B8y26 0-17 1JC107 0-14 BC218L 014 BF1I9 0-77 B8Y27 0-17 BCI08 0 14 BC214L 018 BF12I 0-50 B8Y28 0 17 BC109 0 16 BC225 0 28 BF123 0 65 BSY29 0-17 BCI13 0-11 BC22G 0-39 BF125 0 60 B9Y38 0 20 BC114 017 BCS01 0 30 RF127 0-55 B9Y39 0 20 BC115 0-17 BC302 0-27 BP 152 0-61 BSY40 0-31 BC1I6 0 17 BC303 0-85 BP153 0 50 BBy41 0-31 B0117 0-20 BC304 0-40 BP104 0 60 BSY95 0-14 BC118 011 BC440 0-34 BPlftft 0-77 15SV9BA 0-14 BC119 0-33 150460 0 40 BFIOG 053 BulOS 2-20 BC120 088 BOYSO 0-27 BF107 0-61 C111E 0 55 BC125 013 BCY80 0-27 BP15ft 0 81 C400 0-33 B0126 0 20 BOY31 0-29 BPI59 0 66 C407 0-28 BC132 0 13 BCY32 0-33 BF160 044 C424 0-28 BOX 84 0-20 BCY33 0 24 BP162 044 C425 0-53 BC135 013 RCY34 0 28 BFI63 044 0426 0 39 BC138 017 BCY70 0 16 BF164 0 44 C428 0 22 BC1S7 0 17 BCY71 0-22 BF163 0 44 C441 0 33 BC189 044 BCY72 016 BF167 0-24 C442 0-38 BC14U 033 BCZ10 0 22 15P173 0-24 C444 0-39 B014I 0 38 BCZ] 1 0 E8 BP] 7G 0-39 C450 0 24 BC142 0 88 BCZI2 028 BP177 0 39 MAT100 0-21 BCI43 0-33 BD1X6 0 68 BF178 0 33 M ATI 01 022 BC145 0-50 BD116 0-88 BP2 79 0 88 MAT120 0 21 BC147 0-11 BD121 0-00 BP180 0 38 MAT121 0 22 BC148 on BD123 0 72 BP18I 033 MJB2933 0-95 BC149 0 13 BD124 0-78 BP182 0-44 MJE305D 0-62 

KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS 
NEW BI-PAK UNTESTED 

SEMICONDUCTORS 
Satisfaction OUAItANTEED In Every Pak, or money back 
Pak No. DwcriDtion 
U 1 120 GUwBSub-MJu. General Furpoac Germanium Diodes ..,. 

Price 
065 

U 2 60 Mixed Oermanlnm Trannlrtorn AP/RP  0 55 
U 3 76 Germanium Gold Bonded Sub-Min. like OAS, OA47  0-6B 
U 4 30 Germanium Tnauiialora like 0081, ACI28  0-6B 
U u 60 200mA Suh-Min. Silicon Diodes  0 65 
U 6 30 Sil. Planar Trans. XPX like BSY95A. 2S706   0 55 
17 7 in 811, Rectiflera TOP'UAT 700mA VLTG. RANGE up to l00U0-55 
L" 8 50 811. Planar Diodes DO-7 Glass 250uiA like GA200/202 . 055 
V 9 20 Mixed Voltages, 1 Watt Zener Diodes  0 66 
1710 20 BAY50 charge atorage Diodes DO-7 Glass  0 55 
Ull 20 PXP Sil. Planar Trans. TO-5 like 2X1132, 2X2904   0 55 
UJ4 150 Mixed Silicon and Gennuniuin Diodes  0-56 
U15 20 XPX Sil. Planar Trans. TO-6 like BFY51, 2X697  0-55 
U16 10 8 Amp Silicon Rectifier? Stud Type up to IOOOPIV   0 65 
U17 80 Germanium PXP AP Traaaistors TO-5 like ACY 17.22 0-55 
U18 ft 6 Amp Silicon Rectifiers B YZ1S Type up to 800 P1V .. . 055 
LTD 26 Silicon XPX Tranalstora like BCIOft  0-65 
1720 12 I-ft Amp Silicon Kectiliers Top Hat up to 1000 PIN .... 0-55 
U21 30 AP. Germanium Alloy Tranai&lora 2GS00 Series & OG71. 055 
U23 2d MADT'e like MHz Reriee PNP Tramletor?   055 
U24 20 Germanium 1 Amp RectiQerB GJM Series up to 300 PIV 0 55 
U25 20 300 MHz XPX Silicon Truusiatoni 2X708, B8Y27  0-55 
U26 30 Paet Switching Silicon Diodes like 1X914 Micro-Min  0 55 
U29 10 1 Amp SCR'a TO-5 can. up to BOO PIV CKS1'25-600 .. 1.10 
U32 25 Zener Diodes 400mW D()-7 case 3-18 volte mixed  0-56 
TJ33 IS Plastic Case I Amp Silicon RectiQers 1X4000 Series ... 0-55 
U34 30 Silicon PXP Alloy Trans. TO-5 BCY2C 2S:502;4  0-S6 
1730 20 Silicon Planar XPX Transistors TO-D BFYyO/5i;52  0 65 
U37 30 Silicon Alloy Traufchtor* SO-2 PXP OC200, 28322   0 55 
U3S 20 Past Switching Silicon Trans. XPX MHz 2X3011   0 55 
1739 30 RF. Germ. PXP Translstora 2X1303;5 TO-5   0 65 
U40 10 Dual Trau?l?tora fi lead TO-5 2X2060   0-66 
U4U 25 Sil- Traiif. PlftstiO TO-18 AJf. BOI13.1I14  0 56 U44 20 Sil. Trme. i'iasUc TO-D JJOUD/NPX  0 65 

7 :5A SCR. TO66 up to 600PIV  110 
U4C 20 Unijunction transistors similar to TIS43   0-56 
U47 18 T0220AB plastic triacs 50V 6A  1-10 
1148 9 NPX SU. power transistors like 2X3065  1-10 
U49 12 XPX 811. plastic power trans. 60W like 2X6294/5296 .. 1-10 

Ml 153140 0-55 MPP102 0-46 MPP104 0-41 MPP10E 0 41 
OC19 0 39 OC20 0 70 OC22 0-52 OC23 0 64 OG24 0 62 OG2ft 0 42 OC20 0-82 OC28 0-55 OC29 0-66 0036 0 46 OC36 0-55 OC41 0 22 OC42 0 27 OC44 0-17 OC46 0 14 OO70 0 11 OC71 0 11 OC72 0-16 OC74 016 OC75 0 17 OC76 0 17 OC77 0-28 OC81 0 17 OCftl D 017 OC82 017 OCS2D 017 OC83 0-22 OC130 0-22 OC140 0 22 OOl 69 0 88 OC170 028 OC171 0 28 OC200 0-20 OC201 0-81 OC202 0-31 OC203 0-28 OC204 0-28 00205 0-39 OC309 0 44 OCP71 0 48 ORP12 0 48 ORP60 0 44 ORP61 0-44 

P20 0-55 
P346A 0-22 
P397 0-40 
ST 140 014 8T141 0-19 
TIS43 0 33 
UT46 0-30 
ZN414 1-20 
20301 0-21 2G302 0-21 20303 0 21 2G304 0 27 2Q300 0 44 2O308 0-89 

2(1809 0 89 26339 0 22 2G339A 0 18 2GS44 0-20 2GS4S 0-18 2G371 018 203716 018 2G373 2G374 26377 26378 26381 26882 26401 20414 26417 2N888 

0-19 0-19 033 0 18 0 18 0-18 0-38 o-as 0-28 0-: 2X388A 0-61 2N"404 0-22 2N404A 0-31 2K524 2No27 2N598 2X599 2X696 2X697 2N698 2X899 2N706 

0-46 0 64 0 40 060 0-14 0-15 0-27 0-39 009 2N706A 010 2X708 0-18 2X711 0-88 2X717 0-39 2X718 0-27 2X7I8A 0 65 2X726 0 81 2X727 2X748 2X744 2N914 2X918 2X929 2X930 

0-31 0-22 0-22 0-10 0-33 0-23 0 J 2X1181 0-22 2X1182 0-24 2X1302 0-16 2SI803 0-18 2X1304 0 19 2X1305 0 19 2X1806 0-83 2X1307 0-23 2X1308 0-26 2X1809 0 26 2N1613 0-22 2X1711 022 2X1889 0 83 2X1890 0-50 2N1893 0-41 2X2147 0 79 2X2148 0 63 2X2160 0-66 2X2192 0-39 2X2193 0-39 

2X2194 0 30 2X2217 0-24 2X2218 0-22 2X2219 0-22 2X2220 Q24 2X2221 0-22 2N2222 0 22 2X2368 0 19 2X2369 0-18 2X2SG9A0-18 2X2411 0-27 2X2412 0-27 2X2646 0-52 2X2711 0 23 2X2712 0-23 2X2714 0 28 2X2904 0-19 2X2904 A 0-23 2X2905 0-23 2X2905 A 0-23 2X2906 0-17 2X2906A 0-20 2X2907 0-22 2X2907A0-24 2X2923 0 16 2X2924 0-16 2X2925 0 18 2X2926(6) 0 14 
2S2926(Y) 012 
2X292G(0) 0-11 
2X2926(11) 0 11 
2X2ft26(B) 0 11 
2X3010 0 77 
2X8011 0-16 

2X3053 0 19 2 N 4068 0 13 2X3054 061 2X4059 0 11 2X3055 065 2N4O0O 0 18 2X3391 016 2X4061 013 2X3391A 0-18 2X4062 0-13 2X3392 0-16 2X4284 0 19 2X3393 016 2X428fl 0 10 2X3394 0-16 2X4266 019 2X3395 0-19 2X4207 0 19 2X3402 0 28 2X4288 019 2X3403 0-23 2X4289 019 2X3404 0-31 2X4290 019 2X3405 0 46 2X4291 0-19 2X3414 0 17 2X4292 019 2N3416 0 17 2X4293 0-19 2X3416 0-31 2N5172 0 13 2X3417 0-31 2X6294 0 60 2X3525 0-83 2X5457 0 35 2X3614 0-74 2X5450 0-35 2X3615 0 82 2X5459 044 2X3616 0 82 2X6121 0-75 2X8646 0-10 29801 0 56 2N3702 0-13 2S302A 0-46 2 N3703 0 13 2S302 0-46 2X3704 0 14 28303 0 81 2X3705 013 28304 0-77 2X3706 0-13 29805 0 86 2X3707 0-14 2S306 0 88 2X3708 0 09 2S307 0 86 2X3709 010 28321. 0-62 2X3710 0 10 28322 0 46 2X8711 0-10 2S322A 048 2X3819 0 31 23323 002 2N3820 0 55 28324 0-77 2X3821 0-39 28823 0-77 2X3823 0-31 29326 0-77 2X3903 0-31 29327 0-77 2X3904 0-38 23701 0-48 2X3905 0:31 40361 0 44 2X3906 0-30 40362 0 50 
AA119 0-00 AA120 0-09 AA129 0-09 AAY30 0-10 AAZ18 BA100 BAH 6 BA126 BA14S BA1B4 BA150 BAI08 BA173 BY100 BY101 BY105 BY114 BY! 24 BY 126 BY127 BY 123 

0 11 0 11 0-28 0-24 0 10 0 13 0-16 0-15 0 18 0 17 0-13 019 0 18 0 18 0-16 0-17 0 17 

DIODES 
BY130 0 X8 BY133 0-23 UYI64 0-55 BYX38,'30 0-46 BYZIO 0 89 BYZ1I 0-88 JSYZVi 0-33 BYZ13 0-23 BYZ16 0 44 BYZI? 0-39 BYZ18 BYZ19 C662 (OA91 Eq.) 0 00 C6651 (OA70-UA79) 0 0? OAS 0 39 OA5SD 0-23 

0-39 0 31 

QUALITY TESTEQ SEMICONDUCTORS 

20 Red Bpot transistors PXP  1G White spot R.P. traneUtoro I'XP 4 00 77 type trauaiBtore  6 Matched transiatora OC44/46/81/81D  4 OC 75 transistors  5 OC 72 transietoni.  4- AC 128 transistors PXP high gain 4 AC 126 translators PXP  7 OC 81 type traziBieturs  7 OC 71 type transiatora  2 AC 127/128 Complenienfary pairs I'XP/XPN 3 AP 116 type transistors   3 Al' 117 type tranBiBtors   OC 171 H-F. type tranaistors 

Price 
fp 0-56 0-55 0 58 0 55 0-55 0 58 0 55 0 55 0 56 0-55 055 0-55 0-55 0-55 7 2X292G 811. Epoxy transistors mixed Colour* 0-65 5 XPX 2 x ST. 111 &• 3 X 9T.140 4 MADT'S 2 X MAT 100 & 2 X MAT 120  3 MADT'8 2 X MAT 101 & I x MAT 121  4 OC 44 Germanium Iranalstors A.P  4 AC 127 XPX Oenmiulum transistora-  Q22 20 NKT tranaiatora A.P. R.P. coded     Q23 10 OA 202 Silicon diode? suh-mm  024 8 OA 81 diodes  025 15 1X914 Silicon diodea 75 P1V 75mA   Q2G 8 OA95 Germanium diode? sub-min. 1X69 .... Q27 2 10A 600 P1V Silicon rcctiflcre 1S125R   Q2H 2 Silicon power rectiflera BYZ 18  Q29 4 Silicon transislors 2 x 2X696. 1 X 2X697, X 2X698  Qao 7 Silicon awltch transiatord 2X70G XPX  Q3I 6 Silicon switch transiator? 2X708 XPX  Q32 3 PXP Silicon trauslstore 2 X 2X1181. 1 X 2X 1132  Q33 3 Silicon XPX transistor? 2X171.1   Q34 7 Silicon XPX transistors 2X2369. oOOMUz (code P397)  Q85 3 Silicon PXP TO-o. 2 X 2X2904 « 1 x 2X2905   Q36 7 2X3646 TO-18 plastic 800 MHz XPX  

037 3 2X3053 XPX Silicon Iransirtot?   638 5 PXP trunsiBtors 3 X 2X3703.2 X 2X3702.. Q39 ft XPX tranalstons 8 x 2X8704. 2 x 2X8705.. Q40 5 XPX tranaiatore 8 X 2X3707, 2 x 2X3708.. Q-ll 3 Plastic XPX TO-18 2X3904 ,  Q48 ft BC 107 NPS tmiwlator?  Q44 0 XPX tr<inaistore 3 X BC 108. 2 X BC 109  Q45 3 BC 113 XPX TO-1H tranaistorn  Q4G 3 BC 115 XPX TO-5 tranalelor?  Q47 4 XPX high gain tranBistore 2 x BC167. 2 x BC168  648 3 BCY 70 PXP transistors TO-18   Q-19 3 NPS transistors 2 x RFYftl, 1 X BPY32. , tiftO 7 BSY 28 XPX switoh trauslstore TO-18  QOI 7 B8Y 95A XPX transistors 30OUUz  Q52 8 BY100 typo silicon rectiflera 653 26 Sil. & Germ. • i. mixed all marked r 

0-6B 0 55 0 55 0-56 0 65 0-55 0 55 0 68 0 55 0 65 065 0 55 
0-55 0-55 0 55 
0-55 0-55 
0 55 
0 55 0 55 
0-55 0 55 0 55 0 58 0 55 0-6B 0 56 0 55 0 65 
0 55 0 55 0 55 0-55 0 55 110 1-86 

Qth EDITION 2S0 pages 
TRANSISTOR EQUIVALENTS BOOK. A complete irroae reference and equivalente book for European, American and Japanese TranaiatorB. Exclusive to Bl-PAK £1-85 each. 

OA10 0-16 
OA47 0-08 OA70 0-08 OA79 0-08 OA81 008 OA85 0 10 
OA90 0 07 OA0I 0-07 OA95 0 08 OA20rt 0 07 OA202 0-08 
SDIO o-oe 9DI9 0-06 1X34 0 08 1X34 A 0-08 1X914 0-08 
1X916 0 08 1X414ft 0 06 1S02I. 0 11 
ISD51 0-07 

NEW LOW PRICE TESTED S.C.R.'s 
1A 3A 5A OA 7A 10 A IGA SO A TOO T066 TOG6 T084 T048 T048 T048 0 22 0 87 0 87 0 32 0-42 0-63 

0 27 0-27 0 32 0-48 0 52 0 70 

0 89 0 58 0-54 0 59 0-75 0 88 

0-39 0-52 0 54 0-62 0-76 0-88 

0-52 0-55 0 62 0-67 0-84 0 99 

0 55 0 63 0-87 0-83 1 07 1-32 

0-58 0-62 0-07 0 77 0-97 1 60 

TO 48 1 27 1-54 1-76 1-83 
4 40 

POWER TRANS BONANZA! 
GENERAL PURPOSE GERM. PNP Coded 61*100. BiiAXD NEW TO-3 CASE. POSSIBLE REPLACE: OC25~2S-29-80-3o-3fi. XKT 401-403-404- 405-406-130-151-152-158. TIS027-802S, 2X250A "2X456A 4fl7A—158.A, 2X511 A A B. 26220-222, ETC. VCBO 80V VCEO B0V IC 10A PT. 30 WATTS life 30 170. PRICE 1-24 25-99 100 up 48p each 44p each 40p each 

SILICON High Voltage 250V NPK TO-8 case. O.P. Switching & Amplifier Applications. Brand new Coded It 2400 VCBO 250/VCEO 100,TC 6A/30 Wutts. HFE type 20/fT 5MHZ. Ol.'R PRICE EACH: 1-24 SSp. 25-99 60p, 
100 np 44p 

2N3055 
116 WATT sn POWER NPN 55D EACH. 

LINEAR INTEGRATED CTRCDIT PAKS ULIC 709 10X709      UL1C 710 7X710   I'LTC 741 7X741     ULIC 747 5x747    ULIC 748 7X748   

.. 0-55 .. 0-55 .. 0-55 .. 0-55 .. 0-55 
A D161/162 PNP 
M.P COMP OEKM TILVXS. OUR LOWEST PRICE OP 75p PER PAIR 
SHJCON PHOTO TRANSISTOR TO-18 Leu? end XPX Sim. to BP X 25 and P21. BRAND XEW. Pnll data available. Fully guaranteed. Qty. 1-24 26-90 100 up Price each 49p^^44p 88p 

JUMBO COMPONENT PAKS MIXED ELECTRONIC COM PON EN TE Rzeeptlonallff gvwi value 
Reeletors, capacitore, pota, electrolytic? and coil? plus many other useful item?. Appro Jji- matclv Slbs In weight. Price Incl. P. & P. £1-65 only. 

•2X3819 Sip 2X6458 35p 
F.E.T.'S 

2X3820 55p 2X882 2X5459 44p BFW- 2X3828 3lp MPFllu- 41 p 

POLL RANGE OP ZENER DIODES VOLTAGE RANGE 
2-38V. RiOmV (DO-7 Case! 12p *>A. I l\V |Top- Hai> 18p ea. 10\V (SO-lO Stud) 32p ca. All fully tested 5% tol. and marked. 9l*te voltage required. 

10 amp POTTED 
BRIDGE RECTIFIER 

on haat sink. 
IQOPiV. 93p tach 

HEW LINE 
Phutio Encapraltled 2 Amp. BEIDOB RECTfl. 30 v RMS lOOv RMS 20 Ov RMS 400v RMS l.OOOv RMS Size 10 mm 

S&p each 40p 45D 50o 5Sp X 6 ; 
UNIJUNCTION 

OT46. Eqvt. 2N2646. Eqvt. TI843. BEN3000 SOp each, 25-99 28p 100 UP 82p. 

CADMIUM CELLS 
ORP12 48p 

GENERAL PURPOSE NPN SILICON SWITCH- ING TRANS. TO-18 SIB. TO 2N708/8. BSY- 27/28/95A. A.I.I usable devices no open or short circuite. ALSO AVAIL- ABLE In PXP Sim- to 2X2906, BCY70. When ordeilng please state preference XPX or PXP. 
For 50 For 100 For 500 For 1000 For 

0 55 
1-10 1-92 8 26 14-30 

SIL. GJ. DIODES £p 
300mW 80.. 0 65 40PIV(Mln.) 100.-185 Sub-Min. 500. 5-80 Full Tested :i>00n..9-90 Ideal for Organ Buildcni. 

TRIACS V BOM 2A HA I0A TO-5 TO-66 TO-4ft £p !p 
Mm 33 6& 83 200 55 6C 99 400 77 83 i-21 

DIACS it USE W TRIACS BR100 (D32) 25p 

FREE 
One 60d Pak ol your own choice Itee with orders valued £4 or over. 
BRAND HEW TEXAS GERM. TRANSISTORS 
Coded and gnarantecd 
Pak X'o. EQVT Tl 8 2G3713 8 Dl37'l ft DI21G & 20381T 8 2G3B2T ft 2G.H44B ft 2G345R ft 20378 8 20399A 2X1802 H 20417 AF11 

T4 

Tft T9 T10 

OC76 OC81D 
OCftl ocsa OC44 OC4B OC78 

All 55p each pak. 
2N2060 NPN SIL. DUAL TRANS. CODE D1699 TEXAS. Our ptioe 28p each. 
120 VCR NIXIE DRIVER TRANSISTOR. Sim. BSX'Jl A G407, 2X1698 FULLY TESTED AND CODED XD 120, 1-24 10p each. TO.5 XPX 25 up 17p each. 

t.ninfl. irattablK for P.E. Organ, Metal TO-18 Eqvt. ZXX300 6p each. Any Oty. 
SILICON RECTIFIERS 

Code No's, mentioned above are given a? a guide to the type of device the pak. The device? theruBelve? arc normally uuuiarked. 
A LARGE RANGE OF TECHNICAL BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE 
A,'D B!EE6TOCk! range of electronic components and accessories at 

BEBD FOB FREE LIST. COMPETITIVE PRICES- 

PIV 300mA 750uiA 1 Amp J-5 Ami 3 Amv 10 Amp 30 Amp (DO 7) (SO 16> Plastic (SO 10) (SO 1:) (SO 10) (TO 40) 
50 0 05 0 08 1X4001 005 0-08 0-15 0 21 0-60 100 0 05 0 07 1X4002 006 0 10 0 17 023 0 76 

200 0-06 0-10 I X4003 0 07 012 022 0 25 £1 00 400 0-08 0 18 1X4004 0-08 0 16 0 30 0 38 £135 
600 0-09 0-17 1X4005 0 10 0-18 0-86 0-46 £1-90 
ftoo 012 0 19 1X4006 0-11 0 20 0-38 0 66 £2 10 

1000 014 0 30 1X4007 0-12 0 25 0-48 0-85 £2 60 
1200 0 35 0 30 0 58 0 75 £3 00 All Stud Silicon IIec!itiers an. available in reverse Polarity, i.e., Stud heln g Anode 
When ordering Stud Anode type, please cquest Reverse Type'. 

IS BALDOCK STREET (AID). WARE, HERTS. 
TEL. (STD 0920) 41593. 

OPEN SONDAV-8ATDEDAY 9 a.ra. lo 6.80 pjn., ALL PRICES INCLUDE VAT 
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8N7400 0·18 
8N7401 0·18 
SN7402 0·18 
8N740S 0·18 
8N7404 0·211 
81\""7405 0·211 
81\""7~ 0·88 
811"7407 0·88 
8N7408 0·26 
8N7400 0·26 
8N74t0 D-18 
8N7411 0·211 
8N7412 0·80 
81\'"7413 0·82 
8N"14l8 0·40 
8~7417 0·40 
SN7t20 
8N7422 

o-18 
0·80 

SN742S 0·40 
8!\7425 0·10 
8N7428 0·10 
SN7427 0·40 
f!N7428 0·411 
SN7480 0·18 
8N7432 0·40 
8N7483 0·42 
8N7427 0·45 
8N7488 0·411 
8N7440 0·18 
8N7441 0·74 
8N7442 0·7C 
SN'7448 !1·20 
SN7«4 11·20 
8N7445 !1·88 
BN7«8 11·.20 
8N7447 11·10 
8N7448 11·10 
8N7450 0·18 
8!\7401 0·18 

l 
IJS7458 0·18 0•17 
8!\74~4 0·18 0·17 
8N7480 0·18 0·17 
8N7470 0·32 0•!11 
SN7472 0·32 O·!i 
8!<7473 0·41 0•88 

0·81 Sl\"""1n4 0·41 O•at 
0·81 8~'"7475 0·80 0·58 0·58 
0·211 8!\7476 0'•44 O·C3 O·U 
0·20 BN7480 0·71 0·71 0·64 
0·18 SN7481 ll-30 11·25 11·20 
0·28 8N7482 0·90 0·85 0·80 
0·28 8l\'"7483 11·20 ll·111 11·05 
0·10 8N7464 11·10 11•05 11·00 
0·38 ~,...,485 lt·OO 11·90 11·10 
0·38 SN7488 0·8$ 0·84 0·38 
0·18 SN7489 .M·OO 18·75 18·60 
0·28 SN7490 0 ·14 0·71 0·64 
0·28 81'"7491 IHO tl·05 ll·OO 
0·38 SN7492 0·74 0 ·71 0 ·61 
0·88 SN14~ 0·'14 0·71 0·64 
0·88 Sl\'74114 0·85 0·38 0-7$ 
O·CO 8!'17405 0·85 0 ·38 0·75 
0·18 8N7496 0·96 0·88 0·88 
0·36 8N'74100 11·50 11-46 11·40 
0·88 8N"14104 0·70 0·88 0·86 
0·10 Sl\'74105 0·70 0·88 0·86 
0·40 51>"""14107 0·44 0·42 0·40 
0·18 81\""74110 0 ·80 0·111 0·60 
0·61 8N74lll 0·95 0·82 0·90 
O·M 8N74ll8 11·10 11·05 11·00 

!1·10 SN74119 ll·50 IHO ll·Bll 
· !1·10 SN74121 0·60 O·ts 0·45 
ll·90 8N74122 0·88 0·88 O·U 
ll·10 8N7412S 11-$8 11·64 11·60 
11·05 8:-."74141 0·8$ 0·82 0·78 
11·05 Sl\"""1414G 11·58 ll·U 11·60 

0·16 SN741~0 !11·60 12·CO 12·80 
D-18 SN74151 ll·10 11·05 11·00 

UIC46•5X7446 0·55 
UIC48• a X 7448 0·55 
UlC60•12X7460 0·05 
UI3151 ·1~X7451 0·55 
UIC63•1~X7453 0·55 
UIC64•UX7454 0·55 
U1060•12 X74ro 0 55 
UIC70•8X7470 0·58 
UIC72 • 8X7472 0•55 
UIC73•8X7473 0·55 
UIC74 •8X7474 O·U 
UIC78•8X7476 0•55 
UIC80• 5X7CSO 0·55 
UIC81•5x7481 0·55 
UIC8ll• 5X7482 O·U 
mesa-a x7483 0·55 
UIC86• 5X7486 0·55 

100~ 

0·48 O·foll 
0·81 0·29 
0·85 0·80 
O·C3 0·10 
0·38 0·85 
0·48 0·40 
O·M 0·84 
o·ae 0·84 
O·U 0·10 
O·foll 0·40 
O·foll 0·40 
0·70 0·60 
O·N 0·90 

DTL 930 SERIES 
LOGICI.C'o 
'l'ype 
Bl'!l30 
81'1132 
81'9.13 
BP936 
BP&36 
I!P944 
B~5 
B~6 
81'1148 
Bl'9f1 
81'862 
81'11093 
81'11094 
BP9097 
81'9099 

1 25 
0·111 O·H 
0·18 0·111 
0•18 0·15 
G-18 O·U 
0•18 O·U 
0·18 D-15 
0·80 0·28 
0·15 0·14 
0·80 0·28 
0·70 0·85 

11·80 11·70 
0·28 0·84 
0·33 0·34 
0·63 0·40 

0·111 O·lt 
O·foll 0·42 
O·foll 0·43 
O·foll 0·43 
O·foll 0·43 

BI-PAK 

TRANSFORMERS 
T4&l (Uoe vlth ALlO) &1·80 P. It P. 16p. 
T636CUoo"lrith"AL20 It .AlJ3{)) 12·30 P. & P. J~p. 
BHTSO {l]oe wit.h AL60) 12·75 P. & P. 25p 

POWER SUPPLIES 
P812. {l]oe1rith .ALlO, .AL20 It ALSO) 88» 
SPK 60. W18 with AL60) £N15 

81S74153 
8!\74154 11-88 
8N"141M 11-20 
BN74168 11·20 
8"'"74157 11·20 
8!\74160 11·'111 
8N74161 ll·?ll 
8Y74162 11-'73 
8N"14163 ll·?a 
8!\74164 !11·.20 
BN"14165 12·20 
SN74t68 !11·85 
8N74174 U·OO 
8N74175 ll·IO 
81\74175 11·to 
8N74177 11·to 
SN74180 11-84 
8N74181 14·00 
8N7USZ 11·60 
8N"14184 U-40 
BN74190 U ·l5 
8N74191 12·111 
SN74192 12·111 
8N7419S !11·16 
8N74194 11·90 
8~'"74105 11·80 
81\74186 11·78 
8.N74197 Sl-78 
SN74198 18·45 
8.N74199 18·10 

11·15 
11:15 
11-15 
ll·70 
ll·70 
ll·70 
11·70 
!11·10 
!11·10 
12·80 
lt-84 11·90 
11-31 ll·80 
11·55 ll·60 
11·55 ll·60 
11·55 tHO 
IHO 14·00 
ll·45 ll·40 
12-10 !11·20 
12·10 12·00 
12·10 !11·00 

• 12·10 12·00 
12·10 12·00 
11·80 11-70 
ll·60 11·10 
ll·'10 11·85 
11-'10 11·05 
18·35 18·20 
18·00 12·90 

qo&llly 

NOW WE GIVE YOU 50w PEAK (25w· 
R.M.S.}PLUSTHERMAL PROTECTION r 
The NEW AL60 Hi-Fi Audio Amplifier 
FOR ONLY £3.95 
• ..,. Real 8I.Dk temp. 90'0. 

• ~DeDOJ' a-QM 20Ba 
to lOOltlls 

e ~=·better thou 0.1%. 

• S.PPIJ -rolloc• 111-60 tolbl 

e Thermal Peeclbcll: 

e Laleot Dafp Impro...,.enla 

e Lot.d-8, 4, 8 or 18 obii1JI 
e Signal· to D<lise mUo 80<18 

e On..U liu 88mm >< 
105mm •• 13mm 

Eopeclally deo!SJ>t<l to a otrtct opecilkatloo. Onl7 tllo ftnelt compo­

nent. have ~n ueed and the la,tett solid a-tate clrcuitq Incorporated 
iu tbl.s powerful mtte ampltfter which e:hoold Mt.J.aty the m011t cdtical 
.A.P. eothusiatt . 

STABILISED POWER 
MODULE SPMBO 

£3·25 
8Pm80 .. apedally dNigued lo power 2 of tile A! L60 Ampi!Atn, QP to 
15 wMt (t.m..o.l per cbannel oimulla.oeouoly. Tblo "mOdulo em bod!<. t.be 

I• toot coa>ponento ODd clrclrlt toeboiq'leo lnco<'I'Ot ollng eomplet.o lhorl 
ctrcu.tt protection. With the addition of the Ma.IM Tranaformor BmT80 
ttl& unit will pro~lde output. of up to I·IS aropa At 36 v.ott.. 81.u: 
63 .mm X 10.5 mm X 20 m.m. 1'he.e unite e4Abl~ you to o.J.Id. AudiO 
8)'1tema of t.he b!Jb~ quo.llty at • blt.herto WlO btain&ble prlco. Aloo 

~'f,.::~~~~~~~~~~o:.'*-. Pul>Uc 

TRANSFORMER BMTBD £2·15 . & 

74 Series STEREO PRE-AMPLIFIER 
TYPE PA100 tor tl>o 

booklet 

and ;ret atllt tbe greate.a.t v•luc on. the mlltfket. 
oooceived from the IaWt circuit tcchntQu.oa.. 

ampUdu ll)'>l.tm. tbh quallt)> modo unit 

II;~~~,;· c;_·_-c"-'""""·"·:-·.-·-·· ... ·~~ro=:: woof Lbete are spcc::lt.lq 

,-ilr&it:E<;iM.Oii'o·;swi~,a:::!c:U~':n:oreJr~:~n:!ot;:; 

SPECIFICATION: 
FreQu<!>C7- 20Ez--20tlb ±ldll 
Ba<toonlo dlttortlon bettn t.h&n 0·1% 
Inpoto> 1. Tape head 3·25mV lut.o 50 !CO 

2. Radio, Tuuor 76mV lnlo 50KO 
3. l(agnetl<: P. U. 3m V lnlo OO!Ul 

Alll'npo:t volta; a: are for an output of 260tn. V. 
Tape and P.U. lnpnto ~-to IUAA como 
- ± ldll fnmi20Ba to 20kHz. 

MK 60 AUDIO KIT 

Baaioccmt.ol 
Treble...,trol 
l'llte,.: Rumble (blgl> paa) 

Scrat.ch{lowJ)UO) 
Slgnalfnoleo tt.t.lo 
loput overloa.d. 
S upply -

::i::l6<1B .. 20Ba 
:f:l6clli &L20Uis 
100 liz 
8kHz 
bett;,r tl>•n + ~dll 
+26dll 
+W volta &L 20mA. 
292X82X36 mm 

I only £13·15 
Comprftlnc: ~x.AL60, lx8PM80,1 xBTMSO, lxPA \00, l frontpanel, lkitof~ tolnclud$Otl•Oflswitcb, 

noon IJ1dlcator, ~ l>eo4pbone ooc:lteto pha inmoetlon bootleto. Complete l'rte<>4: 128•75 ploo SOp postage, 

TEAK 60 AUDIO KIT 
CompriJJnc: Tct.k veneered cabinet •iz:e 161 .. xlll' X st•, otber p&rilt Include ahunJalw:n chaaalt, heat.alnk and 

front panel b~ket, plt1.1 book panel and appropria.to lockets etc. Kit price: •9·95 plus SOp portage. 

ALIOJAUOJAL30 AUDIO AMPLIFIER 

Puamtlu 

liA"RlllOJ>"J.O DISTORTION 

LOAD IMPEDANCE 

L'l"PUT IliPED.~ .. .'~CD 

FllEQJ;ESCY R£8PO~"SE:!:: ll<IB 

SEN81.TII/lTY for "RAT.I!JD 0~ 

DDUlNSIONS 

MODULES 
'Tho ALl O, .AL20 and ALSO Dlrlta ~"' 
Rlrnllar lo their ~p~oe Md in their 
aeneral s])eC:iftcaUo.o. Ro•·evor. careful 
aclectlon of lhe pi..Ue power dc'"i~ hM 
rwuUed in a ran.te. of output pOrtrs frOm 
3 to 10 ,..-ll.¥.8. 
Th• vensatitlty ot their dt~jfgn makes theot 
Ideal lor usc Jn rtOOrd p!ayen, tap6 recordert, 
al~reo amplifter• and CU!!Ct..t.& mtd cartridge 
t.a.J)C pla.yet& In tho car Nld at home. 

Conditions Ptdorm&llce 

Po- 3 WilTS 1- 1KHz 0·23% 

- $-16{1 

l=lKlh 100kfi 

Po=2WATT8 60 Il&-2~KRz 

Vo=2~V. Rl=SO f • 1Kllz 76mV, JUdS· 

- a•x z t • x1' 

Tho obove ~ble ...W.O. to the .ALlO. AL20 and AL30 mcdol;o. The followlllll table 

outllnca t.be dlttertnceeln Uleir worklng condlr.lon.t. 

Parameter 

lf&:rlmum Supply Vol~e 

Power a utuut fur~% T • .H.D. 
(RL~ ~n f=l Kli•l 

Frequenoy~ 
20B% 60KHz. (-3dB 

Bae. cont.rol-
:l:: 12dB at 5011 

TTCblt oontrol­
±14dlhU4XJU 

•tnput l.linpedaru:e 
1lleg. ohm 

Se,.ltlvlty 300m v 
f ln1mt 2. lmped.a.nce 

3ll K obma 
SentiUvlty 4mV 

PRICII 

AL10 

~ 

3ntto 
RMB.llln. 

£2-50 

• A.L20 ALSO 

3ll so 
6ntto lOwattt 
Rllll! M.Jn. Rllll!illln. 

£2-85 tl-20 

FRONT PANELS FP12 GOp 
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-the /owesf prices 

74 Series T.T.L. I.C'S 
BI-PAK STILL LOWEST IB PBICS FULL araOHlOAWOB 

QTJAEABTBED, ALL PAHOOS MABDFAOIDBBBS (# 

8N7400 SN7401 aN7402 8N7408 8N7404 SN7405 SN7406 SN7407 8N7408 SN7409 SN7410 8N7411 8N7412 8N741S SN7416 SN7417 8S7420 8N7422 8N7423 8N7426 S'N7426 SN7427 SN7428 8N7430 SN7432 8N7433 SN7437 SN7488 8N7440 8N7441 8N7442 8N7443 SN7444 SN7445 8N744B SN7447 8^ 7448 8X7460 8X7401 

018 018 018 018 0-22 022 0 39 0-80 0-26 0-25 018 0-28 0-30 0-82 040 0-40 018 oao 040 0-40 0 40 0-40 04fi 0-18 0-40 0 42 0-46 OAS 018 07* 0-74 11-80 11-20 11-98 11-20 1110 12 10 018 018 

25 100+ 1 25 100 + 
0-17 016 SN7453 018 0-17 0-18 
0-17 0-18 8N7454 0-28 017 0-16 
0-17 016 8N7460 0-28 0-17 0-16 
0-17 016 8N7470 0-32 0-29 0 27 
0-21 0-20 8S7472 0-32 029 0 27 
0-2X 0-20 aN7473 0-41 0 89 0-85 
0-34 0-81 8N7474 0-42 0 89 0-35 
0-34 0-31 8N7476 0 60 0-58 0-56 
0-24 023 8N7476 0-44 0-43 0 42 
0-24 0-23 SN7480 0-74 0-71 0-64 
0-17 0-16 SN7481 42-30 41-25 42-20 
0 27 0 26 SN7482 0-90 0-85 0 80 
0-29 0-28 8N7483 £1-20 11-26 4105 
0 31 0-30 8K7484 £2-20 4105 41 00 
0 89 038 8N748B £200 41-90 41-80 
0-89 0-38 8117486 0-85 0-34 0-38 
0 17 0-10 SN7489 44 00 43-75 43-50 
0-29 0-28 SN740O 0-74 0-72 0-64 
0-39 0-38 8N7491 £1-20 £105 £1-00 
0-39 0-38 3N7492 0-74 0-72 0-64 
0-38 0-36 8N7493 0-74 0-71 084 
0-33 0 36 8N7494 0-86 0 82 0-75 
0-42 0 40 SN7495 0-86 0 82 0-75 
0-17 016 8N7496 0 96 0-98 0-86 
0-38 0 36 8N74100 £1 50 41-45 £1-40 
0-40 0-88 8S74104 0 70 0-68 0 66 
0-42 0 40 8N74106 0-70 0-68 0-66 
0-42 0 40 8N74107 0-44 0-42 0-40 
0-17 0-18 8N74H0 0 60 0-66 0-60 
0-71 0-64 SN74111 0-95 0 92 0-90 
0-71 0-64 aN74ll8 £1-10 £2-05 £1-00 

£1-16 £1-10 8N74119 42-60 41-40 £1-30 
£2-16 £1-10 SS74121 0-50 0-48 0-46 
£1-95 11-90 8N74122 088 0 86 0-84 
£1-16 £110 8N74123 11-58 4154 £1-50 
£1-07 £105 8N74141 0-66 0-82 0-79 
£1 07 41-06 SN74146 41-58 41-54 £1 60 

0-17 016 8N74160 42-50 £2-40 42 30 
017 0-18 SN74151 41-10 41-05 4100 

8X74153 8N74154 8X74150 8N74156 8X74157 8X74160 8X74161 8N74162 SN74163 8X74164 8X74165 8X74166 
8X74174 
8X74176 
8X74X76 
8X74177 
8X74180 
8X74181 
8X74182 
8X74184 
8X74190 
8X74191 
8X74192 
8X74193 
8X74194 
8X74196 
8X74196 
8X74197 
8X74198 
8X74)99 

1 95 
41-20 11-10 41-98 £1-90 £1-20 41-15 £2-20 £1-16 
£2 20 11-26 £173 41-70 41-73 41-70 
4173 41-70 
41-73 42-70 42-20 42-10 £2-20 £2-10 
42-86 42 30 
43 00 1105 
41-40 41-36 
£1 60 41-55 
41-00 41-66 
41-60 £1-56 
1500 44-60 
fl-BO £1-45 
42 40 «2 80 
42-15 42-10 
42-16 12-10 
42-16 £2-10 
42-16 £2-10 
£1-90 £1-80 
41-00 41 60 
£1-76 4170 
£1-78 £1-70 
43-45 £3-35 
43-10 £3 00 

100 + M 00 91-76 91-10 11-10 £1 10 11-66 11-66 11-65 11-66 12-00 2200 12-26 
11-90 
11-30 
11-60 
11-60 
11-60 
£4-00 
11-40 
12-20 
12-00 
12 00 
1200 
£2-00 
11-70 
11-40 
11-86 
11-65 
18-20 
12 90 

Devices may be mixed to qualify for quantity price. (TTL 74 Sencs only) daw Is available for the above jeries of I.C.'a io booklet form. Price 85p.    

iJdi^Fvmctioual and Part-Punctlonal Vrtt* These ■pec'jromjhe maker's vejy rigid epedfialloxuubotareldeal lor^earalxig aboutl^andc^enmenWiwg*. Pak Ho. Contsnts 
xnco0'-12±7400 171001=12X7401 mC02=12 x 7402 UIC03 = 12x7403 U1C04 = 12 x 7404 UIC06=12x7405 UIC06=8X7406 
DIC07=8X7407 D1C10—12x7410 DIC20=12x7420 01030=12 X 7430 01040=12 X 7440 01041-5 x 7441 OIC42-5x7442 OIC43-6X7448 01044=5 X 7444 01045=5X7446 

Price 
0 66 0-56 0-65 0-56 0-66 0U 0-56 066 0 66 0-66 0-66 0 66 0 66 0-86 0 56 0 66 0-66 

Psk No. Conlsnti 
01046=6X7446 OlC48 = 6 X 7448 01050=12 X 7450 01361=12 x 7461 01063=12 X 7463 DIC54=12 X 7454 OICCO™ 12X74G0 01070 = 8 x 7470 01072 =8x 7472 U1C73=8X7473 U1C74=8X7474 T7IC76-8X7476 UIC80 =5 x 7480 UIC81 = 6X7481 01082 = 6 X 7482 01083-6x7483 UIC88=Bx7486 

Price 
0-66 0-65 0-65 0-56 0-56 0-65 066 0-&5 066 0-66 0 65 0 65 066 0 66 0-56 0-66 0 66 

Psk Ho. Contents 
01090 = 6x7490 0 65 01C91-6X7491 0-66 01092 = 5X7492 0-55 01093=5 x 7493 0-65 01094= 6 X 7494 0-66 01095 = 5 X 7495 O-M OIC96-5X7496 OM 010100 =6 x 74100 0-66 010121=6X74121 0 66 OIC141-5X74141 0-64 01C151-5X74161 0 65 010154=6x74164 0-66 010198=6x74193 0-66 OIC109 = 5 X 74199 0-66 010X1=25 Assorted 74'fl 1-66 
Packs cannot be epllt, but 25 assorted pieces (our mix) Is available m PAR QIC XI. 

Type So. 72702 72709P 72709 72710 72741 727410 72741P 72748P SL201O 807010 8L702C TAA263 TAA29S TAA850A WA703C 11A709C UA711 ZN414 TBASOO 

.C.'s—FULL SPEC Case 1 25 100- DTL 930 SERIES D1L DLL 14 8 0-50 0 33 0-48 0-81 0 48 0-29 LOGIC .C'9 
DLL 14 0 35 0 83 0 80 Type 1 25 100 + 
DIL 14 0 45 0-43 0 40 BP930 0 15 014 0-13 
D1L 14 0 40 0-38 0-35 BP982 0-16 026 0-14 
TO-5 8 0-45 0-43 0-40 BP933 0-18 0-15 0 14 
DLL 8 0-38 0-36 0 34 BP935 010 0-16 0-14 
IHL 8 0-33 0-80 0-84 BP936 0-10 016 0-14 
TO-5 8 0 50 0-45 0 40 BP944 0-16 0-16 0-14 
TO-o 8 0 60 0 45 0-40 BP945 0-30 0-28 0-26 
TO-5 8 0-60 0-45 0-40 BP946 015 0 14 0-13 
TO-72 4 0 80 0 70 0 60 BP948 0-30 0 28 0-26 
TO-74 10 £1 00 0 95 0 90 BP951 0-70 0 65 0-60 
TO-5 10 41-85 £1-80 £1 70 BP962 0-lfi 0-14 013 
TO-5 6 0-28 0-26 0-24 BP9093 OAS 0 43 0-40 
TO-5 8 0-35 0-33 0-30 BP9094 0 46 0-43 0-40 
TO-5 10 0-45 0 43 0 40 BP9097 0-45 0 48 040 TO-18 4 4120 BP9099 0-45 0-43 0 40 
DIL 14 11-60 — — 

3 TERMINAL POSITIVE 
VOLTAGE REGULATORS TO,3 Plastic Bncapflulatlon MA7805/L129 5V (Equv. to MVR6) £1-76 UA78I2/L130 12V (Equv. to MVR12V) II 76 UA7S15/L131 16V (Equv. to MVR15V) il-76 
ED5B 3166 TRIPLE 66 BIT DYHAMIC SHIFT REGISTER TTL Compatible. Low Clock Capacitance. High Speed Diode Protected Inputs Wired 'OR* Capability SPECIFlCATlOfT SHEET AVAILABLE 12.60 

TEAK VENEERED 
CABINET for: 

STEREO 20 
TC 20. £3.95 p&p 30p 

Loudsptsker Syafsm Enclosura kit In Wak vanear, includino spo«K»r». Rec. retail price £43.50 per pr. OUR SPECIAL PRICE £30 per pair P.* P. £1. ONLY WHILE STOCI ■ * —* STOCKS LASTI 

BI-PAK 
CATMOGUE & LISTS 
Sand S.A.E. and IQp 

NOW WE GIVE YOU 50w PEAK {25w 
R.M.S.)P/.£/STHERMAL PROTECTION! 
The NEW AL60 Hi-Fi Audio Amplifier 
FOR ONLY £3.95 

i Thermal Feedback 
i Latest Design Improvement* 
i Load—3, 4, 8 or 18 ohms 
i Signal-to noise ratio 80dB 
i Overall slse e3mm x: 105mm .. 13mm 

Especially designed to a strict Bpeciflcalion. Only the flneat compo- nenta have been used and the latest solid etate circuitry incorporate! lu this powerful little amplifier which should raUsly the most critical A.P. cnthuaiaet. 
FULLY BUILT—TESTED and GUARANTEED 

i Max Heal Sink temp. DO'C. 
i Freqaenoy Eeiponie 20Ht to IDOKSi 
i Distortion better than 0,1% . atlBHa 
i Supply rollage 16-60 volts 

STABILISED POWER £3 25 
MODULE SPM80 

3Pm80 la eapcclally designed to power 2 of the AL60 Ampllfleni, op bo 16 watt (r.m.s.) per channel simullAncoualy. This module embodies the latest components and circuit techniques incorporating complex short circuit protection. With the addition of the Mains Transformer BmT80, 
the unit will provide outputs of up to 1-6 amps at 36 volts. Size; 63 mm x 105 mm x 20 mm. These unite enable you to iwlld Audio Syatcma of the highest quality at a hitherto unobtainable price. Also Ideal for many other applications including: 1>jpco Syrtems, Public Address, Intercom Dnita, etc. Handbook available. lOp. 

TRANSFORMER BMT8D £215 p. & p. 25p 

STEREO PRE AMPLIFIER 
TYPE PA100 

oum lo a nwcUoaUon and NOT a prtce. and jet Kill the gBatert -raluc on lie mjiftrt, the PA100 stereo pre-ampllfler has been conceived from the latest circuit tcclmlqueB. Designed for use with the AL60 power amplifier system, this quality made unit Incorporates no less than eight silicon planar traiuristore, two of these are specially 
selected low noise NPN devices for use In the input stages. Three switched stereo inputs, and ramble and scratch filters are icatures of the PA100, which also has a aTKttEO/MONO switch, volume, balance and coutinuoualy variable bass and treble controls. 
SPECIFICATION: 
Frequency response 20Hz—20kHz ±ldB Harmonic distortion better than 0-1% Inputs: 1. Tape head 3-26mV into 60K£2 2. Radio, Tuner 75mV Into 60Kn 3. Magnetic P-D. SmV into 50K£J All Input voltages are for an output of 250mV. Tape and P.U. Inputs equalised to RIAA enrre within ±ldB from 30Hz to 20kHz.  

Baas control Treble control Filters: Rumble (high pass) Scratch (low paw) Signal/noise ratio Input overload Supply Dimensions 

4-15dB at 20Hz -tlBdB at 20kHji 100 Hz flkHz better than +66dB 
+26dB +35 volts at 20mA 292 X 82 X 35 mm 

"| only £13-15 

DUAL-IN-LINE 
SOCKETS   
14 ft 16 Lead Sockets for use with DUAL-IN-LINE I.C's. TWO Ranges PROPBB8IONAL ft NEW LOW COST. PROP. TYPE No. 1-24 26-99 lOOup 
555 i.e. 65p each 

MK 60 AUDIO KIT 

TEAK 60 AUDIO KIT t , 

LOW COST No. BPS 14 „ .. BPS 10 „ „ BPS S pin type 
18p 17p 15d 

14p 15p 13d 
12p 13p 
UP 

NUMERICAL 
INDICATOR TUBES Type Description 3015P SOnitron 7 Segment Indlcstor .. 41 MAN 351 L.E.D. 7 Segment Display 0.127* High Characters ,. .. 41 CD 66 Side Viewing 'Nixie Type' Tube 16 mm. £1 OR 116 Side Mewing 'Nlxle 
 Typc' Tube 13 mrn. 41 

The STEREO 20 
The 'Stereo 20' amplifier is mounted, ready wired and tested on a one-piece chassis measuring 20 cm. x 14 cm. x 0-5 cm. This compact unit comes complete with on/off switch volume control, balance, boss and treble control a. Trans- former, Power supply and Power amps. Attractively printed front panel and match- ing control knobs. The 'Stereo 20 has bceu% designed to fit into most turntable pllntha' without ihterfcring with the mcchaaiam or, alternatively, into a separate cabinet. Output power 20w peak. Input 1 (Ccr. 300mV into 1M. Freq. res. 26Hz-26kHz. Input 2 (Anx.) 4mV into 30K. Harmonic diaforllon. Bass control ±12dB at 6OH2 _ _ . . _ typically 0-25% at 1 watt. Treble con.A 14 ± 14dB at 14kHz. ' * " 

ALI0/AL20/AL30 AUDIO AMPLIFIER 
MODULES 

The ALII), AL20 Mid AL30 milla are flinular in their appearance and In their general Bpeciflcation. However, careful selection of the plastic power device has reBUltcd in a range of output powers from 8 to 10 watts R.M.S. The versatility of their design makes them ideal for use lu record players, tape recorders, stereo amplifiers and cassette and cartridge tape players In the car and at home. 

8HP80 STEREO HEADPHONES, 4-16 ohms Impedance. Frequency response 20 to 20,000 Hz Stereo/mono switch and volnmc controls £4.95 

TRANSFORMERS 
T461 (Use with ALIO) £1-60 P- & P- IBp- T688(Use with AL20 ft ALSO) £2'30 P. ft P.16p. BMT80 (Use with AL60) £2-75 P. ft P- 25P 

POWER SUPPLIES PS 12. (Use with AL10, AL20 & AL30) 8PM 80. (Use with ALC0) S sap 8 25 

Parameter Conditions Perfortoance 
HARMONIC DISTORTION Po - 3 WATTS f-lKHz 0-25% 
LOAD IMPEDANCE 8-lfia 
INPUT IMPEDANCE f=IKHz 100 kn 
FREQUENCY RESPONSE ± 3dB Po = 2 WATTS 60 Hz-25KHa 
SENSITIVITY for RATED O/P V8=26V. Rl=8n f = lKH2 75mV. RMS- 
DIMENSIONS 3r X2J' X1* 

The alMwe table relates to the ALIO. AL90 and ALSO modules. The following Uble 
outlines the differences in iheir working conditions. 

Parameter AL10 AL20 ALSO 
Maximum Supply Voltage 25 30 30 
Power cutout for 2% T.H.D. S watte 5 watte 10 watts 

(RL=0fl i=l KHz) RMS MJn. RMS Min. RMS Mln. 
PRICE £2-50 £2-85 £3-20 

PA 12. PRE-AMPLIFIER SPECIFICATION 
The PA 12 pre-ampllfier has been designed to match into moit budget stereo syetcniB. It is compatible with the. AL 10, AL 20 and AL 30 audio power ampliflcra and it can be supplied from their associated power supplies. There arc two stereo inputs, one has bfeen designed for use with •Ceramic cartridge while the auxiliary input will suit most tHagnetlc cartridges. Pull details are eiven in the Bpeclfication table. The four PRICE controls arc. from left to right: r Volume and on/off switch, balance, ^ <1 Og bass and treble. Size 152mm X J.fc* kjO 84mm X S6rora 

FRONT PANELS FP12 SOp 

Frequency rcaponse— 20Hz-D0KHz <—3dB Bass control— ± 12dl5 at 60H Treble control— ±14dB at 14KlIz •Input 1. Impedance 1 Meg. ohm Sensitivity 300mV tInput 2. Impedance 30 K ohms Seneitivlty 4mV 

BI-PAK 
P.O. BOX 6, WARE • HERTS 

PottJje and pack/no add 15p, Ovt'seas add er/ra for tdrmatl Ai..'iimu'T> order 55p, Coi" with order picoic 
Guaranteed Satisfaction or Money Back 



a84 

TRANSISTO 
Typo Prke ( £J Typo 
AC107 O·U BCI18 
ACI17 I ·M BCI25 
AC12S 1'25 BC125B 
AC127 1 ·25 BCI2S 
AC12S t.ZS BC11l2 
ACI41 Ht BC134 
ACWK t ·Z1 BCIM 
AC142K 0·1t BCIJG 
ACISI 0·24 BC137 
ACIS2 0>25 BC138 
AC153K 0·2t BCt42 
ACIM 0·20 BCI43 
ACI78 0·25 BCI478 
AC187 t ·li BC148 
AC187K t·%5 BC149 
AC188 1·25 BCI52 
AC188K 0·2t BC153 
AC183K NO BC154 
AC104K t ·32 BCI57 
AC728 t·25 BC158 
ACY88 1· .. BC159 
ADI40 l ·st BCIII1 
AD142 1 ·52 BC187B 
AD143 1 ·51 BCI !ISB 
ADI48 l·st BC159C 
ADt81 t 41 BC110 
ADIS2 I.U BC171 
AF11' 1'25 BC112 
AF115 I •ZS BC173 
AF118 0·25 BC178 
A F117 t ·2t BCI77 
AFI18 t ·st 8C178 
Afl21 I ·Jt 8CI78B 
AF124 1·25 8C179 
Afi2S t ·2t 8C1798 
AF12S O·ZO 8C182l 
AFI27 O·ZO 8CI83 
AF139 0·25 BC183K 
AFI47 0·3$ BC183L 
AF149 0·45 BC1S.CL 
AFI78 O·SS 8CI88 
AFI78 1 · .. BC187 
AF180 I ·SS 8C208 
AF181 l ·st 8C212L 
AF188 1·41 8C213l 
AF238 .41 8C214L 
Af278 1·14 8C231 
ALIOO HI 8C281 A 
AL102 HI BC2S2A 
ALI03 t-11 8C283B 
ALI13 l ·ts 8C287 
AU103 1·41 BC2!18C 
AUI10 t •tl BC204 
AU113 t-71 BC300 
BCI07 1·12 8C301 
8CI07A 1·13 8C303 
BCI078 t ·l4 8C307B 
8CI08 1·12 BC308A 
8C1088 1·13 8C308 
8CI08C 1·14 BC323 
BCIOO 0•13 BC377 
BCIOOC 1·14 8C441 
BC113 0·13 BC481 
BC114 t ·2t 8CY38 
BC115 o-20 BCY42 
8CI18 0·2t 8CY 71 
8CI17 1 ·2t BCY88 

HART ELECTRONICS 
Audio Kit Specialists since 1961 

BAIUY/BURRDWS/QUILTER PRE AMP This is 1M tone control section of the best 
pre ... mp kit currently available. Consider th• edVantaga:-•First quafity fibreglas.s 
ponted drc~.uu W'ith roHer tinned finish and all component locations printed on reverse. 
•Low noil8 carbon film aDd metal firm re$i$tOrt throughout. •Finest quality t()w .. noi$G 

~:.'r!taC::i~' .s;:c~r·=;;rr~ks .~ :!'~~ng et;!,~:n:O~~ta-v:!11e~~::e~u'~~ 
•Controls. switch&$ and input socket$ mount direCtly on the boards to TOTAlLY 

~~~~1sA~CXJ~!ri~e;ly ~~~~~;~ ~0th:~~o.of~:ef::h~'f;P~~~~~~~~ift"~a~! 
towlro thom up II) 
*We lncorporam the Quilter modificadon which is most Important as it reduces dis!ortion 
and lncrouos the bes.s end trebSe control range. 

~~n~8~o ~::t8~~0~ar~~e~~r~h J!':d '?n"8m~~trg!h~~i~~:II~~'Jo~~mt~~~Y~,i-'~Z8~ 
metulwork which it is dosigood to fit . 
METALWORK AND WOODEN CASES Thoso huve been uOOer review for some time; 
ploaso send tor latest informatkM"l. 
F.M. TUNER This latest addition to our range is deslgnod to offat tha best possible 

c~:knee: ;::~ c!~. u: ::OS: e0~e~~'=ntt~~~o: ~~ ~·~:w ~~.:~r:e ~ 
COils to wind. no RF circuits to Mre 8nd no alt9nmont 1s required. in fact the whokl unit 
can be eaalJy complct6d and working in an ewn1nv 1Ut there are only 3 transistors. one IC 
enct two ready buitt Jnd aligned moc::tu..,s comptislng the active components. Wo have 
abandoned the concept of having e tune~ u large at the emplifier end ttMs new unit has a 
frontal sl:. of onty 1 t in. X 4 in. It can be moutued on the side of oor 8a.iJey ampfifier 
metalwork thus turning rt into a tuner/amplifier whilst ontv Increasing its width by 1 t in. 
Colt of tu:ner ch•"'$ Coo eue) is £Z2 for mono. £21A5 for stcroo. Motal case £2..55. 
An extended wooden ease to fit tune.- at'KS amp(lfier wilf be offered short.ty. 
STUART TAPE CIRCUITS Our printed cireuia and components offer the easy way to 

~.;!~ ~r. ':t:Jt&~~n~~"~tt: a:t r~::, ~;:'~,,~~h b~:~:!~1~ i:::r-~n:ee:s~'We ~~ 
otfor tape heads as well il you want new one a. 
AU above kits havo fibtegtass PCB"s. Price.s exclude VAT but P&P is included. 
FURTHER INFORMATION ON ALL KITS FREE If you • - uta 9 ;,. X 4 in. SA.E. 
REPRINTS Post free. no VAT. 8aik>y 30W 18p. 
STUART TAPE RECORDER All 3 articles under ono covor ~. 
BAILEY/BURROWS/QUILTER Preamp circuits. leyoute aod anombly notes 16p.· 
All pr/cq$ oxcludo VAT. 

Penylan Mill, Oswestry, Salop 
Petsonat eaUers are atways welcome. but ptou• note we are doHd all day Saturday 
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ISTORS, TRIACS AND TRIACS 
WITH TRIGGER 

VRM: SOV 
10/-/­
- /- /-
26/-1-
29/-1-
31/-/-
36/-/­_,_,_ 

IOOV 
U/26/17 
-/U/30 
30/-/-
33/44/46 
38/50/51 
41/60/63 
-/ln/90 

200V 
15/U/30 
-/34/36 
38/-/-
42/56/58 
47/64/61 
51(14(18 
-/88/95 

-400V 
35/38/40 
-/50/51 

60/-/-
68/80/84 
75/92/'¥1 
84/104/109 
-/132/140 

600V 
45/51/55 
- /66(10 
75(-1-

80{ 00/105 
90/114/110 
100/118/13 
-/175/185 

All prices are in penco per unit. First price in each a:roup is 
second is triac, third is triac with trig,er. Encapsulation 

current ratinc and device type. Connection data supplied 
device. Quantity e nquiries welcomed. 

Typo Prlc• ( £) 
CA3045 t·tt 
CA.3048 HI 
CA3065 1·tt 
MC1307P l·tt 
MC1310P 2·14 
MC1327PQ 

H1 
MCf380P 1·7a 
MC1351P 1·75 
MCIMZP 1·72 
MC1MSPQ 

t-15 
MC1498l 1·11 
MC3051P t ·51 
MFC.COOOIIo-43 
MFC4060A 

1·78 
MFC6040 l·tl 
PA283 l·tt 
SU14A 1·t1 
SlllOIA Z·A 
SL~7B 3·11 
SN78003N 2·12 
SN7e013NI~ 
SN7e013ND 

1·72 
SN76023NO 

f•72 
SN71!023N t·ts 
SN76033N Z·t2 
TAA300 1·41 
TAA320 1·14 
TAA350 t ·st 
TAA435 1·15 
TAA-150 1 ·15 
TAA550 8·41 
TAA570 t·38 
TAA611 1·13 
T AAGSOQ 3·2t 

Type Prk• (£! 
T AAGSOS I 'ZI 
TAA100 3·Jt 
TAAa.cO 1·14 
TAA881A 

1·41 
TAD100 t-42 
TBA120 , ... 

THIS MONTH'S SPECIAL OFFERS: 
Bourns mo<lel 3600 Knobpou fin. 
dia. Ten Tu.m pre.;ision pots Skn 
Resolution 0.023"/o Manufacturer's 
1000+ price is £5.58 Our price for 
ONE £4.05 
Morcanite lfin. 20-curn cermet 
trimmer 100 n, I k, 2kl, 2Sk (type 80) 
S1p each 
8 " 5 in, 15!:1 loudspeakers-ferrite 
ma,nec 52p ..ach 

+=~~~~::::I----------------
TBA480Q I ·M 
TBA500 I ·H 
TBA500QZ·It 
TBA510 1·H 
TBAS20Q Z·72 
TBAGSO 1·11 
TBA530Q I ·H 
TIIA540 HI 
TBA5400 2·21 
TBA$5003-It 
TBA5110C 2·71 
T8A540CQ 

2·72 
T8AS10 1-17 
T8AI41 1·71 
TBA873 l ·tt 
TBA100 , ... 
T8A 720Q 2·2t 
TBA 7SOQ t-54 
TBA800 1 ·75 
TBA810AS 

t •75 
TBAezoQ 3·21 

NS 
TBAmQHt 
TBA~ 3·2t 
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ZN414 1·20 

' u&AH$1592·52 

PLEASE ADD 8% FOR V.A.T. 
P. & P.: U.K. £0·01 PER ORDER 
OVERSEAS AIR MAIL: AT COST 
All items advertised ex-stock on 
ma, uine c.opy date. All prices subject 
to availability. Our new catalocue Is 
now available at 30p (refundable). 

EAST 
CORNWALL 
COMPONENTS 
CALLINGTON, 
CORNWALL, PLI7 8PZ 
Telephon•: Stoke Climoland 
(05197) 439. Telex: 45457 A/B 
MERCURY CALGTON. 

Phoenix 
Electronics 
(Portsmouth) Ltd. 
139-141 Havant Road. 
Drayton, Portsmouth. Hants P06 2AA 

Full member of AFDEC-the industry's association of 
franchised electronic component distributors. 

Our prices include VAT at the current rate-and carriage 
on all goods is free. 

Send for our catalogue and price list-we'll mail that to 
you free. too. 

THIS MONTH'S BARGAIN OFFER­
Professional soldering kit. 25w iron, 
spare tips, tool and solder. together 
with 1 0 X BC208. 2 X W02 bridges. 
and 2 X PP3055 Plastic Power 
transistors. 
BARGAIN PACK PEP2-£4.30 

Please send your catalogue-free! 

Name 

Address .......... ......................... ......... . . 
................................................. .. .. wwo2 
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TRANSISTORS BD115 0 65 BF273 0 16 Type Price (£\ Type Price (£ BD123 on BF336 035 
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ACI76 025 BC147B 013 BD163 0 67 BFW59 0-19 
AC187 025 BC148 012 BD183 058 BFW60 020 AC187K 8 25 BC149 0-14 BD234 0 75 BFW90 028 
AC188 025 BC152 025 BD519 0 76 BFX16 225 
AC188K 028 BC153 020 BD520 076 BFX29 •46 
AC193K 0 30 BC154 0 20 BDX18 1-45 BFX30 635 
AC194K 032 BC157 015 BDX32 2-55 BFX84 0 25 
AC728 0-25 BCISS 013 BDY18A • 38 BFX85 0 26 
ACY39 0 88 BC159 015 BDY18 1 78 BFX88 028 
AD140 056 BC181 048 BDY20 0 99 BFX87 0 28 
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AF139 0 35 BC183K 812 BF177 0 30 BRC4443 Ht 
AF147 035 BC183L 011 BF178 033 BRY39 • 42 
AF149 045 BC184L • 13 BF179 0 33 BR101 835 
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0-11 0 10 013 
AC187K/ 
AC188K 0-61 

N5404 N5404 N5406 
0-25 027 0 30 2N3715 230 AC193K/ N5407 034 2N3724 2N3739 072 MS AC194K 

AD161/ 
AD162 

0 71 ZENERS 2N3771 2N3772 1-78 1 90 0-95 400m W 3-33V 0-12 2N3773 2-90 BC142/ 1W 2N3790 4-15 BC143 070 3-3-68V 018 

THYRISTORS. TRIACS AND TRIADS 
WITH TRIGGER 
IFVRM: 
I.6A 
3A 
4A 
6A 
8A 
I OA 
I6A 

50V 

m;-/- 

100V 
13/26/27 
—/M/30 
30/—/— 
33/4414* 
38/50/52 
41160/63 
—101/90 

200V 
25/18/30 
—134/36 
38/-/- 
41/56/58 
47/64/61 
51/74/78 
—,'88/95 

400V 
35/38/40 
—/SO/Sl 

60/-/— 
68/80/84 
75/92/97 
84/104/109 
—1131/140 

600V 
45/52/55 
—166/70 
75/—/— 

80/100/105 
90/114/120 
100/128/13 
—/175/I85 

Notes: All prices are in pence per unit. First price in each group is 
thyriscor, second is triac, third is criac with trigger. Encapsulation 
depends on current rating and device type. Connection data supplied 
with each device. Quantity enquiries welcomed. 

INTEGRATED 
CIRCUITS 

Type Price (£) CA3045 1-46 CA3046 0-70 CA3065 1 90 MC1307P 1-90 MC1310P 2-94 MC1327PQ 1 01 MC1330P 0-76 MC13S1P 0-75 MC1352P 0 72 MC1358PQ 1 85 MC1496L 0 «7 MC3051P 0-58 MFC4000BO-43 MFC4060A 0-70 MFC6040 6 91 PA263 1 90 SL414A 1-91 SL901A 280 SL917B 3 80 SN76003N 2-92 SN76013N1-95 SN76013ND 1 72 SN76023ND 1-72 
SN76023N 1-95 SN76033 N 2-92 TAA300 1 48 TAA320 0-94 TAA350 1-54 TAA435 9 85 TAA450 1-85 TAA550 0 49 TAA570 1-39 TAA611 173 TAA630O3 29 

Type Price (£) TAA630S 3-29 TAA700 3 30 TAA840 1'64 TAA861A 049 TAOIOO 142 TBA120 0 68 TBA120S 0-99 TBA240A MO TBA480Q 1-24 TBASOO 199 TBA500Q 2 68 TBA510 1-99 TBA520Q 2 72 TBA530 1-98 TBA530Q 1-99 TBA540 2-20 TBA540O 2-21 TBA550O 3 29 TBA560C 2-71 TBA560CO 2 72 TBA570 1-17 TBA641 0 76 TBA673 1 80 TBA700 1 90 TBA720O 2-20 TBA750O 154 TBA800 1-75 TBA810AS 1 75 TBA920O 3 29 1 75 
TBA9200 3 29 TBA990 3 29 TBA9900 3-29 TCA270O 3-35 ZN414 120 U6A9951592-52 

THIS MONTH S SPECIAL OFFERS; 
Bourns model 3600 Knobpots Jin. 
dia. Ten Turn precision pots 5k XI 
Resolution 0.023% Manufacturer's 
I000 +price is £5.58 Our price for 
ONE £4.05 
Morganite l^in. 20-turn cermet 
trimmer I00Q, Ik, 2k2, 25k (type80) 
52p each 
8 x 5 in, I5£7 loudspeakers—ferrite 
magnet 52p each 

PLEASE ADD 8% FOR V.A.T. 
P. & P.: U.K. £0 08 PER ORDER 
OVERSEAS AIR MAIL; AT COST 
All items advertised ex-stock on 
magazine copy date. All prices subject 
to availability. Our new catalogue is now available at 30p (refundable). 

EAST 

CORNWALL 

COMPONENTS 

CALUNGT0N, 
CORNWALL, PLI7 8PZ 
Telephone: Stoke Climaland 
(05797) 439. Telex: 45457 A/B 
MERCURY CALGTON. 

HART ELECTRONICS 

Audio Kit Specialists since 1961 

BAiLEY/BURROWS/QUILTER PRE AMP Tllis is tho lonu control section of the best ore-amp kit currently available. Consider the advantages:—•First qualily fibreglass printed circuits with rolloi tinned finish and all component locations printed on raverae. 'Low noise carbon film and metal film resistors throughout. •Finest quality low-noise ganged controls with matched tracks and shafts cut to length. *Woll engineered layout for total stability. "Special decoupling and earthing arrangements to eliminate hum loops. •Controls, switches and input sockets mount directly on the boards to TOTALLY ELIMINATE wiring to these components. iWe know of one pre-amp kit which claims its controls mount directly on the board—and so ihey do, by their shaft bushes! You still have to wire ihem up I!) 
"We incoiporare the Quiltcr modification which is most important as it reduces distortion and incroases the bass and treble control range. 
As can be seen from the photograph the tone control unit is very slim (only 1i" from front to back! and may therefore be used in many other applications man our Bailey metalwork which it is designed to fit. 
METALWORK AND WOODEN CASES These have been under review for some time; please send for latest information. F.M. TUNER This latest addition lo cur range is designed to offer the best possible performance allied to tha ease of operation given by push button varicap tuning. We have taken groat care to look after the constructors' point of view and there are no coils to wind, no RF circuits to wire and no alignment is required, in fact the whole unit can be easily completed and working in an evening as ihere are only 3 transistors, one IC and two ready built and aligned modules comprising the active components. We have abandoned the concept of having a tuner as large as the amplifier and this new unit has a frontal size of only 1J in. X 4 in. It can be mounted on the side of our Bailey amplifier metalwork thus turning it into a luner/ampl'ifier whilst only increasing its width by li in. Cost of tuner chassis fno case) is £22 for mono. £28.4B for stereo- Metal case £2.55. An extended wooden case to fit tuner and amplifier will be offered shortly. 
STUART TAPE CIRCUITS Our printed circuits and components offer the easy way to convert any suitable quality deck into a very high quality Stereo Tape unit, input and output levels suit Bailey pre amp. Total cost varies but around £35 is all you need. We can offer tape heads as well if you want new ones. All above kits have fibreglass PCB's. Prices exclude VAT but P&P is included. 
FURTHER INFORMATION ON ALL KITS FREE If you send ua ■ 9 in. X 4 in. S.A.E. 
REPRINTS Post free, no VAT. BaitaySOW 18p. STUART TAPE RECORDER All 3 articles under one cover 30p. BAILEY/BURROWS/QUILTER Preamp circuits, layouts and assembly notes IBp. 
AH prices oxcluda /AT. 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome, but please note v i closed all day Saturday 

Wl 

JUL 

Phoenix 

Electronics 

(Portsmouth) Ltd 
139-141 Havant Road, 
Drayton, Portsmouth, Hants P06 2AA 

Full member of AFDEC—the industry's association of 
franchised electronic component distributors. 

Our prices include VAT at the current rate—and carriage 
on all goods is free. 

Send for our catalogue and price list—we'll mail that to 
you free. too. 

Marksman 
iron kit 

THIS MONTH'S BARGAIN 0FFER- 
Professional soldering kit. 25w iron, 
spare tips, tool and solder, together 
with 10 X BC208. 2 X W02 bridges, 
and 2 X PP3055 Plastic Power 
transistors. 
BARGAIN PACK PEP2—£4.30 

Please send your catalogue—free! 

Name     

Address  

       WW12 
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Audio Connectors 
Broadcast pattern jackfields. jackcords. 
plugs and jacks 
Quick disconnect microphone connectors 
Amphenol (Tuchel) miniature connectors 
with coupling nut 
Hirsch~ann Banana plugs and test probes 

XLR compatible in-line attenuators and 
reversers 
Low cost sl ider faders by Ruf 

Future Film Developments Ltd. 
90 Wardour Street. 
London W1V JLE 

01-437 1892/3 

ELECTRONIC ORGAN KITS 
There are 5 superb models in 
kit-form specially designed for 
the 0 -1-Y enthusiast. With our 
free and generous after sales 
service you can build in sections. 
and the whole project can be 
extended over several months. 
All specialised components can 
be purchased separately. 
We also stock keyboards. volume 
pedals. MOS master oscillators. 
ICs.. transistors. ETC. for W/W 
synthesiser and W/W electronic 
piano. Send SOp for catalogue 
and vouchers worth 5()p or send 
your own parts list. enclosing 
SAE for quotation. 

ELVINS ELECTRONIC MUSICAL INSTRUMENTS eo...--....... ~dlo_.ild..cry 
WW-()42 FOR FUR1HER DETAILS 

_12 Brett R«!.:.- Hackney. London E8 1.JP. Tel: 01-986 8455 
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1N4002 0·07 2Nl804 0·21 2N~O·U 80106 O·U BPYDO 0·110 cv~s 1·00 0·20 0·2& OA6 0·80 OAZ2020·46 OC36 0·1115 0076 0·80 00169 0·20 Z821 0·80 
1N4003 0·08 2N1!ro3 0·22 A0126 0·26 BC109 0·12 Bl1YG1 0·20 CV2Hi42•00 'MA'l'12l NK'rJH0·24 OM 0·1! OAZlll 00·40 0041 0·86 0077 o-56 00170 0·26 Z822 0·20 
1N4004 0·08 2Nl 306 0·85 A01Z7 0•2$ ll0116 0·110 8FY6~ 0·20 cvni5J52·00 0·26 NKT216 OA7 G-20 OAZ\ll10·40 0042 0·40 0078 0··25 00171 0·80 Z8170 0 ·10 
UI4006 0·U 2NlS07 0·85 A0128 0·20 BO'llO 0·20 llTY79/ cv-aosa-50 ¥.1£3700 ·118 0·40 OA9 0·20 OAZ\l421H5 0043 0·70 0078D 0•25 OC'lOO 0 ·66 Z8178 0·40 
18111 0·2& 282147 0·71 AC176 0·26· 80117 0·21 100]1. 0·75 CV'Ol09 8 ·10 .\IJ'R6260·66 NKT217 OAlO 0·40 Ool.Z2440·85 0044 G-18 0079 0·30 0(l'.!01 0·80 Z827l 0·18 
18131 0·13 2N2218 0·23 A0167 0·20 B<-'169 0·14 BY100 O·U DDOOO 0·16 MJR29GS 0·46 OA47 0·06 O.AZl!460·15. 0040( 0·17 0081 0·28 00'.102 0·00 ZT21 0·26 
18132 0·13 2N244t 1·88 AC188 0·20 BCYS4 0·46 l1Yl26 0·14 DD006 0·2& HO NKT218 OA70 0·10 0010 1·00 0046 G-18 OCSID 0·28 OC'A03 0·66 ZT:tl070·12 
20220 0·118 2N2646 0·00 ACn7 0·26 .8:0121 1·00 l.lY127 0·1& OE'r1020·60 l\I'JRS065 1 ·13 OA71 O·liG OC16r I·OO OC45K 0 ·16 0081)( 0·20 OC204 0·55 ZT:tl060·10 
W!rol 0·40 2Sw.IG 0·10 ADHO 0·60 llD123 1·00 BZY66 GET1030·40 0·76 NKTSOl 0 A79 0·10 0019 0·50 0046 0·81 0081Dl! OC2fl5 1·00 ZTXll000·14 
20302 0·40 '1.,>;3702 0·11 ADUV 0·50 BF115 O·llll fieri eo 0·10 GET1160·116 Ml'P102 0·85 0A81 0·10 01..'20 2·00 OC57 0·60 0-18 00206 1-10 ZTXS040·l!5 
2N696 O·U 'lliS703 8·U A.0161 0·39 811'173 0·28 CIUI1/06 Gn'T8750·40 0·40 NKT304 O.A65 0 ·11 00'.12 1·00 OCG8 0•00 OC81Z 0·45 00207 1·00 Z'r1 5000·l5 
2N6ll7 O·U 2!1'3704 0·14 A.0162 0•88 8 1l'l80 0·86 0·80 O&X661·28 Ml'll'1030·3e 0·75 OA3e O·U 0023 1·l!S 0059 0 ·60 0062 0·28 OCI'70 0·50 Z'rX5030 ·16 
2..'<706 0·10 2!1$706 0·11 Al'll< 0·85 BF'181 0 ·55 CMHO OEX541 )I(PPIO< NKT401 OA90 0·07 OO'U 1·10 0066 0·60 OC62D 0·25 OCP71 1•00 ZTX63lO·l!5 
2lf706AO·U 2Y3707 G-11 Allll6 0·25 BF'l94 0·1! 0-45 0·7$ 0 ·85 0·75 OADI 0•17 0025 0·40 0070 0·18 0083 0·2$ ORPJ20·66 

Industrial Valves &Z3 12El 81& 5726/ 6825 CV26 CV4M CVt$26 CV4043 BlOOP OX U2 l0!1403 Q8108/45 
GZ<G 12'&1( 828 6AL6W 6939 CVSl CV41& C\'23$1 CV4G« B18100 OXU3 IIU!l\404 Q8150/15 

18 30T 3826 13Dl 82911 5737/ CV45 CV416 CV2466 CV404S E18200 GXU4 !lE1500 QSI00/30 
l.B'l4 3829 8AII'U 13&1 8308 2001W 7193 CVGS CV417 CVUIS CV4046 1!1841' GX U60 lli:El601 Q8100/ 88 
18356. 30'22 6A.K5 28D7 800 6749 7203 CV73 CV428 OVU 19 OV4()o3 E 1880C QBU0/ 40 
1863A 3028 U.ll6 29Cl 866 15750 7SOO CV74 CV4M CV2020 CV40li6 EAGO KTBG O.A2 QSt00/ 45 
11'121 30'J4/240 8AM.6 5SKU 866A 5761 7586 OV86 CV<47 CV2022 CV4059 EA.5~ K'l'67 0A3 Q8U0/8<l 
1N21B 3046 BANG 75Bl 866& 5802 OV118 CV449 on121 CV-4060 EA76 KT88 Q81200 
1N2SB 30Xl OOM OAN8 76Cl 827A 5814 8013 0 Vl21 CV466 OV2901 CV4062 1!00'!6 O.A4G QS1202 
1N230B 3E29 6AR5 83AI 881lt 5823 8020.A CV124 CV46D CV8623 CV4063 ECP804 M8079 QB1203 
IX2A 3Jf121E OA.88 zs..u 8DI R 5MO OV128 CV466 OVS929 CV4004 BPIIO K8080 082 QB1206 
I.XllB ~Hn~ 6Al140TA 8liA2 5963 11001 CVUl CV491 OVS986 CV4079 RPIJ4 :11:8081 OBS ~U37 

8.AU50T OOAO 054 696.ii 11002 CV13'l cv•02 cvsm CV4001 ID."'I6 M'B082 ODS V03· 12 
2A3 3QJUOE OA.U8 90AV 05~ 9003 OV133 CV493 CV3DDI CV45Q'2 KFOO< MB08S 0 0 3 QV04·7 
2.Alll~ 3QJ105B 8AV5GTA OOCl 056 6005/ - OV1SS OV717 cvam OV4503 RFPIIO lll80Dl oz. QVu~-u 
902641. 384 8AW8A 9000 057 6AQ5W - OV136 CV808 CV4001 CV4004 EJ.tl k801Hl O z.& A QVOMO 
2034 3V/3'08 6A:UOT 900V 002~ !10011 OV137 CV1072 CV4002 CV4.507 K~SO lll80D7 Q ¥ :1-120A 
203VA 3VfJ90A !JI40 9U.I 1825 ~7 C\"1:111 CV107& CV4003 CV<S08 B!'iSl lll8098 OTI5 Q Y4-t80A 
2043 3V;'390B 8BA8A lOOTH 8056 13201A 0Vl40 CV1092 OV4004 OV6060 KS:tl 118100 QV4-404)A 
2 0'Jl 8BK4 1~0.82 20GO 6059 CVI« CV1219 CV4oo~ CV6004 I!N91 ¥81:36 Qa2400 
2D21W 4-126.& GBK7A 15083 2000W 6060 AIBS• ovuo OVJ343 OV4006 CV8008 &81174 .!(8137 QA2403 R IO 
2R26 4--250A 88!.70TA 15001 2061 6<)61 A2081 OV173 CVll76 CV4007 CV6045 'ESU'76 !11.8140 QA.240a IU7 
2131 4-400A 6SN6 lG00'2 6062 A2 134 CV187 CV1476 CV4006 DA30 1'.81)77 M8141 QA2406 nts 
2J3S 4B3'J 6llll7 15003 4003& 6063 A2293 CV188 CYH77 CV4009 DA41 I'll~., 

M8142 QA.2407 S UF.\2 
\1.150 4035 6087 15004 4ti2Dorfl 6064 A2426 OV190 CVJ478 OV4010 M8144 QB3J300 

21~· 40X2608 GIIX70'l' t.>OTR 4242A 6065 A2621 CV220 0V1794 OV401.1 DA42 lffl060 M.8 U 9 Q8 3·5·760 61.20 

21~8A 4827 6B7o6 8ll8 43130 6067 A2900 CV261 CV1<80 C\"4012 DA100 PG001 M81G7 S ISOP 
DET22 1!'6063 Q8 4·1100 srv~0/40 

2.K25 4.150 110.118 3'-W 43'l~A 607'l AC'I'll CV273 CV1461 CV4013 M8161 QF41 
2K26 ~G2 11086 631-Pl 4887 6073 AC'I'G 0V284 CV1462 OV4014 ~L I':UlV llllll82 QP45 STV2~0180 

~1!:85 ~52A 60L8 6644 0074 OV!I86 CV1787 CV401G :&800C l'X= 618163 QQV02·8 8U4l 

2.K<$ usa IIOw< 70!SA. 6646 6080 810 lK OV267 CV1832 OV4018 ESOPC l>X'l27 M8l6t QQVOS.IO 8U42 

U2A 4X150A 8D.K6 TI$A 60?itJ - CV315 CV18» 0\'4017 E80P 011371K lllS179 QQVO:I-20 TOO:I-10 
4XIOOD 8DQ68 7168 G64t 6130 811136 CV:I29 CV18S6 CV40l8 E80L 0120'18 ¥.81110 QQV03·20 'M'I5 

3A/107A 4.1.2608 UiA8 72SA/ll G644 6136 IIT6 evan CV1!19< OV40lt B60T 0100,28 MBIW QQV03-20A TT21 
3AJ10SA 8n:l 725A 58S1 6189 BT86 CVU2 CV2000 <.'V4020 & 100 0160!2ll )1821)4 QQVO<-U 'M'IU1lll\ 
3AJ108B 5BJ26Ut SHG(a.etal) 6570 0197 BTU CVU5 CV2!31 OV4022 EalL 02-&0t:tD 11118212 QQV06-40 T~O 
3AJL09ll 6'8!252¥ GK70T 801 5672 6201 BT7~ CV864 CVllU4 0V4023 11'.<1200 0 400{11!'. .118214 QQV08-40.A 
SA/11041. onr2G41l GIT8A 803 5676 fn02 8T83 0V3ll9 CV'll~ OV4024 E83CC ON4 118223 Q)!70/20 U17 

3A/1108 58/26311. GV60T 805 6887 :~g~ OV360 0\'11160 CV402G R83P G-'l' IC M8224 Q875/20 V19 

3A/148J 58/256M R07 6H98 010 CV371 CV2 179 · CV4028 E88CC GTtU20W ){6225 QS75/40 U27 
SA/167M 5B/267!of 111:3 808 5702 6360 OlK OV37~ . CV223ll CV40$3 E 9()CC tl'f l<150b!8 lll823~ QS76f80 VL8831 
:JAG ljC22 llE13 811 5718 6442 CAA322 OV378 OV2237 GV4088 EIIOL OU18 X8237 Qf!83/ 8 
3ll/240M 6021 12AY7 81141. 6719 6463 eve CV391 CV2238 CV4038 1!9111' Oll20/21 11.8246 QS92/10 ZSOOT 
38/24111{ 61140Y UB>IA 81.2A G726'A$W 6050 CV25 CV39D CV2253 CV403V 1!9000 auao MEI400 QB95/10 Z709 
31124 511408 128Y7A 813 6807 GV20 CY3t7 CV228V CV4040 IU80CC CXU1 KSU01 QS I05/40 7.8oau 

lntqrated Cirmit. 7<10 .. .. 0·10 7<37 .. 0-41 7476 .. .. .... 74107 .. 0·61 74137 .. 1·09 

7400 .. .. ... 7411 .. .. t·ll 7466 .: .. 0-ta 7480 .. .. . ... 74110 . . 0·57 74170 .. 1·88 

7401 .. .. .... 7<12 .. .. 8·!8 1440 •• .. 8·20 7462 .. .. 0·87 74111 . . 0·36 1411• .. 1·80 LOW PROFILE 
7402 t ·!t 7413 .. .. 0·10 744Ulf .. 0 85 748$ .. .. HG 74118 .. ]. ... 74176 .. 1-2& .. .. 7416 0·11 7442 0·85 7484 1·00 1.11 • 74178 SOCKET$ 
7403 .. .. t ·!t .. .. .. .. .. .. .. 1·82 1 44 

7404 .. . . 0·20 i 417 .. .. 0·10 7450 .. .. 0•.20 7466 .. .. 1·50 74121 .. OS7 74180 .. 2·:10 14 plo DtL. 1 ... ·- .. .. ... 7420 .. . . 0·10 7~1 .. .. 0·10 7490 .. . . t-'75 74WJ . . 0·80 74191 .. 2·:10 16 pia, DIL, 171 • 
7406 .. .. 040 ·••n .. O·lell 1 .... .. .. ... 7-tfU.A.lf .. 1·10 74U:I .. 1·4< ....... . . S·IO 

7407 .. .. 040 7423 .. .. 8·40 7454 .. .. 0·80 74112 .. 0"75 141<1 " t-oo 74193 .. B :IO Stockiata of En1ll1h 

7408 • . .. 0·25 7420 . . .. 0·81 7460 .. .. O-tt 7483 •• .. 0·'76 '74.1C! .. 1·f4 7419< .. 1 ·'12 Electric. Ferranti, 
74011 •• .. 0·85 7427 . . .. 0·81 7470 .. .. 0·33 74114 .. .. 0·86 74100 .. 2·80 741.96 .. H4 M.O. Valve Co., 

7426 .. .. O·t3 7•72 .. .. 0·38 14GG .. .. 0·85 7416\ .. 1·15 74186 .. 1 ·68 Mullard, S.T.C . 
7430 .. .. 0·20 7473 .. .. 0·44 74110 .. .. 1·00 74l04 .. Z·80 74197 1·68 
74:r.l .. .. 0 37 7474 .. .. 0·48 7497 .. .. 4·32 74166 .. 1·15 74188 3·16 
7433 .. .. 0·4:1 7476 .. .. 0·69 74100 .. 2·18 H 16<l . . H S H IDD 2·66 

FROMtST APRIL ALL ORDERS SUBJECT TO V .A.T. AT APPLICABLE RATE. THIS MUST BE ADDED TO TOTAL ORDER PRICE INCLUDING POSTAGE. 

Terma of Busineu: Mon. to Sat. Open to calion f a.m. to 5 p.m. Closed Sat. I p.m. to l p. m. Exprea ..-ee Sp. for one valve; lp each additional valve. 
Expreu postaee: lp for one eransistor, and lp for each additional. Over 10 post free. All orders over £5 post free. Valvu tuted and rel.,..ed to A.R.B. 
1pecification if required. (Full valve availability liot on request, S.A.E.) Prica correct when aolna to press. 
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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 lest probes 
XLR compatible in-line attenuators and 
reversers 
Low cost slider faders by Ruf 

Future Film Developments Ltd. 
90 Wardour Street 
London W1V3LE 

01-437 1892/3 
WW—042 FOR FURTHER DETAILS 

a8S 

ELECTRONIC ORGAN KITS 
There are 5 superb models in 
kit-form specially designed for 
the D-l-Y enthusiast. With our 
free and generous after sales 
service you can build in sections, 
and the whole project can be 
extended over several months. 
All specialised components can 
be purchased separately, 
We also stock keyboards, volume 
pedals, MOS master oscillators, 
ICS., transistors. ETC. for W/W 
synthesiser and W/W electronic 
piano. Send 50p for catalogue 
and vouchers worth 50p or send 
your own parts list, enclosing 
SAE for quotation. 

ELVINS ELECTRONIC MUSICAL INSTRUMENTS 
Compowmts suppliers to tlie music industry 

12 Brett Rd., Hackney, London E8 UP. Tol: 01-986 8455 

11 )HIHHUIIIIIIl«lllllllll« ,• ■ 
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R.S.T. VALVE MAIL ORDER CO. Ltidtafswfs2B^ W-l-,e- Tel: 01 -677 2424 
Telex: 946708 R.S.T. 

VALVES 
AZ3I 060 AX4I 0-70 CBL31 140 CL33 1-60 CTYS1 0-60 DAP91 0-30 DA-F06 0-60 DCC90 1-36 DF91 0-80 OPOG 0 60 DK9I 046 DK92 100 DK96 0-75 DL92 0-40 nL94 0 48 PLOe 0 66 DM70 0-70 DY86/7 0 45 DY802 0-47 

EABC80 0-45 EAP42 0 76 
BAP801 0 65 EBC38 100 EBC41 0 75 KBC81 0 41 P.BP80 0-45 BBFS3 0 60 EBF89 0 40 BLB31 S 00 £0040 0 80 ECC81 045 KCC82 0-38 RCC83 0-38 EC085 0 46 BCC88 0 60 RCP80 0 46 

RCP82 0-45 BOH35 150 ECH42 100 F.OH81 0-85 ECH8S 0 60 ECn84 0 60 BOL80 0 80 ECL82 0 42 KCL86 0-55 BOLL800 3 50 EPS7A 1-20 Ki'39 120 EP41 0-76 KP.V2 1-26 EF80 0 35 EF86 0-46 BP86 0-50 KF89 0-85 BF91 040 EP92 0 50 
TRANSISTORS 
1N21 017 1N23 0-35 IN4001 0 06 IN4002 0 07 IN4003 0-08 IN4004 0 08 TS4000 0 12 18111 0 25 18181 013 18132 0-18 2G220 0 83 26301 0 40 2G302 0-40 2N696 0 15 2N697 0-15 2N706 0-10 

2N708 0 15 2N1302 0 18 2N1803 0-18 2N1804 0-22 2X1305 0-22 2N1306 0 28 2NI307 0 28 2N2147 0 75 2N2218 0-23 2N2444 1-99 2X2646 0-50 2N2926 0 10 2X3702 O il 2X 3703 0 12 2X3704 0 14 2X3705 0-15 2X3707 013 

2X3709 0 10 2X3710 0 11 2NS7I1 0 11 2N8819 0-85 2X4286 0-15 2X4289 0-15 AC126 0-26 AC127 0-26 AC128 0-20 ACI7G 0 26- AC187 0-20 AC188 0-20 ACY17 0-35 AD140 0-50 AD149 0-60 
AD161 0-39 AD162 0 39 AF1I4 0-25 AF116 0-: 

EF98 0 80 RZ80 0 30 OZ4 0-55 PEN46DD 
1SFI83 0-40 P.Z8I 0-35 PC86 0-65 0 85 RP184 040 EZ90 0-40 PCSS 086 PFL2000-70 
EH9n 0-60 6X501 0-90 1*0900 0-55 PLS6 0'68 RL33 2-50 GZ30 0 05 PCCS4 0 45 PL38 0 65 EL34 0-70 GZ32 0-86 PC089 0 55 PL81 0-55 
EL37 2-50 GZ34 0-76 PCC189 0-65 PL82 0-50 EL41 0-90 H63 0-90 PCP80 0-40 PL83 0-50 EL42 0-90 HL41DD I'CPSe 0 65 PL84 0 60 
ELS4 0-35 0-70 PCF80I 0 60 PL900 0 80 
BL9I 0-50 HN309 1-50 FCEF8020-56 PLS04 0-85 EL95 0 50 KT6I 1-75 PGP805 0 80 PI2S08 0-90 
EL360 1-60 KL66 2-50 PCF806 0*80 PL009 1-55 
RLL80 200 KT81 (7C5) PCPSOSO 90 PL801 fl-00 
KM.80 0 55 1-30 POCL820-45 PL802 1-00 EM81 0-60 KT88 2-90 rCL83 0 70 PY32 0'88 
BM84 0 40 KTW811-60 PCL&4 0 50 

PCTa85 0-60 
PY33 ' 0 63 BY51 0 45 KTWS21-50 PY8J ,'800 KYS6 0 45 X78 8-50 0-50 

KZ4U 0 75 0A2 045 PCL86 0 50 PY82 0-45 
RX41 076 OB2 0 45 I'DOOO 1-50 PY83 0 50 
AP116 0-25 BP195 0 18 CKS3-40 GJ7M 0 50 AF117 0 20 BFI96 0 15 0-55 RSIOOAO-SO AF139 0 S3 BP197 0 15 CB10B 3-50 MATlOl 
APZ12 lo0 BF83I 0 25 OV102 0-25 0-26 
BC107 0-12 BPa98 0 25 CVI03 0-18 MAT120 
BC108 0 12 BPY50 0-20 CV253 1 00 0 20 
BC109 0 12 BFY5I 0*20 CV2154 2 00 MAT121 BC115 0-20 BFY52 0-20 CV2I65 2 00 0-25 
BC116 0-20 BTY7ft/ CV7108 3 50 MJE3700-68 
BC117 0 21 lOOB 0-76 CVT109 3*50 MJB&200-66 
RCIR9 0-14 BY100 0 15 DDOOO 0-15 HJE2955 
BCY34 0-45 BY126 0 14 DU006 0 25 110 
BD121 LOO 8X127 016 aET1020-50 MJR3055 
DDI28 100 BZY88 GET1030-40 0-76 BP115 0-22 Series 0-10 GET1160-85 M.PF102 
BF173 0 28 CRS1/05 GUT87fl0'40 0 40 
BP180 0 85 0 80 GBX66 1-25 MPP1030-86 
BPI81 0 35 OR9J-40 GEX541 MPP104 
BPI94 0 18 0-45 0-75 0 35 

PY500 1 10 PY801 0-35 8P41 300 0-85 100 100 085 0 75 0 75 

SP6I T41 D2fi U26 17191 U404 17801 UABC80 050 I7AF42 0-75 UBC4I 0 75 I7BF80 0 50 UBF89 0-50 T7CC85 0-50 DCH42 0-80 UCH81 0 60 UCL82 0-40 DCL83 0 70 

UP41 0-76 UKi9 0-60 I7MI 0 85 ULS4 0 60 UY41 0 55 I7Y85 0 45 VP4B 125 YR76/S0 0-48 17K106/30 0 40 178,150/30 0 40 Y63 185 185 1T4 384 8V4 

1-50 0-60 0-40 0 40 0 50 0-86 5840 Y 1 00 6U4Q 0-55 

01740 060 5Y3QT 0 65 0246 0-65 6/30L2 0-80 SALS 0-80 6AQ6 0 50 6AS7 100 8AT6 0 60 6AI76 0 40 6AV6 0-50 6BA6 038 6BE6 045 6BN6 075 68 J 6 0 75 GBQ7A 0 85 6BR7 I-20 6BW6 1 00 6BW7 I 00 6C4 0 40 60D69 1 60 60H6 140 

6E5 100 6P2S 105 6J56 0-45 6J66T 0-65 6J76T 0-55 6K6GT 0-80 6K7GT 0 85 6K8GT 0 50 6P25 1-76 6Q7GT 0 50 680714 0 50 6SJ7GT0-30 6SL7GT0-56 68X7GT0-65 6tr4GT 0 80 6D6G 0-75 6V8GT 0-60 6X4 0 45 6X5GT 0 55 7B6 0-80 7B7 0-80 

7C5 1 30 7C6 100 7H7 0-80 787 2-26 7X1 0-80 A2AC6 0 80 12AD6 0-80 12A R6 0-75 t2AT6 0 45 12AT7 0-45 12A176 0-50 12AU7 0 38 12AX7 0-38 I2BA6 0 50 12BE8 0 60 
12BH7 0 60 
30C15 1-05 
30C17 1-10 
30C18 0-90 30F8 1-10 

30FT.1 1-00 30FL14 0-90 30L15 105 30LI7 0-95 30P12 106 30P19 100 30PL! 0-95 80PL13 1-20 30PL14 1-26 
35L(iOT0-80 
35W4 0 60 
35Z3 0 80 
35Z4GT0 70 
60C6 0-70 
50CD6G1'20 
80 0 76 
807 1 00 
6080 2 50 
8146 2-26 

XKT128 0 45 NKT211 0-25 NKT2I3 0-25 NKT2140-24 XKT216 0 40 NKT217 0-45 XKT218 118 XKT301 0 85 XKT304 0-76 XKT401 0*75 

NKT403 0-70 XKT404 0-80 NKT7IS0-30 OAfi 0 60 OA6 OA7 OA9 
012 0-20 0 20 OA10 0-40 OA47 0 08 OA70 0-10 OA71 020 OA79 0 10 OA81 0 10 OA85 0 15 OA86 0-15 OA90 0 07 OA91 0 07 

OA95 0-07 OA200 0 08 OA202 010 OA210 0 20 OA211 0 35 OA22020-46 OAZ2100-40 OAZ2110 40 OAZ2420-15 OAZ2440-25 OAZ2460-15 OC1G 100 OCX6T 1-00 0019 0-50 OC20 2-00 OC22 100 0023 1-26 OC24 1-10 OC25 0-40 

0026 OC28 0-40 0 70 0029 0 85 OC30 0-40 0035 0 55 0036 0 85 OC41 035 0042 0 40 OC43 0 70 OCJ-l 0-18 OC44M 0-17 OC45 0 18 OC45M 0-18 OC46 0-27 0057 0-60 OC58 0-60 0059 0 60 0066 0-50 

0071 0072 016 0-25 0073 0-50 0074 030 OC76 OC76 OC77 
0 0-80 0-55 OC78 0-25 OC78D 0-25 OC79 0-30 OC81 0 28 0081D 0-28 OC8IM 0 20 OC81DM 0 18 OC81Z 0-45 OC82 0 28 OC82D 0-25 0083 0-25 

0084 O'30 00X23 110 OCI39 0 40 OC140 0-66 OCl 41 0-80 00169 0-20 00170 0-25 00171 0-80 00200 0 55 OC^Ol 0-80 OC202 0-90 OC203 0 55 OC204 0 66 OC205 1 00 OC206 1 10 OC207 1 00 001*70 0-60 OCP7I 100 OBP12 0-55 
Industrie 1 Valves 5Z3 6Z4Q I2E1 I2BI4 816 828 5728/ GAL6W 6923 6939 CV28 CV31 

OV404 0X415 CV2325 CV2361 CX4043 0X4044 E180F B181CO GXU2 GXTJS ME1403 MB1404 QS108/45 QB150/15 
1B3GT 3B28 1SD1 829B 5727/ CV46 CV4I6 OV2466 OV4046 E182CC GXU4 MB1500 08150/30 IB 24 3B29 3C22 6AF4A 13E1 830B 2D21W 7193 CV53 CV4I7 GV2316 OV4048 R186P GXU50 ME1601 QS150/36 
1B35A 6AK5 28D7 860 5749 7203 CV73 CV428 CV2519 CV4053 F.188CC Q8160/40 Q8150/45 1B63A 3C23 SAKS 29C1 866 5750 7380 CV74 CV434 CV2620 CV4056 EA50 KT6G OA2 
1X21 3C24/24G GAM.6 53KO 366 A 5731 7586 CV86 CV447 CV2522 CV4059 BA52 KT67 OAS QS160/S0 1X21B 3045 BAX5 75B1 366E 6802 CV118 CV449 0V2721 CV4060 EA76 KT88 Q81200 1N23B 3CX100A5 6AN8 75C1 827A 5814 8013 CV121 CV466 CV2901 CV4062 ECCS5 OA40 Q81202 
1N23CR 3B29 6AR5 83AI 8818 5323 a025A CV124 CV469 CV3523 GV4063 ECF804 M8079 Q81203 1X2 A 3J/121B 6A86 85 A1 89IR 5840 CV128 CV488 CVS929 CV4064 EF60 Mfi080 OB2 Q81205 1X2B 3J/160E 6AIT4QTA S5A2 5963 9001 CV181 CV491 CV3986 <5X4079 RF54 M8081 OB3 QU37 3J/170E 6AU5GT 90 AG 954 5965 9002 CV132 OV492 OV39S8 CX450I EP55 M8082 OD3 QV03-12 2A3 3Q/150E 6AU6 90 A V 955 9003 OV133 CV49S CV3091 CV4502 EF804 M80S3 OG3 QV04-7 2A8I5 SQ/196E 384 6AV5GTA 90G1 986 6006/ 9004 CV185 OV717 6X3998 OV4503 KPP60 M8091 OZ4 QVOB-26 2026 A 6AW8A 90CG 957 6AQ5W 9005 CV136 ovaos CV4001 CV4504 EJ.91 M8096 OZ4A QX0H-20 2C34 3V/840B 6AX8GT 900V 6021 9006 CV187 OV1072 CV4002 CX4507 F.X30 M8097 QYy-120A 2C39A 3V/390A tiB4G 95 A1 1626 6057 CV138 C VI076 CV4003 OV4SOS EX3I MS098 OT16 QY4-250A 2C43 3V/390B 6BASA 100TH 6058 13201A OV140 0X1092 CX-1004 CV6060 KX32 M8100 QY4-4O0A 2D2I 8BK4 1&0B2 2060 8059 CV144 CV1219 CV1005 OV6004 EN91 M8i86 QA2400 
9D21W 4-125A GBK7A I50B3 2060W 6080 A1834 CVTCO CV1343 OV4006 CVfl008 E3U74 MS 137 QA2403 R 10 
2F.26 4-250A 6BL7QTA 150CI 2051 6061 A2087 CV173 CV1475 CX4007 0X6045 E3C76 M8140 QA24U4 R17 
2J31 4-400A 6BX6 160C2 6062 A21S4 CVI87 CV1476 0X4608 DA30 R3U77 M8141 QA2406 £118 

IB 32 6BR7 150CS 400SA 6063 A2293 CV138 CVH77 CV4009 DA41 F6057 P6060 PS061 1*6063 FX219 FX225 PX227 

MSI 42 QA2407 S1IE12 ajfio 4035 6BS7 160C4 4212D Of E 6064 A2426 CVI90 CV 1478 0X4010 DA42 M8144 QBSi'SUU 8130 3130P 2.134 40X250 B 6BX7GT 250TH 4242A 6065 A2821 CV220 CV1794 CV4011 DALOO M8149 qB3-5-7B0 
3J5Q A 4Ka7 SBZG 328 4313C 6067 A2900 GV261 0X1480 CV4012 DBT22 M8157 QB4-1100 8TV280/40 3TV280'80 3t74l 8042 
2K95 4J50 GCB6 329 1323A 6072 ACTS CY273 CV1431 CV4013 M8161 QF41 
2K26 4J52 6CHG 831-PI 4687 6073 ACT9 CV284 OV14S2 CV40I4 E55L M8162 QP46 
2K28 4.152 A OCXS 5544 6074 CV286 OV17S7 CV401G K80CO M8163 QQV02-6. 
2H4I> 4J53 6CW4 706A 5545 6080 B1C IB OV287 CV 1832 CV4018 ESOFO M8167 QQV03-I0 
2X2 A 4X150 A 6DK6 716A 80970 BS90 CV315 0X1833 CV4017 ES0F 61/371K MSI 79 QQV03-2U TD03-10 

4XA50D 6DQ6B 715B 6642 6130 BSlSfi CVS29 CV1885 CX4018 E80L 0120/1B M8190 QQV03-2U TT15 
3A/107A 4X250B 6EA8 723AIB 5644 6136 BT5 0X337 C VI994 CV4019 E80T niB0;2B M8196 QQV03-20A TT2I 
3A/108A 3A/I08B 8F33 725A 5651 6189 BT35 CV342 ovanoo CX4020 EH ICO G180/2M M8204 QQV04-15 TTR31MR 

SB/251M SU6(mebat) 5670 6197 BT45 CV345 OV2131 CV4022 EfllL G240/2D M8212 QQV 06-40 TZ40 
3A/109B 6B/252M 6K7GT 801 5672 6201 BT7d CVS64 CV2154 CV4023 K82CC C400/IK M8214 QQ V0fl-40A 1717 

U19 U27 
3A/i 10A 5B/254M 0U8A 803 6676 6202 BT83 CV869 CV2155 0X4024 E830C 6X4 M8223 0870/20 
3A/110B 3A/I46J 3A/167M 

58/25511 0V6GT 605 5687 6203 CV3fi0 OV2160 OX4025 E83F GT1C M8224 0376/21) 
5B/256M 807 5696 6205 C1C CV371 CV2179 CV4028 E8SCO GTR120W MS225 QS73/40 
6B,267M I IBS 808 5702 6360 C1K CV372 CV2235 GV40S3 EDO CO GTR150M8 M8232 Q875/80 VL3633 3A5 8022 11E13 811 5718 6442 CAA322 CV378 CV2237 CVH035 F.90L GUI* M8237 Q883/3 

3B/240M 5D2I 12AY7 811A 5719 6463 CVS CV391 0X8238 CV4038 K9IR GU20/21 318245 0892/10 Z300T 
3B/24LU 5K46 V 12B4A 8I2A 5720/ 6550 OV35 cvsea CV2253 CV4039 F.92CC auso MB1I00 QS95/I0 Z709 
3B24 511463 12BY7A 313 6A86W 6807 GV26 0V397 CV3289 CV4040 ElSOCC GXTT1 MB140I 08106/45 Z303U 
Integrated Circuits 7400 7401 .. 7402 7403 .. 7404 .. 7406 7406 .. 7407 .. 7408 .. 740W .. 

0-20 0-20 0 20 0 40 0 40 02S 0-33 

7410 7411 7412 7413 7416 7417 7420 7422 7423 7425 7427 7428 7430 7432 7433 

020 7437 .. 0 45 7478 .. 0-45 74107 0 51 74157 1-09 
0-23 0 28 7438 -- 0 43 7480 .w . 0-80 74110 .. 0-57 74170 2-88 

7440 -- 0-20 7482 087 74111 0 86 74174 1-80 
0-30 7441AN 0 85 7483 .. 1-20 74118 100 74175 129 
0-30 7442 .. 0-8S 7484 .. 1 00 74119 1 92 74176 1 44 
0-30 7450 .. 0-20 7486 1-50 74121 0 57 74190 2 30 
0 20 7451 ,, 0-20 2490 .. 0-76 74122 0 80 74191 2 30 
0 28 7433 .. 0-20 749LAX 1-10 74123 1 44 74192 3-30 
0-40 7454 0-20 7492 .. 0-75 74141 1-00 74103 2 30 
0 87 7460 . . 0 20 7493 a a 0-76 74145 144 74194 1-72 
0 87 7470 ., 0 33 7494 .. 0-85 74150 2-80 74195 1-44 
0 43 7472 .. 038 7495 .. 0 86 74161 ., 115 74196 1-68 
0-20 7473 .. 0 44 7496 .. 1-00 74154 2 30 74197 1-58 
0 37 7474 .. 0-48 7497 .. . 4-82 74155 1-15 74198 3 16 
0 43 7475 .. 0 59 74100 2-16 74156 1-15 74199 2 88 

LOW PROFILE 
SOCKETS 

14 plo DIL, 15p. 16 Diu. DIL, 17p. 
Stockists of EnghiH 
Electric, Ferranti, 
M.O. Valve Co., 
Muilard, S.T.C. 

FROM 1ST APRIL ALLOROERS SUBJECT TO V.A.T. AT APPLICABLE HATE. THIS MUST BE ADDED TO TOTAL ORDER PRICE INCLUDING POSTAGE. 
Termt of Buciness; Mon. to Sat. Open to call art » a.m. to 5 p.m. Cloaed Sat. I p.m. to 3 p.m. Express postage 5p. for one valve; Ip each additional valve, 
Express postage: 3p for one transistor, and Ip for each additional. Over 10 post free. All orders over £S post free. Valves tested and released to A.R.8. 
specification if required. (Full valve availability list on request, S.A.E.) Prices correct when going to press.   
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The standotd range, of t.tiston stocked 
ote eitfo.er £12 or E24 and th. vo1uc-l 
_.. oH in multipf•s oft..-. titMS tM 
decode""-> below. The E12 ;,.,.. 
.,.. only •'- In bold typo • The 
EU items o,.. both tho. in bold artd 
~ ~·type. 

10 
11 
12 
13 
15 
16 

18 
20 
22 
Z4 
·27 
30 

33 
36 
3t 
43 
47 
51 

56 
62 .. 
75 
u 
91 

CAIBON FILM . /l waH + 5~ rol. 2p eo. 
E12 Sort .. IOSl, IQ 330Kil -

CAUON FILM ~watt+ 5%tol. l jpeo. 
EZ4 Series HI(! to IOMii. 

'CBM£1' THICK fiLM i-+ ~tol. Bpeo. 
E12 •rm 56nto ISOKn -

MfTAL OXIOEFILM ! wott ! 2~ tol. 4jp oo. 
E 12 •rles 1011: to 1M 

-EIIoo-!--=--
CAISON COMPOSITION i _. 4jp eo. 
2.2 ; 2.7 ; 3.3 ; 3.9 ; 4.7 ; :!_0.5 tol. 
5.6 ; 6.8 i 8.2 ! 10~ tol. 

i$!!! 
CAliON COMPOSITION I watt Sjp eo. 
2.2 ; 2.7 ; 3.3 ; 3.9 ; 4.7 I :!_0.5 tol. 
5.6 ;6.8 ;8.2 !10% tol. 

CAIBON FILM I - + S~ tol. 
E12 -r.. lOll to IOMll 

CAIBONFILM2watt.t. 5~101. 
t12 ,.,,., 1Ql1 to I OMit. 

WIREWOUND 2! wott + 5% rol 0.22 to 0.47 15jp 
E120Miot !, 1~' 1ro270 13p 

""""'f~ 
•• 1 

'·' 2.2 
2 .7 
s.s 
s.t 
4 .7 
s 
s.• ••• 1 .2 
10 
15 
21 

zs 
30 
39 
$1 
60 .. 
75 
82 

110 
125 
133 
no 
180 
200 
220 

uo 
270 
soo 
330 
350 
400 
470 
SOt 
560 
600 
680 
700 
820 
IK 
1.21( 

t.SK 
1,81( 

21( 
2.2!( 
t.5K 
2.7K 

13p ... . 

31( 
3.3K 
S.SK 
3.9K 
4.7K 

SK 
5.61< 
6.1K 
8.2K 

W&E WOUND IO watt lolpeo. 
Alt the val"" J-n ;., \.old lf'l , ... S wott rar-.;e 

wae WOUND 10- •s~tol. 
IOK ; 15K ; 20K ; fsK 

20pea. 

W&E WOUND IS.wott 13lp eo. 
All the voJun Frem 10 1J9Ward shown rn 
bold in th.e S wott ~. 

POTENTIOMETERS 

• tt:• ~IJi.. ~~3A 
~ - CZI9 

5Kn 250Kil 
IOK 500K 
25K IMog 
SlK · 2 Meg 

lOOK 

t.ov or Un lots S..ltcl! (and !KALin) 149 ::;gt:' 
log ot Un with S..llcl> 26p E298EDA260 
o...l lots S..ltcl! ol6p E298EDA262 
1 Mog log on I y 57p E298EOA265 
IOKn_i.ov + IOK Anllloe lou S..itcl! ol6p E298EOP268 

~--------------------------------------------~ ~~ 
IOK 
25K 
50K 

lOOK 

Si"Gie 

DU.t.l 

E2990DP336 
f29900P338 
£299001'342' 
E29900P348 
Gl16 
Gl23 
l53 

~--------------------------------------~~ VAIOO:S 

Vert leal Of Hcwlzontol 
VAl026 
VA1033 

.1 Wdt5~ 25 W 7 VA1034 

100 IK 
250 2.5 

17p 
Hlp 
18p 
18p 
13p' 
13p 
13p 
13p 
13p 
13p 
13p 
13p 
lolp 
lolp 
lolp 
lolp 

t1.21 
£1.21 
£1.49 
£1.61 

16p 
16p 
16p 
16p 
16p 
16p 
16p 

CANICRIJIS 

I 
Sil...,...edMico 350V. 

TQU O.Spl llpooch 

2.2 pf 18pf 30pl 
3.3 pf 20pf 33pf 
5 pi 22pf 39pl 
10 pi 25pf Cpl 

Tol.~ 1% llpooch 

50pl 150pi 
56pl 82pl 180pl 
68pf IOOJ>I 200t>f 
75pl 120pf 220pf 

Up ooeh 

250pf . 330pf 560r:l 
270pl 39()pf 680pl 
300pl 470pl 820pl 

;oOpf 

17p eoch 
1000 pi 1500pl 220pf 

J800pf 

26p oocl! 

2700!>1 3600pf 
coop 

SOOOpf 

33pooch 
500 SK 

IOK 
25.1< 
50K 

lOOK 
250K 
5001( 

-~P ~ g~~ 
• VA10565 :: 1-----~~~~----~------~ 6800pf 8200t>f IOOiiOpl ----1----------------------------------j VA10665 

VA1067S 
17p 
19p 
19p 
19p 
21p 
3lp 
29p 

100 
500 
11( 

2.5K 
SK 

IOK 

25K 
501< 

lOOK 

VAIWS 
VA1077 
VA1098 
VA1104 
VA1107 

CllPIIC/10/IS 

Mullord C333 s.,;., 63 Volts Wl<g . 

oil ot S!p eoch 

1.8pf±0.25pf12pf •21!> 
2.2 pi 15 pi 
3.3 pi 18 pi 
3 .9 pi ~..:~2pf 
4 .7 pl 27pf 
5.6 pi 33 pi 
6.8pf 39pl 
8.2pl 47pl 
10 pi 56pf 

68pf ± 2% 
82 pi 

100 pf 
120 pi 
150 pi 
180pl 
220pl 
270pf 
330 pi 

Mullord 630 seri~ <40 volts 110%to1. 
629 series 100 volts ... ' 
o11 ot s~.~ 

390 pi 1000 pi 
470 pi 1200 pi 
560 pi 1500 pi 
6eO pi 1800 pi 
820 pi 2200 pi 

2700 pi 

'.XJOOpl 
3900 pi 
1700 pi 
· · 10 nf 
•22m 

Erl• Monolithic Ceramic 30'/ohs W\(g. 

21 nf llp; 47 rrf 13p; 100 nf 17p 

Low Voltage Obc Ceranic• 
oil at S!p .~ 

0.01 uf 
0.022 uf 
0.047 uF 

IS. ; 
18¥ ; 
18¥ ; 

O.luF 30v 
0.22 uf IN 
0.47 uF 3Y 

~ 
MyiGFFII"" IOOVolt• ~· 

IOOOpl 2!p 0.05 uf 3!p 
2000pl 2!p 0.068uf 5p 
5000 pi 2lp 0. 1 uf ~ 0.01 uf 3jp 0.2 uf 
0.02uF 3lp 0.47 uf 7p 
0.04 uF 3!p 

MUlLARD C295 Series 63 volh 
Polystyrene Toteronce ~ 1% 

6,800pf i6.8nf) em AI1/1'6KS 
8,200pf (8.2nr) C295 At1/D8K2 

13,000pf (13n() C295AI1/1)13K 
18,000pf ,J&r, C29S AI1/1)J8K 
20nF (.02uf) C295AI1/1)20K 
3tW' ( .oo;,F) C295 AH/1>30K 
3%f ( .039vf) C295AI1/1)39K 
5 lnF r .OSiuFI C29S At1/I)S1 K 

P(llystyreno 160 volts, Wk.g, 
Tolerance - 1 pf up fO 33 pf: ! 5%4 7 
p f up. All 5p eaeh 

lip 
lip 
15p 
l;p 
15p 
18p 
18p 
25p 

10 ;>! •o 10,000 pf (0.01 uf) in l'lt'..lltip.!e1 Qf 
10 • 15; 22 ' 33 ' 47 ; 68. 
~ 0.22111' !5% 100. llp 

0.01 uF 3lp 
0.015uf 3!p 
0.022uf 3!p 
0.033 o,E 3!p 
0.047uf 3!p 
0 .068 uf 4 p 
0.1 uF 4lp 
O.U uF 4lp 1 

0.22 uf s!p 
0.33 uf 7p 
0.47 uf 9p 
0.68 uF 12p 
1.0 uf 14lp 
1.5 uf ~22p 

2.2 uf 26!p 

Mullord C281 torlos 400Volh Wl<g. 
Metolli.ted rofycorbonote fi1M!10"" 

0.01 uf 
0.015uf 
0.027uf 
0.033 uf 
0.047 uF 
0.068 uF 

5p 
5p 
5p 
6p 
6jp 
6jp I 

0.1 uf 8p 
0.15uf 9p 
0.22uf lip 
0.33 uf IS!p 
0 .47 uf 16jp 

WW---005 FOR FURTHER DETAILS 

Mlxod Dielectric 600 Voht Wile. 

0.01 uF Sp; 0.1 uf 9p 
0.027 uF Sp; 0.22uF 17lp 
0.033 uf Sp; 0.47 uF 26!p 
0 .047 uF Sp; 1 uf 36!p 
0.068 uF 9p ; 

Mhcocf OJelectrlc 1000 Volts Wile. 

1000 pf 6lp; 0.022uf lip 
2200pl 6jp; 0.047uF 13p 
3300 pi 7p; 0.1 uf 13p 
4700 pi 7p; 0.22 uf 24\p 
0.01 uf 1(%>; 0.47 33p 

5olidT-ol .... 8oods 

"' oil ot 16lp 

0.1 uF lSv IOuF 6.3v 
0.22 uF lSv IOuF liN 
0.47 uF 35v IOuF 25v 
1 .0 uf 3S... 22 uf liN 
2.2 uF lSv 47 uF 6.3v 
4.7 uF lSv 100 uF :N 

Ohc. C•romiCJ 750 Voh ~ • 
oil ot S!p ooch 

470 pi; 1000 pi; 5000 pi; 0.01 uf 

1000 pi SIP 
1500 pi Slp 
2000 pf Sjp 

Pvfa-. C•romics olf d lOp eoch 
IHv.D.C.V!I<q 

lOp( 120pf 
22p( 140p( 
68pf ISOpl 
82pl 100!>£ 

lOOp/ 200pl 

8kv D.C. 
200t>f 
220pl 
250pl 
270pl 
30()pl 
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HStSTOKS 
TSo jf(»*Jard ror^m of iUsistors stocked 
ore either E12 or E24 ard the values 
are all in multiples of ton times the 
decode shown below. The EI2 items 
are only those in bold type. The 
EW items are both those in bold arid 
light type. 

10 It 53 56 
II 20 36 62 
12 22 3f M 
13 24 43 75 
15 27 47 82 
16 30 51 91 

CAXBON FILM /i wolf* 5%fol. 2peo. 
E12 Series 10« to MOKf* 

CARBON FILM i wrtt + 5% tol. 
E24 Series 100 to 10AU2. lipea- 

'CERMET' THICK FILM i watt + 2% tol. 8peo. 
E12 series 56a to 150KSI 

METAL OXIDC FILM iwaM + 2%tol. 4ip ea- 
E12 series 10)7 to 1M 

CARBON COMPOSITION i watt 
2.2 ; 2.7 ;3.3 ; 3.9 ; 4.7 
5.6 ; 6.8 ; 8.2 

4ip eo. 
+ 0.5 tol. 
+ 10* tol. 

CARBON COMPOSITION 1 wott 
2.2 ; 2.7 ; 3.3 ; 3.9 ;4.7 ; 
5.6 ; 6.6 ; 8.2 

Sip eo. 
+ 0.5 tol. 
+ 10* tol. 

CARBON FILM 1 watt + 5% tol. 
£12 series lOHto lOMA 
 .. 

Sip Oa. 

OJIBON FI1M 2 «c« i 5%rol, 
ei2»rt<n ion to iomh. 

6ip eo. 

— 

WIREWOUND 2^ wott + 5% tol 0.22 to 0.47 T5i> 
E12 series +10%" 1 to 270 I3p 

WIRE WOUND 5 WATT 13p 

* I 
25 250 1.SK 

1 30 270 I.8K 
1.$ 39 300 2K 
2.2 M 330 2.2K 
2.7 60 350 2.5K 
S.1 U 400 2.7K 
3.8 75 470 3K 
4.7 82 500 3.3K 
s 100 560 S.SK 
5.4 125 600 3.9K 
4.8 133 440 4.7K 
4.2 1W 750 SK 
10 180 820 5.6K 
IS 200 IK 4.IK 
21 220 1.2K 8.2K 

WIRE WOUND 10 waft l4p eo- 
AH the values shown in bold In the 5 wott rrmge 
WI1E WOUND 10 watt + 5% tol - 2(^ ea. 
I OK ; 15K ; 20K ; 25K 
WM WOUND 15 waft ISfcea. 
All the values from 10 uf**ard shmvn in 
bold in the 5 watt range. 

POTENTIOMETERS 

5Kn 230Kn Log or Lin Loss Switch (and IKflLin) 14p 
10K 5COOK Log or Lin with Switch 26p 
25K 1 Meg Dual Less Switch 46p 
50K 2 Meg 1 Meg Log only 57p 

I00K IOK{7Log + I0K Antilog Less Switch 46p 

SUdtrs 
Single 10K 

25K 
50K DUAL 

100K 

33p 
55p 

frtstfs Vertical or Horizontal 
.1 Watt 5ip 

100 
250 
500 

IK 10K 1Q0K 
2.5 25.K 250K 
5K 50K 500K 

.25 Wott 7p 
IMeg 
2.5 Afeg 
5Mefl 

Ctrmti* 100 2.5K 
500 

I OK 
25K 2S0K 
50K 500K 

100K IMeg 

VDK't* 
Thermistors 

CZ1 \/ / '7p cz4 X / 18p CZ13A / Nl / 18p CZ19 ' r\ ,8p. E298CDA258 13p 
E298EDA258 13p 
E298EDA260 I3p 
E298EDA262 13p E298EDA265 13p 
E29e£DP268 13p 
E298ZZ05 13p 
E298Z206 ISp 
E299DDP336 I4p 
E299DDP338 I4p 
E2990DP342 14p E29SDDP348 '4p 
GL16 El .21 
GL23 £1.21 
R53 £1.49 
R54 £1.61 
VA1005 I6p 
VAJ026 I6p 
VA1033 I6p 
VA1034 I6p 
VAI039 16p 
VA1040 I6p 
VA1053 16p 
VA10S5S 16p 
VA1056S 16p 
VA1066S I7p 
VA1067S 19p 
VA1067S IPp 
VA1077 19*, 
VA1098 2Ip 
VAI104 31p 
VA1107 29P 

CAPACITORS 
Ceramfc Plate 
Mwl l««d C3D3 Series 63 Volt s WVg . 

1.8 
2.2 
3.3 
3.9 
4.7 
5.6 
6.8 
8.2 
10 

ail of 5ip each 
pf+0.25pfl2pf -2% 

15 pf 
18 pf 

.'22 pf 27 pf 
33 pf 39 pf 
47 pf 
56 pf 

68 pf ±2% 
82 pf 

100 pf 
120 pf 
150 pi 
180 pf 
220 pf 
270 pf 
330 pf 

Mullord 630 series 40 volts 110% tol. 
• 629 series 100 volts ' 

all at 5ip each 
390 pf 1000 pf :3300pf 470 pf 1200 pf 39CO pf 
560 pf 1500 pf 4700 pf 680 pf 1800 pf •• 10 nf 820 pf 2200 pf * 22 nf 2700 pf 

Erie Monolithic Ceramic 30 Volts - 
27 nf tip; 47 nf 13p; 100 nf 17p 

Low Voltage Disc Ceramics 
all at S^peodi 
0.01 uF 18v ; 0.1 uF 30/ 
0.022 oF 18v ; 0.22 uF 6r 
0.047 uF l&v ; 0.47 uF 3y 

Mylar Film 
:• 
100Volts Wkg. 

1000 pf 2ip ; 0.05 uF 3ip 
2OO0 pf 2ip i O.OdflgF 5p 5000 pf 2ip ; 0.1 uF 5p 0.01 uF 3ip ; 0.2 uF 6ip 0.02 uF 3ip ; 0.47 uF 7p 0.04 uF 3ip ; 

MULLARD C295 Series 63 volrs 
Tolerance 1% Polystyrene 
6,80Qpf (6-8nf > C295 AtVt^KS lip 
8,200pf (e.2nf) C295 AH/D8K2 lip 

13,OOQpf (13nf) C295 AH/^)13K 15p 
i8rDGOpf .I8nf; C295 AH/DISK 'Sp 
20nF (.02uF) C295 AH/D2CK 15p 
30nF <.03uF) C295 AH^SOK 18p 
39nF ( .039\iF) C295AH/D39K I8p 
5lnF i.asiuFl C295 AH/t)51K 25p 

Polysiv'cne 160 volts Wkg. 
Tolerance + ipfupto33pf; i. 5% 47 pf up. All Speach. 
10 pf *o 10,000 pf !0.0I of) in mjlfiplcs of 
10 . 15; 22 ; 33 ; 47 ; 68. 
Wimo MKS 0.22uF ^5% 100v Hp 

Mul loM C280 Series.>250 Volts Wkg 
A4etalliM^ Polyest r Film 
0.01 uF Tip 0.22 uF Sip 0.015 uF 3Jp 0.33 uf 7p 0.022 uF 3^ 0.47 uF 9p 0.033 yF Sjp 0.6fl uF T2P 
0.047 uF 3ip 1.0 uF Uip 
0.068 uF 4 P 1.5 uF 22p 
0.1 uF 4ip 2.2 uF 26^, 
0.15 uF 4ip 

Mullord C281 series 400 Volts Wkg . Metallised Polycarbonate Fllm^TO* 
0.01 uF 5p 
0.015 uF 5p 
0.022 uF 5p 
0.033 uF 6p 
0.0i7uF 6ip 
0.066 uF 6lp 

0.1 uF 8p 
0.15 uF 9p 
0.22 uF lip 
0,33 wF 
0,47 uF lifc 

CAPACITORS 

Silvered Mica 350V. 
Tol.i 0.5pf Hp each 
2.2 pf 18pf 30pf 
3.3 pf 20pf 33pf 
5 pf 22pf 39pf 
10 pf 25pf 47 pf 
Tol.i 1% Hp ooch 
50pf 150pf 
56p# 82pf I80j4 
68pf I00pf 200pf 
75pf 120pf 220pf 

12p each 
250pf 330pf 560pf 
270pf 390pf 680pf 
300p( 470pf 82Dpf 

jOOpf 
17p eoch 

1000 pf 1500pf 220pf 
IBOOpf 

26p each 
2700pf 3600pf SOOOpf 

X700pf 
33p each 

6800pf 8200pf lOOCOjrf 

Mixed Dielectric 600 Volts Wkg . 
0.01 uF 
0.022 oF 
0.033 uF 
0.047 uF 
0.066 uF ^ i 
Mixed Dielectric 
1000 pf 
2200 pf 
3300 pf 
4700 pf 

6ip; 
6ip; 
7p ; 
7p ; 0.01 uF 10p ; 

0.1 uF 9 p 
0.23 uF 174p 
0.47 uF 26iJp 
1 uF 36ip 

1000Volts Wkg. 
lip 
'3p 13p 
24lp 
33p 

0.022uF 
0.047 uF 
0.1 uF 
0.22 uF 
0.47 

Solid Tantalum Beads 
oil of I64p 

V 
0.1 uF 35/ 10 uF 6.3v 0.22 uF 35v 10 uF 16/ 0.47 uF 35v 10 oF 25v 1.0 uF 35v 22 uF 16/ 2.2 uF 35/ 47 uF 6.3y 4.7 uF 35v 100 uF 3/ 
Feed-through Ceramics 
1000 pf 350v 6p 

Disc Ceramics 750 Volt Wkg. 
all at 5ip each 
470 pf; 1000 pf; 5C00 pf; 0.01 uF 

Tiiwlar Hl-K Ceramics 750 Volts VAg. 
1000 pf 5ip 3COO pf 5ip 
1500 pf 5ip 5000 pf 5ip 
2000 pf 5ip 0.01 uF Sip 

Mse Ceramics all at lOp each 
12 kv.D .C. Wko 8kv D .C. 
lOpf I20pf 20^? 
22pf '40pf 220pf 68pf ISOpf 250pt 
82pf ICOpf 270pf lOOpf 200pf 30Qpf 

VAT IXd l SIVI' PRICIiS AT « 
OVERSEAS CUSTOMERS DEDUCT z/27 
VAT INVOICES ON REQUEST 
PAP On U K Orders 15p . Ovrrrsons Orders .11 Cost 

WW—00S KOR FURTHER DETAILS 
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INDtiCTORS TtiNING CONDENSERS VER08011RD 

FRA I L.or,g & Medlum W<No bond (300pf) 86p 
FRA2 L.or,g & Medlum • (500p& 86p 

I 1501ch. to oiOOich. 
2 515 lch. to 1.5451.'1.3 
3 I .67 Mh1 to 5.3 Ni\3 
4 5~ to ISNi\3 
5 10. 5~ to 31.S ~ 
6 30Mt-& to 50/IN-a • 
7 45~ to ~ Mfr<• 

• SO pi tuni~,. oU otMrs bcned on 300 p(. 

SMres A Transistclr- 4!;1 eoch 

Only ovollli!ble in r~s 1 to 5 i.nc. 
-4 Coil. comPlete each rqe.: 

A..rioiColl 

l.F. '"'•"'-

Bluo 
Yellow -
Rod Osc. Coli fot 465 lch. I.F. 
'M-11te Osc . Coli f<>< 1.6 M.x I.F. 

givo rqe nomber ; letter ' l ' and colour. 

s. .... a Duol Purpooe Coli.«, e«h 

For FET or Valve Circulh m 
All tG1"9ts gvallable 

5 COil• oomploto -'> '""""' 

atue Mrtot 
YeHow - tnterstc:o• I,F. 
Grur'l .. l.F . plus reoetion 
Red Osc . Coil for 465 khg I .F. 
Whlto Ose. Coli f« 1 .6 M.x I.F. 

(Noro - Rod insteod of """lt• lor 
"'"801 6 & 7}. 

-20°C 

to +85°C 

33 
47 
68 

100 
150 

220 
330 
470 
680 

I COO 

Tuned 81ock Filt« inc.orporoting o 
C.omic ele!Mnt. Prt"''iigned 
ro 470 Kh~. 3db boodwldlh SK~. 
Zln lOOK. lour lOOK, 

lP1175 £1.~ 

465 khz 1st & 2od d/luned 
465 khz: final si~le toned 
10.7~d/l-
1.6~ 1st & 2ndd/luned 
1 .6 Nl>x Flnol .-'tunod 
465 khz <>< 1 .6 Nilx d/tuned 

6!1> 6!1> 
6!p 6jp 6jp 

6jp 6!1> 
6jp 6!p 

6lp 6!p 

6!p 6lp 8p 
6jp 8p lip 

8p lip 
I~ 14p 

13p 14p 19p 

18p 19p 25p 
18p' 24p 
26p 

o"c 
to '+70°C 

~ 

6jp 

6!p 
6!1> 

6jp 
6jp 
6!p 

6!1> 8p 
8p lip 

lip 14p 

l4p ~ 
~ 25p 
22p 25p 

44p 

I l to9: £1.<19 eoc:h, 

6!p Bjp 

6!p Sjp 
6jp 
6jp lip 

8p 
lip 
14p 
14p 

2Sp 

19p 
25p 
26p 

44p 

79p 

' 
, 

" ' 
'. 

I! 
IUtiMINitiM HOKES 

rN 

12'1 

lrN 

v 

I 
TM625A l OOSTI l1 29 TOA1405 7805UC 

(MVItSV) 
£1.03 £1.45 £1.39 972 £2.41-_ 
TIIA6251 (036!1 ll30 TOAU12 ~12\JC 

(M'/112'1) 
£1 .03 £1.45 £1,39 97p £2.42 

!IIA623C C037Ti LIJ1 TDA14\3 -~ISUC 
(MVIISV) 

£1.03 £1.45 £1 . 39 97p £2.42 

·~; .5ICIOmA ond ~ rape.;tively. 

THYRISTORS SCR 's 

~ .. ~,~ 
Mal03 
MCI104 
MCII20 

106F ~ 

1064 48p 
1061 SJp 
1060 67p 
106M £1.50 

2N4441 87p 

2N4442 £1.06 
21-Uo443 £1.45 
21-U414 t2.09 

With &oseplot• and •crows 

H 

REF 

(No.) (L) (W) (H) PRICE P&P 

A87 '1:" 51" H" 45p 15p 

A88 4" .. ll"' 45p ISp 
.... ., •• 21" n· 45p ISp 
ABIO .. .S-i .. tl• Sip 15p 
A811 4 " 2!" 2" 45p ISp 
AB12 3" 2" 1" 38p 15p 
A813 6" (" 2" 61p 17p 
ABI4 7" 5• 2~" 73p 17p 
ABIS s· 6" 3" 92P 17p 
All6 ro· 7" 3" £1 .05 ~ 
ASI7 10" , ; .. 3" 92p 25p 
AilS 12" s· 3" £1.04 25p 
A819 12" e· 3" £1.38 25p 

g • x i • 
21'" X 3~'" 

2!" x s· 
3!• X 3~• 

33'" x s· 
17" )( 2~-
17" X 3~" 
17• X s.• 

7p 
26p 

3~ 
~ 
34p 
90p 

£1.21 

0. 15" 

7p 
21p 
25p 
25p 
34p 
69p 
75p 

12p 
13p 

25p 
45p 
57p 
9'/p 

P&P 

lOp 
lOp 
lOp 

o.I.P. e .. ~ 4.ts•. 6.15" £1.40 

~ 
63p 
51p 
221> 

VElOSTitiP (Sroro .1• or .IS") 
Pin lnsenion Tool (State .1• or .15'") 
Spoi Fcx:e Cvtter 
Tcrmina• Pint; tn Pkho of 50 (State .t " 0t .JS•) l()()pf 69p• 

300pl 69p 
SOOpf 69p Oetoils oli.C.'s; Rectific=n; Diodes; Bridge,; Po_pive 

Ccmponentt; UO"s; Clodcs; Trioct tiC. eon be tHn 

on oth• pogft oncVcr i-SSl.lft ol WJrel.u WCII'fd; Proetieol 

Witeleu; ond ProcHcol Electronics . 

. DIODES 
M119 ·~ IYI03 22p 
Ml20 I~ 8'1'105 16jp 

8jp Ml29 I~ IYI26 16p 
MIOO I~ IY I27 16!1> 

8jp 17p(4uF) M102 27p IY I33 23p 
'IAIIO 44lp 8Y164 S4p 
MilS 19p IY176 £1.62 

21p Ml44 ~ IYI82 £1.62 
M145 22p 1'1'250 · 2Sl!> 

24p( 16uF) M148 22p IZX70 27p 
Ml54 ~ S.ries 
MISS IS !p 8ZY88 l ip 

33p(3a,F) MIS6 16~ S.ries 

25p(SM) 8AXI6 I~ Qo.47 

811104 45lp ~79 
35t;N 881058 41lp ~81 

IY IOO 16!p 01.85 

ACI07 52jp ZTX301 

AC 126 S9p ZTX302 

AC 127 93jp ZTX303 

ACI29 13p £1,18 ZTX304 

AC I76 15p £1.01~ ZTX311 

AC 187 22p £1 .42i ZTX312 

ACI87K ~ MJ900 £1.42~ ZTX341 

AC 188 22p 73p MJ 1000 £1 • 22 ZTX384 

AC188K 25p 89jp MJ29SS £1.88! ZTXSOO 

ACYI7 39p ~ MJ3055 £1.21 ZTX501 

ACY17 38lp 44p MJ4000 £1 .46! ZTX502 

ACY20 2'4> 80132 52p MJ4010 £1.95! ZTX503 

AD140 4&lP 8013~ £1.17 MJ£340 45p ZTX504 

AD149 48jp 80135 41jp MJE3SO 97it> ZTXS31 

AD161 37jp 80136 43jp MJE29SS £1.20 ZTXSSO 

AD162 38!p 80201 £1.95! MJE30S5 72p 2N697 

AD161/62MP 74p 110202 £1 .46! MPFI02 27p 2N706 

Afl14 17p IIFI09 74p MPF103 40!p 2N708 

AFI IS 17p IIFIIS 25p MPF104 44jp 2N91 4 

Afll6 17p IIFI60 2Sjp MPF IOS 44!p 2N930 

Afll7 17p IIFI67 24p MPFI06 49p 2NI302 

Af 118 Solp IF 173 24j> MPF Ill 22p 2NI303 

Afl24 32jp IIFI~ 28jp MPSI.Xl6 63p 2NI304 

AF139 34jp IIF179 32-lp MPSUS6 77p 2NI305 

AFI72 25p 8FI80 32jp OC28 49lp 2NI306 

AF239 40jp BF18 1 32jp OC3S 49lp 2NI307 

ASY26 32jp IIFI84 27jp OC36 49jp 2NI308 

ICI07 lip 8FI85 27jp OC44 14p 2N1309 

ICI08 lip IIFI94 ISp OC45 14p 2NI711 

~91 8p 
~200 lip 
~202 12p 
ZS120 8p 
ZSI~O 25p 
ZS141 42lp 
ZSI42 32-lp 
ZS170 I~ 
ZS270 lip 
ZS271 16p 
zsm ~ 
IN914 8p 
JN916 lOp 
IN4009 7p 
11-14148 Sjp 
IN4448 9p 
IZS SerHu 18p 

13p 12p 

17p ·~ 
14p ·~ 
21p l ip 
I~ 2N3711 li p 
lOp 2N3772 £2.00 
22p 2N3791 t2 .55 
18p 2N3819 27jp 
12p 2N3821 81p 
13p 2N3823 99p 
17p 2N3003 l ~jp 
14p 2N3904 19p 
42!p 2N390S 23p 
22p 2N3906 25o 
17p 2N40S8 13lp 
l6)p 2N4059 19p 
13p 2N4062 16p 
16/.p 2N4289 19p 
24lp 2N444t BSjp 
22p 21-14442 £1.04! 
~ 2N4443 £1 .42! 
2-lp 2N4444 12.06! 
24p 2N4871 S9p 
24p 2N4901 £1 .41 i 
24p 2N5067 £1.07! 
27p 2N51 29 16lp 
34jp 2N5172 lip 
34jp 2NS1 Ql 77p 

IC109 12p IIFI95 17p OC71 14p 2NI718 

8CII7 22p IF196 16p 0C72 14p 2NI893 

26p 2NSI94 91p 
U.37 2NS295 52!p 

S2p 2NS447 16p 

8CI47 I~ IIF197 16p OC75 15p 2N2218 

8C 148 I~ IIF200 31 jp OC76 27p 2N2219 

ICI49 1~ IIF2448 27p OC81 14p 2N2~ 

8C 157 13p IF262 25p OC83 2:Sp 2N2894 

8CIS8 12p IIF263 25p OCI70 27!p 2N2904 

ICIS9 1-lp BF272 £1.19 OCI71 32jp 2N2905 

BCI67 17p OCP71 £l.S4i 2Nm4 
8C I688 1 1~ IFS97 23p ORP12 65p 2NmS 

CCI69 12p IFS98 ~ TIP29 S3!p 2N2926G 

BC171 ~ IFWIO 65p TJP31 67p 2N30S3 

ICin 17jp IFX29 .rip TIP31A 67p 2N3054 

BCI77 22p IFX88 26p TIP32A 79jp 2N30S5 

BCI~ 22p IIFY50 22p TIP41A 79jp 2N337S 

BC I79 24p IIFY51 22p TIP42A 97jp 2Nl442 

8C182l l ip IFY90 £1 .09 11543 36p :>.N3566 

8CI83l 12p llltlOO 42if, TIS88A 36jp 2N:J638 

IC184l 111> llltY39 43if, TIS91 32it> 2N3702 

IC187 27p ISX20 18p ZTXI07 I~ 2N3703 

IC20C lolp ISX21 22p ZTX toe 1~ 2N3704 

IC209 14p ISY9SA lolp ZTXI09 ISp 2N370S 

8C212t. 12!p 8U105ft2 £1 .95! ZTX300 12p 2N3706 

22p· 2NS44Q 16p 
38lp 2NS457 46jp 
S4p 2NS4S8 43!p 
97!p 2NS459 43jp 
32jp 2N5485 S2jp 
30lp 2Nsm 48!p 
16p 2N6068 44jp 
18p 2N6069 51jp 
16p 2N6070 S7p 
19p zN607i 62p 

50jp 2N6073 67~ 
Sljp 2N6075 £1.462 

£3.561 2N6076 16if, 
£1,19 2N6111 S4p 

18p 2N6288 ~ 
20p 3N I40 99jp 
13p 3NI 41 87!p 
12p 3NIS3 87jp 
13p 40321 S4p 

12;,. 40430 £1 .39 
14p 40673 SSp 

2 

.,. , , .• ,., JN(.,J (JSI\' 1., I)J»J(.,I.,S OVERSEAS CUSTOMERS DEDUCT '27 

C) • J.t ,1 ~ L. ~ .... J ~... ~~TPI~~~~~S g~e~~~~S1~p Overseas Orders at Cosl 

Wireless World, December 1974 
a87 

MM 
T 

LU 

T 
LL electroRics 

Dept. 5 
56, Fortis Gteen Road, London, N10 3HN. 

telephone: 01-883 3705 

INDUCTORS TUNING CONDCNSCRS V6R080ARD 

Deoeo Max/'-O Colls 
FerrlFc Rod Asriali 
pmt==q!B21iIpf 

FRAl Long & Medium Wove band (300pf) Wp 
FRA2 Long & Medium * (5Of^0 04p 
Tuning GjiIs in two Mries: 
Rcrigo 

150 Un 
515 kfe 
1.67 Mhx 

5 Mbz 
10. 5 Mbz 

30 Mhx 
45 Mhx 

400 khz 
] .545 Wk3 
5.3 Mh3 

15 Ai«h3 
31.5 Mhz 

50 Mhx ' 
78 Mhx* 

Tuned Block Filtef ioccrpceoMng a 
Coramic element, he-aligned 
to 470 Khz. 3db bandwidth 5Khz. ZinlOOK. Zout 100K. 

LP1175 £1.46 

I.F. Trorofotmeri 

' 50 pf tuning, all other* baied on 300 pf. 

Serlea A TtarwirtOf ~ 49p eoch 
Only available in ranges 1 to 5 inc. 
4 Coils complete each rcetge: 
Blue - Aerial Coll 
Yellow ■" R.F. Interdcge 
Red - Ok. Coil for 465 khz I.F. 
White - Ojc, Coll for 1.6 Mhz I .F. 
give range number ; letter ' T * i**d colour. 

IFT 13 
1FT 14 
IFT 15 
IFT 16 
IFT 17 
IFT 18 

465 khx lit & 2nd d/luned 
465 khz find single tuned 
10.7 Mhz d/tuned 
1.6 Mhz 1st & 2nd d/toned 
1.6 Mhz Final ^uned 
465 khz or 1 .6 Mhz d/tuned 

65p 
65p 
65p 
65p 
65p 
75p 

Series B Dual Purpose Coili 48p each 
For FET or Valve Cireoits 
All ranges available 
5 CbiU complete eoch range: 
Blue - Aerial 
Yellow - Interstage R. 
Green - R .F. plus react ion 
Red - Osc. Coll for 465 khg I.F. 
White - Osc. Coil for 1.6 Mhz I.F. 
(Note use Bod instead of Vihite for 
ranges 6 & 7 ). 

.F. 131 

We stock from 1 yliH to 19 mH 
Check levels & prices when ordering 

3 gang 31 Op* 208 + 176 pf 
with screen & 
rrimmers E3.W 

£1.48 TYFz C804 
DI LEG ON 

Slow Motion Dr<ve 
Ratio 6:1 Rof: 4511 

TYPE O 
lOpF 
ISpf 69p lOOpf 

SOOpf 
500pf 

20pt a3p 6Vp 
69p SGbf 94p 5001 £1.07 

£1.30 
365 75p( 94p 
365 365 pf 990 I OCpF 

COPPERCLAD PLAIN 
O.!" 0.15" 0.IS" 

2i-xl- 7p 7p - 
24"x 32" 26p 21p I2p 
24" x 5" 30p 25p I3p 
32" x 32" 30p 25p " 
32" x 5" 34p 34^ 25p 

17" x 2?" 9Qp 69p 45p 
17" x 32" £1.21 75p 57p 
17" x 5" " 99p 
D.I.P. Breadboard 4.15" x 6.15" VEROSTR1P (State .l"or .15") 
Pin Insertion Tool (State .!"or .15") 
Spot Face Cutter 
Terminal Pins in PVts. of 50 (State .1" or .15" 

lOp 
lOp 
10p 

£1.40 
30p 
43p 
51p 
22p 

Details of I.C.'s; Rectifiers; Diodes; Bridges; Passive 
Components; LED's; Clocks; Triacs etc. can be seen 
on other pages and/1 
Wireless; and Proctlr 

issues of Wireless World; Practical 
I Electronics. 

6* 

16V 25V rov 63V 

Electrolytics 

6jP 6ip 
6$p 
6ip 
6jp 

I5p 

8jp I7p(4oF) 

6ip 
63P 6jp 

6ip 
6^p dfei 

6jp 
8ip 

lip 

2Ip 
24p(16uF) 

33 6ap 6io 6Jp 
47 Aip 6!p 6io 6jp 6jp Bp 
66 6fe) 650 Up 

100 AJp 6ip 6f ip If Zip 
150 6^p 6ip Up Up If 
220 633 

6^> 
6ip Bp lip If If 3lp 

330 Bp lip 2ip fp 
470 Bp Ho If UJp 2f fp 
680 lOp lip 20o Hp if 

1C00 I3p ■<P If 2f Hp <f 7f 
1500 lap If 25p 2200 I8p 3f f 7f 14f 
3300 ap 4700 25p «p rf I4f 252p 
£800 rip 

33p(32jF) 
25p(50uF) 

35 tV 

DtODeS 
AA119 10p BYI03 22p 0A91 8p 
■4AI20 lOp BY105 I64p 0AW0 lip 
AAI29 I0p BY 126 16p 04302 I2P 
BAI00 lOp BY 127 16jp ZS120 Bp 
8A102 27p BY 133 23p ZS140 25p 
UIIO 44f 8Y164 54p ZSU1 42i> 
MU5 If BY176 £1.62 ZS142 32ip 
BAI44 20p BY182 £1.62 ZSI70 10p 
SAI45 22p BY230 2549 ZSZ70 lip 
8A148 2f BZX70 27p ZS271 I69 
SAI54 20p Series ZSZ78 36ip 
RAI55 I5ip BZY88 Mp IN9I4 Bp 
BA156 16ip Series 1N9I6 IQp 
UXI6 lOp 0A47 lip IN4009 7P 6BI04 45f 0A79 I0p IN4I40 5ip 
881056 OAS I 8p IN4448 9p 
BY100 fip 0485 

0490 
lOp 
8P 

IZS Series 109 

TRANSISTORS 

RCCULATORS DIGITAL SWITCH 
50&nA 
(TO-3) 

SODnA I OOmA ao-22Q (SOT-32J (TO-39 
0G -20 C 

to +70 C to +85 C 

BCD encoded digital switch 
Reading 0 'o 9. Suitable For 
digital clock olo»m selling 
DVM input scaling etc. 

1 lo9; £1.49 each. 

5V TBA625A 
£1.03 

L005TI 
(MVR5V) 
£1,45 

L129 
El .39 

T DAI 405 
97p 

7B05UC 
£2.42 

IZV TBA625B L036TI LI30 TDA1412 7812UC 
£1.03 

(MVR12V) 
£1.45 £1.39 97p £2.42 

15V TBA625C loam LI31 T DAI 415 78151X1 
£1.03 

IMVR15V) 
£1.45 £1.39 97p £2.43 

ALUMINIUM BOXES 
With Baseplate <**1 screws 

AC 107 
AC 126 
AC 127 
AC 128 
AC 176 
AC 187 
ACI87K 
AC 188 AC188K 
ACY17 
ACY17 
ACY20 
AD 140 485P 
AD 149 48^3 
AD 161 372p 
AD 162 38jp AD161/62MP 74p 

16p 
13p 
I3p 
I3p 
I5p 
22p 
20p 
22p 25p 
39p 
22p 

"600mA; 500nv4 and 450nvA, respectively. 

THmSTORS SCR's 

■ . - 

lasy MO 102 32p 39p 3CV I Oar 46P 4N4441 
MCxlCX) 
MCIIW 
MCRI20 

MS 
49p 106*. 
51p I06fi 20tM 53p 

I0W ♦XV 67p 2N4442 £1.06 
2N4443 £1.45 
2N4444 £2.09 

REF 
(No.) (U (W) (H) PRICE PiP 
AB7 'li' 5J- UM 45p I5p 
AB8 4" 4" 11" 45p 15p 
AB9 4" 23", U" 45p If ABI0 4" 5z" U" 5»p If ABII 4" 21" 2" ♦Sp If 
ABI2 3" 2- T" 309 15p 
ABI3 6" 4" 2" 61p I7p 
ABU 7" 5" 24" 73p 17p 
A015 8" 6" 3" 92p I7p ABU 10" 7" 3" £1.05 TOp 
AB17 10" 4}- 3" f 25p 
ABI8 12" 5" 3" £1.04 25p 
Aal9 12" 8" 3" £1.38 25p 

AF114 
AFI15 
AF116 
AF117 
AF118 
AF124 
AF139 
AFI72 AF239 
ASY26 
BC107 
BCIOS 
BCI09 
BCI17 
BCU7 
BC148 
BCI49 
BC157 
BC158 
3C159 
8C167 
BC16eB 
DC 169 
BCI71 
BC172 
BC 177 
BCI78 
BC179 
BC182L 
BC183L 
801841 
BCI87 
BC204 
BC209 
BC2I2L 

I7p 
17p 
17p 
17p 
54p 

25p 

lip 
lip 
12p 
22p 
10p 
10p 
lOp 
I3p 
I2p 14p 
17p 
"P 
12p 
20p 
'7jp 
22p 
22p 
24p 
Hp 12p 
12P 27p 
I4p 14p 
12jp 

BC213L 13D D13V 524p ZTX301 13p 2N3707 12p 
8C2141 13p D40N3 59p ZTX302 17p 2N3708 10p 
BC268 I5p MJ480 93^. zrxsoa 14p 2N3709 lOp 
BC407 i6p MJ481 £1.18 ZTX304 21P 2N3710 lip 
BCY70 17p MJ490 £1.014 ZTX31I lOp 2N3711 lip 
BCY7I ?2p MJ49I £1.424 ZTX3I2 10p 2N3772 £2-00 
BCY72 17p MJ900 £1.424 ZTX341 22p 2N3791 £2,55 
BO 115 73p MJtOOO El.22 ZTX384 I8p 2N3819 27 4p 
BD123 89ip MJ2955 £1 .884 ZTX5O0 I2p 2N3821 8'p 
BO 124 804p A4J3055 £1.21 ZTX501 I3p 2N3823 99p 
B0131 44p MJ4000 £1.464 ZTX502 17p 2N3903 lijp 
8D132 52p MJ4010 El.954 ZTX503 140 2N3904 19p 
BDI3V2PR £1.17 MJE340 45p ZTX504 42 jp 2N3905 23p 
BD135 41jp MJE350 974p ZTX53I 22p 2N3906 25p 
BDI36 434p MJE2955 £1 -20 ZTX550 17p 2N4056 I3jp 
BD20I £1.954 AUE3055 72p 2N697 16lp 2N4059 19p 
BD202 £1.464 MPf 102 27p 2N706 13p 2N4062 16p 
BF109 74p MPF103 40^ 2N708 16np 2N4289 I9p 
BF1IS 25p MPF 104 44 4p 2N9U 24 ip 2N444I 8549 BF160 25 4p MPF 105 44 4p 2N930 22p 2N4442 £1 .044 
BF167 24p MPF 106 49p 2NI3C2 20p 2N4443 £1.424 
BF173 24p MPFI1I 22p 2NI3C3 2*p 2N4444 £2,064 
8F178 284p MPSU06 63p 2N1304 24p 2N4871 59p 
BF179 324p MPSU56 77p 2NI305 24p 2N490I £1.414 
BF180 324p OC28 494p 2N1306 24p 2N5067 £1 .074 
BF18I 324p OC35 494p 2N1307 27p 2N5129 I6ip 
BF184 27ip OC36 494p 2N1308 34^ 2N5172 Hp 
BF185 274p OC44 149 2NI309 344p 2N5I91 77p 
BFI94 I5p OC45 149 2N17n 249 2N5I94 9Ip 
BF195 17p OC71 I4p 2NI718 £4.37 2N5295 524p 
BF196 149 OC72 149 2NI893 52p 2N5447 149 
BF197 149 OC75 '5p 2N2218 22p 2N5449 I6p 
BF200 3l4p OC76 27p 2N22I9 384p 2N5457 46*9 
BF244B 27p OC81 149 2N 2646 54p 2N5458 434p 
BF262 25p OC83 25p 2N2894 974p 2N5459 43 ip 
BF263 25p OC170 274p 2N2904 32^3 2N5485 524p 
BF272 £1.19 cx:i7i 324p 2N2905 304p 2N5777 484p 

cx;p7i £1.544 2N2924 I69 2 N6068 4449 BFS97 23p CRP12 65p 2N2925 I8p 2N6069 514P 8FS98 20o TIP29 534p 2N 2926G lOp 2N6070 57p BFW10 ^ TIP31 67p 2N3053 I9p 2N607i 62p BFX29 TIP31A 67p 2N3054 50 4p 2N6073 67p 
£1.46? BFX88 249 TIP32A 794p 2N3055 5l4p 

£3.564 
2N6075 BFY50 22p TIP4IA 79b 2N3375 2N6076 I64p BFY51 22p TIP42A 97b 2N3442 El.19 2N6111 54p BFY90 £1.09 TIS43 36p 2N3566 18p 2N6288 40p BR100 424p TIS88A 364p 2N3638 20p 3NI40 994p BRY39 TIS91 324p 2N3702 I3p 3NI41 874p BSX20 109 ZTXI07 lOp 2N3703 12p 3NI53 374? BSX2I 22p ZTXIOe lOp 2N3704 - IDp 40321 549 BSY95A 14p ZTX109 15p 2N3705 I2i9 40400 £1.39 

BUI05/D2 £1.954 ZTX300 I2p 2N3706 I4p 40673 559 

«*. VAT INCLUSIVE PRICES 

OVERSEAS CUSTOMERS DEDUCT 
VAT INVOICES ON REQUEST 
R8P On U.K. Orders mm.lSp.. Overseas Orders at Cost 
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300 VA ISOLATING TRANSFORMER 

~~~~ff~~fgnc:~3"81~'o,,~~'::~:~C:t"t\!2' :rs ~:r:~·,t,1J~ 
e1ch for 115 or 230 volts output. Cam be used i.n serieo or parallel 
CO<)nectioos. Fully tr!'l?'collsed. ~'lth 13.5 em. Width 11 em. 
~~~~;~8~m. W ooght 15 lb. PECIAl OF~ER PRICE Only 

VENNER TIME SWITCH 
TYPE HSQP 
2001250 Volt 2-QN(2-QFF ove<y 24 houn at any 
manually pre--·set time. 20 amp contacts. fltted 
~~·~~sf~: Teated and In good condition 

A.C. MAINS 
TIMER UNIT 
Based on an eWctric:: dodc. with 25 amp. 
single•pole switch, which .. n be pre .. t fo< 
eny period up to 12 hn. ehead to switch 
on for anv length of tim.. from 10 mins. to 6 
hrs. then switch off. An edditionat 60 min. a\Kiible timer is also 

=:~~:!:Sh,c"':.~~* ~~e 'tf5u~!1~3g1~~~-
so mm. Price £2.00. Post 201). fTotal inc. VAT &: PotJt £2·38). 

· UNISELECTOR SWITCHES-NEW 
4 BANK 25 WAY FULL WIPER 25 oltm coil, 24v, O.C 
operation U·90. Post 30p. ~ 
IBAIIK 25 WAYFULL WIP£R 15 ohm :'!. 
coil, 2-4 y. D.C. £7.90. Post lOp. . • 
8 BANK 25 WAY FULL WIPER • 
2-4 Y. D.C. operation £9·50, Post -«lp. • .. ~ •• ~·· 

MINIATURE UNISELECTOR SWITCH 
~~::.~. ~~- ~h w:'nc~?ta<;y 
contacts. NEW Priea £2·150 Poet 2~. 
Ali above but with !) Bonk, 12 positoon. 
Prioe £3.50 Post 20p. .. 
PROGRAMME TIMERS 
230/2.40 Volt A.C. 15 RPM Motora. 
Each cam OPf!'Flltes a c(o micro 

:~l~!;Jd~~~pr:;. ":~··'"'· ·~~~·~ 
ment 'ested. similar to ilustration. 
2 eem rno<lel ••••• £2.00 poot 30p 
• O<Jm rno<lel • •• • • £2.150 poet 30p 
6 aom model .. . • . £3.2:5 poet 30p 
6 eam model 3 RPM £3.25 post 30p. 

MI-. Roaer Mk:ro Swlteh. 5 amp. 
VERY SPECIAL OFFER • 

'18 ~ .. ~~So~lPos~~~~~~n N.;~r Plt.J 
As obovo w;thout roller. 20 fO< £2.00. Post Hlp. {Min. ordor 20.) 

'HONEYWELL' PUSH BUTTON, PANEL 
MOUNTING MICRO SWITCH 

ASSEMBLY _. .. · 
&ch bank eomprisee of a ehang...,ver 
ralod at 10 amos 240 volt A.C. Black • 
knob 1 ln. dia. FlxJno holt I ln. Price•: 
1·bank :lip, 2-benk ..., 3-bank Mp. 

lllluatratod) Inc. P. 1. P. Spec:lal quotH 
orquantlu ... 

230-250 VOLT'A.C. SOLfNitiO, 
Stmllcsr • in ~arance co illu.stratlon. 
ApprO>Cimatei¥ It lb. pull. Size of feet 1 :• X 
14•. Pllcc £1-(10 Post 15p. 

24 VOL'F DC SOLENOIDS 
UNIT containing: 1 Maw duty solenoid approx. 25 lb. pun 
:t~!,~~~:r;;e~f !P:~·)(~0~~~.0~u1f:[ixin; t1~v!1~~~~~~ 1 ~·vtr~~~: 
~..:'~':;"l,~'Y t moke oolay. Prioe: £2·150. Post 60p. ABSOLUTE 

Hi1h Visibili~,. LEOs 
Panel Mounton1 
25 inch mounting, ··1& Inch lens. Typical p.eramelera 2 volt 
20 rn.a. all types. S~;.d COft"'IPPe1e with snap in mountinoa 

and data. Red 41or £t•, Green 3 for £t-tt. Yellow 3 tor C1• 
Pos1 1 Op. lM-i.n ordct £1.00 ) 

LED READOUTS 
7 aeries lh> ·op .j.• hign cheractoro. 14-pin o.c.L 
Ava.llable in rod or green. a-es~ post 10p; 4 for 
£6.00 pos-t paid. 

New cetamlc: eonsttuction, vltttous 
otnamel embodded winding, hoavy duty 

brush usembly. conUnuou•lY rated. 
25 WATT 10. 25. 100. 150.500. lk"ohm. £1-16 Post lOp. 
50 WATT I . 5. 10. 25. 50. 100. 500 ohm 

roo60w"~ 1l'ri0125150/100/250/500/1k/1·5kl2·5k!Sk ohm 
£2·35. Pos1 15p. 
Black SilverSklrtecl knob calibrated in Nos. 1-9. II 
in. dia brass bush. Ideal for a bon Rheostats, :Up M. 

1\ii;{t]:JJfii;uJ:Jail;u!:JDI 
: FOUR EASY TO BUILD KITS USING XENON WHITE : 

lt ~~ErJ:~H ci~5~ts~0'i!~o~;1t~ Tt~kNG Et. i< 
lt TERNAL TRIGGERING. 230-2:SOv. A.C. OPERATION. -1< 
lt EXPERIMENTIRS "ECONOMY" KIT -1< 
: Adlustable 1 to 30 Ftaah per sec. All eltclronle co,.,.. : 
,.._ ponenl:$ including Xenon Tube + inetruc:11onl £1·31. -tr 
,. Post 30p. i< 
>t- INDUSTRIAL KIT i< * Ideally aultable for schools, laboratories etc. Roll01 ~ * tin pri nted c;ircuit . .. AdJu~ttlible 1-80. f.p.s., approt. i -tc * outpul of Hy·Lvghl. Pnco £:14·00. Post SQo. +: 
lt HY·UTE STROBE Mk IV -1< * Oeslg.ned fOr uae In faro• room.a. h.alls and uUIIua a -tt 
lt amca tube, prlnttd cfrc.ult. SpHd adjostable 1-20 t.p.s. -tt' * light output greater then meny (so c;alled 4 Joule) iC 
>t strobes. Price flo&-00. Po$! SOp. -1< 
lt 'SUP£R' HY.UGHT KIT i< ! Approx. 4 Uma the light output of our well proven ! 
* ~rn-::1~1 :=eirom 1-1S ftaah per sec. -1< *" Reactor .co('llrol clreuit producing an Intense white it 
lt light. OftLY £22·00. Poet 75p. -1< * ATTRACTIVE, ROBUST, FULLY VENTILATED -1< 
: METAL CASE lor tho Super Hy-Lyght Kit Including : * "'flecror. £8-00. Post 60p. _ -1< 
lt FOR HY·LYGHT STROBE Incl. reflector, £5·75 .. .f< 
,. Post 25p. i< 

!**************************! ,. COLOUR WHEEL PROJECTOR.., 
: Compleu with oil filled .. : * colour wheel. 100 watt lamp. -1< * 200{2~0V AC. features ex· ' '- i< * tremely efficient optical ' -tr 
>t- system. £18·50. Post SOp. -1< * ... lt I R.P.M. MOTOR and • i< 
>t COLOUR WHEEL -1< 
lt 200/240 volt A .C. I r.p.m. motor. and whcol £5.60. : 

! :of..;'~ (~g~'(,0~1~~~H"~P,·(~~~rica £4.50. Poet i< 
,. 301>. ... 

t*************************t BIG BLACK LIGHT 
: . 400 Won. Mercury vapour ultra v;olet lamp. t 

Extremely QOfnl)eCt end powerful source of u.v. 
lt Innumerable indultriel applications otso ideel tor i< 
! :r.r·.=~,r:i% •::i .:.~~-:,.: :.:""&>!t~ : *· £1&oo. Post £1. Spare bulbC7·00. Post 40p. i< * *************************** ... lt BLACK LIGHT FLUORESCENT U.V. TUBES ,-jr * 4ft. 40 wett. Prioo fS·I50. !Callers only). 2ft. 20 wett -1< * £4-25. Post 25p. tFor use in stan bi·pin fittings.~ MINI ,. 
lt t2in. 8 w.m £1-410. Post 15p. 91n. 6 wett£1·30. Post -1< 
,. 15p. Complete ballast unlt and holders for either 9" or +: 
)f. 12"' tvbe. £1 ·70 . Post 25p. (91n.x 12in. m~asures approx.J, ~ 

*'*************************• ! U.D.1. SINGLE CHANNEL. 750watt! 
,. MANUAL/AUTO DIMMER • 
: l:' t'~ s~r~~h '/:.:J:.....~ist~~ ! 
lt cycling up and down. ~'unctions selected w;th 'dvee ' -1< 
: ~~- .;,.~ "e:~;,g~~.~"e:.t ~~.cl~f!Gx ~ ~: * Ql<lss fibre board "-'"ling 10 amp lRIAC. Two or -tr ! ;;:::~ng~=pJ~E~II~~~3~~ur blending end ! 
*****************************~ 
GENERAL ELECTRIC POWERGLAS TRIACS 
10 amp. Glass pauNeted plastic Triac. Letest device from 
U.S.A. long term rafoabaity. TVl>O SC 146E 10 omp. 500PIV. 
£1..00. Post 69. (lndusi" of data and applicatton &Mel• suitable 
Oiact8p. 

INSULA nON TESTERS (NEW) 
Test to I.E.E. Spec. Rucrg.ed .metal con­
struction, suitable torr bench or field 
w >rk, constant a peed cl•tch. Site L 8 in,, 
W. • in .. H. 6 ln., woloht 8 lb. 
SM VOLTS, SCIO m011ohma £U·M. Post 
60o. · 1,111 VOL ?S, 1,000 magol>ma 
f.U·M. Poat SOp, -
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INSUI.Al'ED TERMINALS ·-a Avail,.ble in black. red. white, -.t.t 
yelloW. btue l l'd oreen. New t2p .Jtl 1/j 
each inc;j, P & P. Minimum order 6. '~ 

RELAYS SIEMENS PLESS!Y, etc. 
MINIATURE RElAVS 

12 3.12 3 
"" 5-9 8 C/O Up 700 15-24 4 C/O Hi>• 

150 4-9 2 C/O 7tp• 2500 3&-45 8 M Up• 
185 8-12 8 M Mp• 2500 31-43 2 clo HO eo,-
308 9-14 4 c/o n.,• 9000 4CI-70 2 c/o np• 
410 12 70 4clo ~GJ• 15k 85-110 8 M Mp 
700 16·24 4M2B Mo• 
II) Coli ohms; (2) Worl<lng d.c. volts; (3) Conlaeta; (4) 
Pric:e HD--Heavy Duty. All Post Paid. (•tnc:ludlno Baa•> 

6 VOLT D.C. I makoeon. 35p. Post lOp. 
9VOLT D.C. RELAY 

·3 c/o 5 amp conuscto. 70 ohm coijl711p. Post lOp. 
12 VOLT D.C. RELAY 
3 C/o 5 amp oontet1e 120 ohm coil 711p. Post10p. 
24 VOLT D.C. 3 c/o 600 ohm coil711p. Poat 10p. 
2 HD c/o 700 ohm eoU 711p. Poot lOp. 
~r:/'!. 300 ohm co~ llllt>- Post lOp. 

100 VOLT A.C. 
2 c/o sealed type, octell>ase £1-00. Poot lOp. 
24VOLTA.C. 
Mfg. by m. 2 h.d. c/o contacts. SSp. Poot 101>. 

240 VOLT A.C. RELAV ITT 
240V. A.C. heovy cluty e/o contacts. Octal plug In b<o$8. 
Price 711p. Post lOp. 

. DIAMOND H Heavy Duty Relav 
2301240V A.C. 2 Clo contacts 25 amp RES at 260v A.C. 
Price £2.00. P011 1 Op, 

HEAVV DUTY SEALED RELAY 
110 Volt 2 c/o 20 emp contacts. tl-26. Post 10p. 

220/240 VOLT AC RELAY 
3 c/o 5 amp c:ont. Seelod. inct ll·pin base. £1.25. Poot 10p. 

CLARE-ELUOT Type RP 7641 GJ. 
~=~:d. <alay. 675 ohm o'XN4. 24 Y01t D.C. 2 o. 70p. 

Comprising ?f impeltor, continvoosly rated motOf. ... 
230/240VOLT A.C. EXTRACTOR FAN KIT~' 

n~~~. hp':,~~12As:"t!r~:~~"~. 8JA¥J&st~~rs£2~~ . . . . 

~~Y.~f.!J~~.~~bl~.~~~f!LY ~. 
blades. Pr~e £1•00. Pos1 2C)p ~ 
!2'::'3Q::'f2::o=40::V~S~Y~N:':C~H:":R~O~N~O~U~S~G:":E~A-R-E .. D __ M_O .. TOR 

2 RPH. 3 RPH. 6 RPH . Price 90p. Post lOp. 
either Songamo. H-.don 0< Smith. Built-in geerbo>c. • 

'FRACM0'240VOLTA.C. . 
50 cycle SINGLE PHASE ¥}· 
~~~E}! ~~~T~ .. ~~ble, fittad . ·. \ 
with mountlog foot . Brand New. 0 
£1400 Poat 150p. CTotel price • 
incl. VAT £15-771 

'GENTS' 6" ALARM BELL 
200!'250 wit AC/OC. a.- N-. Price: (t:!J'' 
~ P0$1 60p. u•u:au~t.Ol 

'STC' 6" RED AlARM BEU 
Brand New. Pnce : £4.00 Pos1 SOp 24148V DC. 

METERS NEWt2y;n. FLUSH ROUND 
available' as D.C. Antps l, 5. 10. 15 or A.C. Amps 

~cit~iil!~'li-~~vt7l't~~-P~~t t,5~,;. 

ALLMAILORDERS. ALSOCALLERS AT SERVICE TRADING co. PERSONALCALLERSONLY 

57 BRIDGMAN ROAD. CHISWICK. ~ SHOWROOMS NOW OPEN I 9 LITTLE NEWPORT STREET. LONDON. W4 588 _ Phone 01-995 1560 AMPLE PARKING LONDON. WC2H 7JJ C1osed ')Ct:Jr:c. s Tel. 0 1.437 0576 
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SERVICE TRADING CO 

VARIABLE VOLTAGETRANSFORMERS 
Carriage extra INPUT 230 V. fl.C. 50/60 OUTPUT VARIABLE 0/260 V. A.C. 

BRAND NEW. All types, 
200W(1 Amp]  £300 
0-5 KVA (Max. 21 Amp) ...£10-00 1 KVA (Max. 5 Amp)  C14-70 
2 KVA (Max. 10 Amp) ...<2810 
3 KVA (Max. 15 Amp) ...£31-25 4 KVA (Max. 20 Amp) ... £72 SO 

(Max. 37.5 Amp) .£102-50 1 Amp OPEN TYPE 
(Panel Mounting)  £9-00 

300 VA ISOLATING TRANSFORMER 
115/230 230/230 volls. Screened. Priniaiy two separate 0-115 volts for 115 or 230 volts. Secondary two 115 volts at 150VA each for 115 or 230 volls output. Can be used in saries or parallel connections Fully Icppicalisod. Lenolh 13.5 cm. Width 11 cm. 
5l'2D. J 5r,^m- Wo,0n' 16 '5. SPECIAL OFFER PRICE Only £5.00. Carr. 80p. ' 
VENNER TIME SWITCH 
TYPE MSQP 
ZOO/2SO Volt 2-ON/2-OFF every W hours at any manually pre-set time, 20 amp contact*. Fitted die-cast case. Tested and in oood condition £4*75 Post 25p. 

A.C. MAINS 
TIMER UNIT 
Based on an electric clock, with 25 amp. singlo pole switch, which can be preset for any ponod up to 12 hrs. ahead to switch on for any length of lime, from 10 mins. to 6 hrs. then switch off. An additional 60 min. audible timer is also incorporated. Ideal for Tape Recordflrs, Lights, Electric Blankets, etc. Attractive satin copper finish. Size 135 mm X 130 mm X 
60 mm. Price C2 00 Posl ?0p. [Total inc. VAT 8. Post £2-38|. 
UNISELECTOR SWITCHES-NEW 

4 BANK 25 WAY FULL WIPER 25 ohm coil, 21., O.C operation £4-90. Post 30p. 
■ BANK 25 WAY FULL WIPER 25 ohm coil, 24 y. D.C. £7.90. Post 30p. 
8 BANK 25 WAY FULL WIPER 
24 v. D.C, operation £9-50. Post 4Dp. 

MINIATURE UNISELECTOR SWITCH 
2 Bank, 12 position, 24 volt D.C. operation, full wiper with andllary contacts. NEW Price £2-50 Post 20p. As above but with 5 Bank, 12 position. Prica 0-50 Post 20p. 

PROGRAMME TIMERS 
230/240 Volt A.C. 15 RPM Motor*. Each cam operates a c/o micro •witch. Ideal for lighting effects, animated displays etc. Ex equip- ment tested, similar to illustration. 
2 cam model  £2-00 post 30p 4 cam model  £2-50 posl 30p 6 cam model  £3-25 post 30p 6 cam model 3 RPM .... £3-25 post 30p. 
VERY SPECIAL OFFER Miniatura RoMor Micro Switch. 5 amp. c/o contacts. Mfg. 80NNELLA*. NEW. Price 10 for £1-50. Post lOp. (Min order 10.) 
As above without roller, 20 for £2.00. Post lOp. (Min. order 20.1 
'HONEYWELL' PUSH BUTTON, PANEL 
MOUNTING MICRO SWITCH 

ASSEMBLY Each bank comprise* of ■ change-over rated at 10 amp* 240 volt A.C, Black knob 1 in. dla. Fixing hole I In. Price*: 1-bank Mp, 2-bank 4tp, 3-bank 5«p. (Illustrated) Inc. P. 4 P. Special quotes for quantltiea. 
COIN MECHANISM (Ex-UndonTransport) 
Unit containing, selector mechanism for Ip, 2p & 5p coins. Micro switches, relays, solenoid-operated hopper. 24 voh D.C. Precision built to high standard. Incredible VALUE at only £2 50 Post 60p. ' 

230-250 VOLT A.C. SOLENOID 
Similar . in appearance to illustration. Awoximately 1 •> lb. pull. Size of feel 12" X 'i'. Price £100 Post 15p. 

24 VOLT DC SOLENOIDS 
UNIT containing: 1 heavy diiTy solenoid approx. 25 lb. pull 
at 1 In. travel. 2 soienoiaa ot approx. 1 lb. pull at 1 In. travel. 6 solenoids of approx. 4 oz. pull at I In. travel. Plus 1 24V O.C. 
1 heavy duly 1 make relay. Price: £2-50. Post 60p. ABSOLUTE BARGAIN. 

LEDs 
High Visibility 
Panel Mounting 
25 inch mounting, *16 inch lens. Typical parameters 2 volt 20 m.a. all types. Supplied complete with snap in mountings, and data. Red 4 (or £TM, Green 3 (or £1-M, Yellow 3 for £TtO. Posl lOp. IMin order £1-00.) 
LED READOUTS 7 series l/h DP hign characters. 14-pinD.C.L 
Available in rod or green. £1-65, post 10p:4(or 
£6 00 post paid. 

ALL MAIL ORDERS. ALSO CALLERS AT: 
57 BRIDGMAN ROAD. CHISWICK, 

LONDON. W4 5BE, Phone: 01-995 1560 
Closed Saturocys. 

New ceramic conetruclion, vitreous enamel embedded winding, heavy duty brush assembly, continuously rated. 26 WATT 10.25. 100. 150. 500. Ik*ohm. £1-15 Post 10p. SO WATT 1. 5. 10. 25. 50. 100, 500 ohm £1-60. Posl lOp. 100 WATT 1/10/25/50/100/250/500/Wl-5k/2-5k/5k ohm €2-35. Post 15p. 
Black SilvcrSkirted knob calibrated inNos. 1-9.1} 
in. dia brass bush. Idaal for above Rheoitaci, 22p u. 

STROBE! STROBE! STROBE! 
1 FOUR EASY TO BUILD KITS USING XENON WHITE f J LIGHT FLASH TUBES, SOLID STATE TIMING + T * TRIGGERING CIRCUITS, PROVISION FOR EX- * * TERNAL TRIGGERING. 230-B50v. A.C. OPERATION. * 
u. EXPERIMENTERS "ECONOMY" KIT % .u. Adjustable 1 to 30 Flash per sec. All electronic com- X T ponents including Xenon Tube + instructions £S M. T J Post 30p. * 
4- INDUSTRIAL KIT 4c jf Ideally auilable for schools, laboratories etc. Roller 4. tin printed circuit. ^Adjustable 1-80 f.p.s., approx. i -Jc 
4 output of Hy-Lyghl. Price £14 00. Post 50p * 
* HY-UTE STROBE Mk IV * * Designed for use in large rooms, halls and utilizes a * * silica tube, printed circuit. Speed adjustable 1-20 f.p.s, * 4- Light output greater than many (so called 4 Joule) * 
4 strobes. Price £14-00. Post 5Op! * 
* -SUPER1 HY-L1GHT KIT J * Approx. 4 Hmet the light output of our well proven £ * Hy-Lyght atrobe. * 4" Variable speed from 1-13 flash per sec. * Reactor control circuit producing an Intense white f * light. ONLY £22-00. Post 75o. ♦ 
J ATTRACTIVE, ROBUST, FULLY VENTILATED ? J METAL CASE lor the Super Hy-Lyght Kit including Z 
J reflector. £800. Post 60p. J 
4 FOR HY-LYGHT STROBE Incl. reflector, £5-75.,-ft 4 Post 2&p. 4c 
**************************** 
J COLOUR WHEEL PROJECTOR 5 
1 Complete with oil filled y^-v J 
* colour wheel. 100 wait lamp. -k 
J 200/WOV AC. Features ex- J 
* tremely efficient optical + 
* system. £lt-S0. Post 50p. + 
* I R.P.M. MOTOR and * 
* COLOUR WHEEL * 
* 200/240 volt A.C. 1 r.p.m. motor, and wheel £5.60. * * Post 40p. (Motor not availabio separately.) * * 6 INCH COLOUR WHEEL ONLY. Price C4.B0. Post * * 3Op. 
"♦"★★★★★★★★★★★★★★★★★★★A * 
_ BIG BLACK LIGHT ^ 400 Welt. Mercury vapour ultra violet lamp. * Extremely compact and powerful source of u.v. * Innumerable industrial applications also ideal for * stage, display, discos etc. P.F. ballast is essential *• with these bulbe. Price of matched ballast and bulb 
>f. £16-00. Post £1. Spare bulb £7-00. Post 4Op. 
* 
* BLACK LIGHT FLUORESCENT U.V. TUBES * * 4ft. 40 watt. Price £5-50. (Callers only). 2tt. 20 watt ■* * £4-25. Post 25p. (For use in stan bi-pin fittings.) MINI * 4 12ln. B watt £1-60. Post 15p. 9in. 6 watt £130. Post * 4 15p. Complete ballast unit and holders for either 9" or * 4 12" tube. £1-70. Post25p.(9in.Kl2in measuresapprox.l, * 

} U.D.I. SINGLE CHANNEL. 750 want 
* MANUAL/AUTO DIMMER * * 750W Solid State Fader, with three functions. Manual * J fade: Auto fade-up: Auto fade-down. Automatic * 4- cycling up and down. Functions selected with 'three •- * 
* position' rocker switch. Two ranges of cycling for * 4 Flashing' or 'Slow Wending'. Ready built module 6" x 3" * 
4 glass fibre board incorporating 10 amp TRIAC. Two or * 4 more modules for top quality colour blending and •* 
* flashing sflects. PRICE £16-00 Post 30p. * 

GENERAL ELECTRIC P0WERG1ASTRIACS 
10 amp. Glass passivated plastic Triac. Latest device from U.S.A. Long term rHliabilrty. Type SC 146E 10 amp. 500PIV. £1-00. Post 5p. (Inclusive of data and application sheet! suitable Diac IBp. 
INSULATION TESTERS (NEW) Test to I.E.E. Spec. Rugged .metal con- struction. suitable for- bench or field wsrk, constant speed clutch. Size L. B in., W. 4 in., H. 6 In., weight 8 lb. 50t VOLTS, 500 megohms £21M. Post 
600. I.Mi VOLTS, 1,000 mogohma 
£14-00. Fost 60p. 

INSULATED TERMINALS Available in black, red. white, yellow, blue and green. New 12p 
each incl, P & P. Minimum order 6. 

All prices 
M are subject to 

I 8% VAT. 
!8p in the 6) 

To all orders add 8% VAT to total 
value of goods including carriage 
packaging. 

RELAYS 
SIEMENS PLESSCY. etc. 
MINIATURE RELAYS 3 4 4 1 2 

•Op 700 16-24 7»p* 2500 36-45 Mp* 2500 31 43 75p* 9000 40-70 SOp- 15k 85-110 
MD* 

•Op* 

Price HD«gHeavy Duty. All Post Paid.'('including Base) 
6 VOLT D.C. 1 make con. 3Sp. Post lOp. 
9 VOLT D.C. RELAY 3 c/o 5 amp contacts. 70 ohm coil 7Bp. Posl lOp. 
12 VOLT D.C. RELAY 3 c/o 5 amp contacts 120 ohm coil 75p. Post lOp. 
24 VOLT D.C. 3 c/o 600 ohm coil 75p. Post 1 Op. 2 HO c/o 700 ohm coil 75p, Post lOp. 4 c/o 300 ohm coil #5p. Post 10p. 
100 VOLT A.C. 2 c/o sealed type, octal base £1-00. Post 10p. 
24 VOLT A.C. Mfg. by ITT. 2 h.d. c/o contacts. 55p. Post lOp. 
240 VOLT A.C. RELAY ITT 240V. A.C. heavy duty c/o contacts. Octal plug In base. Price 7Bp. Post lOp. 
DIAMOND H. Heavy Duty Relay 230/240V A.C. 2 c/o contacts 25 amp RES at 250v A.C. Price £2-00. Post 1 Op. 
HEAVY DUTY SEALED RELAY 110 Volt 2 c/o 20 amp contacts. £1-25. Posl 10p. 
220/240 VOLT AC RELAY 3 c/o 5 amp com. Sealed, incl 11 pin base. £1.25. Post lOp. 
CLARE-ELLIOT Type RP 7641 G8 Miniature relay. 675 ohm coil. 24 volt D.C. 2 c/o. 70p. Post Paid. 

BLOWER UNIT 200-240 Volt A.C. SLOWER UNIT Precision German built. Dynamically balanced, quiet, continuously rated, reversible motor. Consumption 80mA. Size 120mm. dla. * 60mm. deep. Price £J-N. Post 30o. 
PRECISION CENTRIFUGAL BLOWER Mfg. Airflow Developments Ltd.. Heavy Duty, continuously rated, smooth running. 230/,240v I A.C. motor. Size: 16 x 14 cm. (case only). OAL 15 cm. Aperture 6 X 6 cm. £6,50. Post SOp, 

230/240 VOLT A C. EXTRACTOR FAN KIT ✓ 
Comprising of impeller, continuously rated motor motor housing and fixings as illustrated. Price £1-75. Post 250- (Total inc. VAT & Post £2-16.) 

230V FAN ASSEMBLY 
Continuously rated, removable aluminium blades. Price £1 00. Post 20p 
230/240VSYNCHRONOUS GEARED MOTOR either Sangarno. Haydon or Smith. Built-in gearbox. 2 RPH, 3 RPH. 6 RPH. Price SOp. Posl 10p. 
230/240V 20 r.p.m. goarad nrotoc, £1-00, p&p 10p- 

BODINE TYPE N.C.I. 
GEARED MOTOR 
(Typa 1) 71 r.p.m. torque 10 !b. In. Raveraible l/7(>th h.p. cycle -38 amp. (Type 2) 28 r.p.m. torque 20 !b. in. Rflversrble 1/80th h.p. 50 cycle -28 amp. The above two precision made U.S.A. motors are offered in as new" condition. Input voltage ot motor 115v A.C. Supplied com- plete with transformer for 230/240v A.C. input. Price, either type £6-26 Post 50p. or less transformer £3-75 Post 40p. These motors are ideal for rotating aerials, drawing curtains, display stands, vending machines, etc, etc. 

'FRACMO'240 VOLT A.C. 
50 cycle SINGLE PHASE 
GEARED MOTOR 33 r.p.m. 30 lb, ins, RoversiWo. fitted with mounting feet. Brand New. 
£14-00 Post 60p. (Total price 
incl. VAT £15-77) 

600 WATT DIMMER SWITCH 
Easily fitted. Fully guaranteed by makers. Will control up to 600 watts of all lighting except fluor- escent at mains voltage. Complete with simple Instructions. £2-75. Post 25p. 

2000 WATT POWER CONTROL 
For Power tools. Healing. Lighting etc. incorporating 13 amp, outlet and mains lead. £8-00 Post 27p.  
■GENTS'6" ALARM BELL 200/250 voh AC/DC. Brand Now. Price: 
£5-00 Post 60p. (Illustrated) 
'STC 6" RED ALARM BELL Brand New. Price: £«00 Posl 50i! 24/48V DC. 
METERS NEW! 2iin. FLUSH ROUND 
available' as D.C. Amps 1.5. 10. '6 or AX. Amps J.J JO, 15. 20. Both types £2.00. Post I 5p. VOLTMETER 0-300V. A.C £2 00, Pnsl lip. 

SERVICE TRADIIMG CO. 

I SHOWROOMS NOW OPEN 
AMPLE PARKING 

PERSONAL CALLERS ONLY 
9 LITTLE NEWPORT STREET. 

LONDON, WC2H 7JJ 
Tel.: 01-437 0576 
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TELEPRINTER EQUIPMENT LIMITED 
Sales . . . Reatals . . . New . . · . Refurbished . ·. . lastallaUoa . . . 
Malnteaaace . . . Overllaals . . . Sllare Parts . . . Pro•pt Deliveries 

CREED EQUIPMENT 

TELETYPE CORP. 
EQUIPMENT 

SIEMENS 
EQUIPMENT 

OTHER 
EQUIPMENT 

SPECIAL 
EQUIPMENT 

TELEPRINTERS Models 7B, 54, 75, 444 
PERFORATORS 7PN, 85/86, PR75, 25 
TAPE READERS 6S4, 6S5, 6S6, 6S6M, 92, 35, 71, 72, 74 
HIGH-SPEED TAPE WINDERS 80-0-SOV POWER SUPPLY UNITS, etc. 

TELEPRINTERS 15, 19, 20, 28, 32, 33,35 
all configurations 
PERFORATORS 14, 19, 28 LPR, RECEIVE & MONITOR GROUP CABINETS 
TAPE TRANSMITTERS 14, 20,28 LBXD & LXD TRANSMIT GROUPS, etc. 

TELEPRINTERS T100 and T-68 in various configurations 
PERFORATORS T-LOCH 12, T-LOCH 15, A, B, D & F, etc. 

KLEINSCHMIDT, OLIVETTI, LORENZ, COCQUELET, BRITISH, AMERICAN, 
CONTINENTAL, ARABIC and other layouts, 5-8 track. 

SOLID STATE MOTOR CONTROLS, MODEM INTERFACE UNITS, TARRIFF J 
INTERFACE UNITS, TEST EQUIPMENT, COMPUTER INTERFACE UNITS, DEC. 
POPS and others. SILENCE COVERS AND CABINETS, TELEPRINTER TABLES, 
SIGNALLING RECTIFIERS AND CONVERTORS, TAPE HOLDERS. 

WW 2M FOR FURTHER DETALJS 

COMMUNICATION ACCESSORIES & EQUIPMENT 
LIMITED 

G.P.O. TYPE COMPONENTS FOR PROMPT DELIVERY 
JACK PLUG$-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-ty'pe 4B and PANELS, TELEGRAPH 71 (15 x 4B) 
POLARISED TELEGRAPH RELAYS AND UNISELECTORS-various types and manufactures both P.O. and 
miniature 
LINE TRANSFORMERS/RETARDATION COILS-type 48A, 48H, 49H, 149H, 3/16,3/216, 3/48A, 3/43A, 48J, etc. 
FUSE & PROTECTOR MOUNTINGS-8064 A/B 4028, H15B, H40 and individual 1 /.! 
COILS-39A, 40A, 40E, etc. 
P.O.-TYPE KEYS-1000 and PLUNGER TYPES 228, 279, etc. 
EQUIPMENT RACKS AND CONSOLE5-made to specifications 
RELAY ADJUSTING TOOLS, TOOL BAGS FOR MECHANICS, TENSION GAUGES, ARMATURE ADJUSTERS, 
SPRING BENDERS ETC. VARIOUS SWITCHBOARD EQUIPMENT. 

WW 201 FOR FURTHER DETAILS 

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

KEYBOARD PERFORATORS for offline tape preparation 
AUTOMATIC TAPE TRANSMITTERS with speeds up to 250 w.p.m. 
MORSEINKERS specially designed for training, producing dots and dashes on tape 
HEAVY DUTY MORSE KEYS 
UNDULATORS for automatic record and W/T signals up to 300 w.p.m. 
CODE CONVERTERS converting from 5-unit tape to Morse and vice versa 
MORSE REPERFORATORS operating up to 200 ~p.m. 
TONE GENERATORS and all Students' requirements 
CREED, MORSE EQUIPMENT, PERFORATORS, REPERFORATORS, TRANS­
MITTERS, PRINTERS, MARCONI UG6 UNDULATORS, BUZZERS, ALDIS 
LAMPS, etc. 

WW 202 FOR FURTHER DETAII.S 

.77 AKEMAN STREET, TRING, HE.RTS., U.K. 
Telephone: Tring 4011, STD: 0442-82 Telex 82362, Answerback: Batelcom Tring 
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TELEPRINTER EQUIPMENT LIMITED 

Sales . . . Rentals . . . Hew . . . Refurbished . . . Installation 

Maintenance . . . Overhauls . . . Spare Parts . . . Prompt Deliveries 

CREED EQUIPMENT 

TELEPRINTERS Models 7B, 54, 75, 444 
PERFORATORS 7PN, 85/86, PR75, 25 
TAPE READERS 6S4, 6S5, 6S6, 6S6M, 92, 35, 71, 72, 74 
HIGH-SPEED TAPE WINDERS 80-0-80V POWER SUPPLY UNITS, etc. 

TELEPRINTERS 15, 19, 20, 28, 32, 33, 35 
TELETYPE CORP. all configurations 

EQUIPMENT PERFORATORS 14, 19, 28 LPR, RECEIVE & MONITOR GROUP CABINETS 
TAPE TRANSMITTERS 14, 20, 28 LBXD & LXD TRANSMIT GROUPS, etc. 

SIEMENS TELEPRINTERS T100 and T-68 in various configurations 
EQUIPMENT PERFORATORS T-LOCH 12, T-LOCH 15, A, B, D&F, etc. 

OTHER KLEINSCHMIDT, OLIVETTI, LORENZ, COCQUELET, BRITISH, AMERICAN, 
EQUIPMENT CONTINENTAL, ARABIC and other layouts, 5-8 track. 

SOLID STATE* MOTOR CONTROLS, MODEM INTERFACE UNITS, TARRIFF J 
SPECIAL INTERFACE UNITS, TEST EQUIPMENT, COMPUTER INTERFACE UNITS, DEC. 

EQUIPMENT PDP8 and others. SILENCE COVERS AND CABINETS, TELEPRINTER TABLES, 
SIGNALLING RECTIFIERS AND CONVERTORS, TAPE HOLDERS. 

WW 208 FOR FURTHER DETAEIS 

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 COILS—type 48A, 48H, 49H, 149H, 3/16, 3/216, 3/48A, 3/43A, 48J, etc. 
FUSE & PROTECTOR MOUNTINGS—8064 A/B 4028, H15B, H40 and individual 1/f 
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 201 FOR FURTHER DETAILS 

MORSE EQUIPMENT LIMITED 

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

KEYBOARD PERFORATORS for offline tape preparation 
AUTOMATIC TAPE TRANSMITTERS with speeds up to 250 w.p.m. 
MORSEINKERS specially designed for training, producing dots and dashes on tape 
HEAVY DUTY MORSE KEYS 
UNDULATORS for automatic record and W/T signals up to 300 w.p.m. 
CODE CONVERTERS converting from 5-unit tape to Morse and vice versa 
MORSE REPERFORATORS operating up to 200 w.p.m. 
TONE GENERATORS and all Students' requirements 
CREED, MORSE EQUIPMENT, PERFORATORS, REPERFORATORS, TRANS- 
MITTERS, PRINTERS, MARCONI UG6 UNDULATORS, BUZZERS, ALOIS 
LAMPS, etc. 

WW 202 FOR FURTHER DETAILS 

77 AKEMAN STREET, TRING, HERTS., U.K. 
Telephone: Tring 4011, STD: 0442-82 Telex 82362, Answerback: Batelcom Tring 
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PW TELETENNIS KIT 
Popular Semiconductors AD162 0~ BC 182l 11-12 80139 IHl I BFY51 1)-23 MJ481 lo14 

as featured On 88C Nationwide end In the 
Daily Mail, 2 October. "74. Ideal geme fat I A0161} " 8C183 IH2 80140 N7 8FY52 G-21 MJ490 ll-18 whole fa miry. No need to modify your lV set. 2N45!1 IHS 2N2906A ll-21 2N4289 ll-34 A0162 HlS BC183L o-u 80Y20 HlS 8FY53 ll-18 MJ491 1·38 2N456A G-75 2N2907 G-22 2N4919 ll-t4 AF I09R - 8C I 84 •n 8F115 D-25 8FY90 o-n MJE340 IH5 
just plugs into aerial socket. 
Parts U$l a-s foltows: 2N457A i~: I ~~~~: IU4 2N4920 - AFI15 .24 BC184l o-n BFIIB .23 8RY39 HI MJE2955 lo12 A Resist<>< Pack t1.111 p&p 20p. 8 Po<em;o-2N490 o-n 2N4921 •n AFII6 11-%5 8C I 88 ll-:ZS · BFI 17 1M3 8U104 z-oo MJE3055 ... 2N491 3-58 2N3053 D-32 2N4922 ... AFI17 G-20 8C187 G-27 BF119 otl 8U105 Z.%5 MP8111 •32 
mete< Pock £1.25 p&p 20p. C Copa~tor Pack 

2N492 MS 2N3054 HO 2N4923 .13 AF118 11-55 8C207 G-12 8FI21 g.:zs C106A H& MP8112 HO 
t3.10 p&p 20p. o Som-ctor Pac~ fl4.50 
p&p 20p. E IC Sockets £4.08 p&p 20p. F Tran .. 2N493 4-20 2N3055 .75 2N5172 •n AF124 11-30 BC208 o-n 8FI23 ll-27 C1058 11-55 MP811 3 ll-47 fomlor £1. IS p&p 25p. G PCB's £7.50 p&p 20p, 2N696 G-22 2N3390 g.zt 2N5174 •u AF125 ll-30 8C212K G-18 BFI25 o-:zs CI050 IH6 MPF102 .31 H Swl1che• £4.50 p&p 20p. I UHF Modular 2N697 ll-11 2N3391 .23 2N5175 .21 AF126 .28 BC212l G-Il 8F152 11-20 ClOSE 043 MPSA05 •25 2N698 "' 2N3391A 11-29 2N5178 11-32 AF127 .28 BC214L 11-21 8F153 11-21 CA3011 .13 MP$A08 ll-28 
Kit £7.20 p&p 20p. Special Pnoet-comf)lo1e 
kit (excluding ca•a) £42.08 p&p SOp. Soctlomo 2N899 11-45 2N3392 11-13 2N5190 ll-92 AF139 .39 8C237 to9 BF154 IJ-20 CA3020A 1-80 MPSASS ll-28 A-F Jncl. £23.50 p&p 30p. Aosembly 2N706 ll-14 2N3393 11-13 2N5191 ll-15 AF170 o-2s BC238 to9 8F15B 0.23 CA3029 ll-112 MPSA56 G-27 instructions with complete kit or 75p on 2N706A "'" 2N3394 11-13 2N6192 H4 AF1?2 ll-25 BC239 o-oe BFI59 rm CA3046 ll-70 NE556V 0.70 2N706 11-17 2N3402 11-18 2N5195 1-4ll AF178 ll-55 8C251 G-20 BFieO 11-23 CA3036 11-112 NE560 .... request. 

2N709 o-42 2N3403' G-19 2N5245 ll-47 AF179 CK5 BC252 0.18 8F161 ll-42 CA3043 1-57 NE561 .... 2N711 1160 2N3440 IJ-59 2N5457 HI AF180 11-58 8C253 11-23 8F183 11-32 CA3045 1-35 NE565A .... 2N718 o-23 2N3441 11-97 2N5458 "' AF186 11-48 8C257 ll-14 8F166 11-32 CA3048 z.ll OC23 1-35 P.C. Marker Pen Dalo 2N718A •a 2N3442 1-69 2N5459 - AF200 ll-35 BC258 11-13 8FI87 ll-21 CA3049 1·!11 OC28 11-78 
33PC Price v,. Zonors 400MW 2.7v-43v-2N720 IHO 2N3414 ll-10 40361 "' AF239 lUI BC259 ll-13 8FI73 ll-24 CA3050 1·89 OC35 HO 2N721 G-65 2N3415 .10 40362 t58 AF240 •n 8C261 .20 8F177 1)21 CA3051 1-31 OC42 NO lip. IW 3.3v-12Dv-17p. IC Sod<oto SOil • .--

2N914 •22 2N3418 •15 40363 .... AF279 K4 6C282 ... 8FI78 11-35 CA3052 142 OC45 •32 
' lip. 1401L- 17p. 160il-ZU,. 

2N916 •a 2N3417 •z1 40389 "' AF280 K4 BC263 .23 8FI79 043 CA3053 11-52 OC71 •20 Liquid Crystals 2N918 11-32 2N3638 •1s 40394 - AL102 •n BC300 2-12 BFISO ll-35 CA3070 1 .. OC?2 •a 2N929 ll-30 2N3838A .15 40395 ... AL103 o-ro BC301 .34 BF181 .,. C03086 1HQ OC81 11-:ZS - tl100. Ex stock SAE for detolls of CMOS 
2N1302 . " 2N3639 lt27 40406 HI 8CI07 ll-11 BC302 ll-21 8F182 - CA3089E t-9& , OC83 .:14 battery operated dock kit u:ting teo· ... 
2N1303 ... 2N3641 11-17 40407 .33 8C108 ll-15. 8C303 K4 8F183 - CA30900 4-23 ORP12 ~~-~~ 

Scorpio Car Ignition kit 2N1304 ll-24 2N3702 g. II 40408 IHO 8C109 .,. BC307 •lo 8F184 •» C04000 o-51 R53 1-75 2N1305 11-24 2N3703 •12 40409 H2 8C113 •1s 8C307A ••o BFI 85 ll-31 CD4001 o-51 RL54 .15 - £11.50 + VAT. IMF 440. [1.10. 2N1308 11-31 2N3704 .,4 40410 HZ 8C116 ll-17 BC308 IHII BF194 11-IZ C04002 O.SI SC350 148 BSTB0246-£1.0S. Transformer-a.75. OL 2N1307 11-22 2N3705 ll-12 40411 H5 8C118 ll-17 8C308A ll-12 8FI95 ll-I Z C04009 1-117 I SC36D 14 707-12.35or 4 for £1.110. 
2N130B ll-25 2N3706 IHII 40414 3·515 8C116A 11-11 8C308B 0<11 BF196 •n C04010 Hl1 SC400 1·89 2N1309 .31 2N3707 ll-13 40430 11-15 BC117 11-21 BC309 •1o BF197 Q.IS C04011 IJ-51 I SC410 1-32 2N1671 1-44 2N3708 0.70 40583 11-23 8C118 ll-11 BC309A ll-10 8F198 ll-11 CD4015 M6 SC450 1·89 2N1671A 1·54 2N3709 G-Il 40601 047 8C 119 ll-21 BC309B IJ-10 8F199 G-IS CD4016 1-112 SC460 1-98 2 N16718 1·72 2N3710 ll-12 40602 11-48 BC121 ll-23 8C32? ll-21 8F200 11-40 C04017 2·118 SC500 Z.SD Resistors Tant Beads 2N1671C 4-32 2N3711 11-11 40603 ll-53 8C 125 ll-11 BC32B 0.19 8F226J ll-11 CD4020 2-98 SC610 2-39 w Tol Pdce Valu• 2N1711 IH5 2N3712 .. 40604 ll-58 8C 126 ll-23 BC337 0·19 8F237 ll-22 C04023 ll-51 SL414A 1-111 2NI907 5-50 2N3713 1-20 40636 1-10 8C132 ll-30 8C338 ll-19 8F238 •zz C04024 1'10 SL623 4-51 t 5% ., 

.1/35 14p 
2N2102 11-50 2N3714 1·33 40669 Hill BC134 ll-13 8CY30 11-54 8F244 11-21 CD4027 1-51 TAA263 1·08 t 5% 1-!p .22136 14p 2N2147 •n 2N3715 HG 40673 ll-70 8C135 11-13 BCY31 ... BF245 11-33 CD4028 2·34 TAA350 2•10 t 5% z, .47/35 1 ... 2N2148 ... 2N3716 1 ... AC107 11-51 8CI38 IJ-11 8CY32 1-15 8F246 otl CD4029 3-78 TAA621 Z>G3 2N2180 NO 2N3771 2•21 AC113 ... 8C137 ll-17 BCY33 H& 8F247 .23 C04041 z.11 TAA6618 1·32 1 10% Z.So 2.2/35 14p 
2N2192 - 2N3722 ,. AC117 .211 8CI38 ll-24 IICY34 ... 8F254 .18 C04044 z.tl TAOIOO 1·10 2 10!€. ~ 4.7/35 lllo 2N2192A HO 2N3773 2-15 AC128 .211 8C140 IJ-34 ~<CY38 Hl5 8F265 •n CD4047 1-15 Fitt•t .,. 2i 5~ ,, 10/I!IV .... 2N2913 - 2N3779 :til AC127 11-21 8C141 •29 ·<CY39 I-ta 8F257 HI C04049 Hl1 T8A271 ... 2N2193A 041 2N3790 :t-41 AC128 •a. 8CI42 .23 •tCY40 H7 8F268 HI C04050 Hl1 TBA8418 2·25 5 5% "' 47/&.3V zap 2N2194 •n 2N3791 2-35 AC151V 11-:ZS BC143 •zs BCY42 •a BF259 Hl5 LM301A - T8A600 1-ta 10 5% 10, 100/3V 21110 2N2194A 11-31 2N3792 , .. AC152V .11 BC145 11-21 BCY58 •21 8FS21A Z·30 LM304A 2-10 TBA810 I-50 2N2218A ll-22 2N3794 .24 AC153 11-25 8C147 •lz 8CY59 •22 8FS28 1HZ LM309K 1<18 Tll209 •» 2N2219 11-24 2N3819 11-37 AC153K .25 BC148 .13 8CY70 .17 BF$81 •21 LM702C ll-75 TIP29A -2N2219A 11-26 2N3820 ll-38' AC154 MD 8C149 •12 8CY71 ll-22 BF$98 •a LM709T099HI TIPJOA ll-58 2N2220 G-2i 2N3823 1-42 AC176 ... BC153 ll-18 8CY72 .13 8FX29 •• BOIL G-38 TIP31A H2 2N2221 11-18 2N3900 IJ-21 AC176K 11-25 BC154 ... BCY87 3.54 8FX30 O·Z7 140IL , ll-40 TIP32A Qo74 I Veroboard copper P,.ln 2N2221A ll-21 2N3901 IJ-32 AC187K 0.23 8C157 ll-14 8CY88 2-42 8FX44 11-33 LM723C HO TIP33A 1>01 ,1 0.15 0.1 0 .16 2N2222 0·20 2N3903 ll-24 ACIBBK 11-34 8CI68 ll-13 8CY89 G-17 8FX63 Z-4ll LM 741T099IHO TIP34A 1-61 
2N2222A o-:zs 2N3904 ll-27 ACY18 G-24 8C159 IJ-14 8011 5 0.75 8FX68 11-30 SOIL IHO TIP35A 2·90 2 .5 X 3f 28p 20p 1¢11 
2N2368 a-a 2N3905 ll-24 ACY19 11-27 8C160 0·37 80116 1·08 8FX84 0.24 140IL 11-38 TIP36A 3-70 2.5 X 5 30p 30, 14p 2N2369 0.20 2N3906 IJ-27 ACY20 G-22 8C1678 ll-13 80121 Il-lS 8FX85 0.30 LM747 1.00 TIP41A 0·78 

3i X 3f 3Gp 3Dp 2N2369A 11-22 2N4036 0.13 ACY21 G-21 8C168B G-13 80123 D-82 BFX87 0.21 LM7488DIL HO TIP42A G-10 
2N2648 11-&5 2N4037 11-42 ACY28 11-20 BC166C .11 80 124 ll-67 BFX88 0·25 1401L a-n TIP2995 •• 3 3f X 5 34p 35p 241< 2N2647 HZ 2N4058 •u ACY30 otl 8C169B 11-13 8013 1 IMO 8FX69 0-10 LM7805 z.oe TIP3055 HO 3i X 17 £1-21 ll1ip 78p 8Sp 2N2904 11-22 2N4059 to9 AOI42 .51 8CI69C 11-13 80 132 0.50 BFYIB •s2 MC130~P 1-28 ZTX300 •11 2N2904A 11-:14 2N40l50 0.11 ADI43 otO BCI70 .11 80135 043 BFYIB HZ MC1310 H2 ZTX302 .28 Pin:s: X 36 241< 24p 2N2905 • :14 2N4061 •" A0149V •• 8CI71 IJ-13 80136 "' 8FY20 11-50 MC1458CP1 ZTXSOO 11-U X200 8Sp 12p 2N2905A .211 . 2N4062 ·" AD1SO o-13 BCI72 11-11 80137 11-SS 8FY29 - 0.79 ZTX502 ... 
2N2906 ... 2N4126 .20 AOI61 H& ·BCI82 11-12 80138 IHIJ BFYSO .23 MJ480 ll-!iO ZTX503 •21 

Integrated Circuits TTL Wo have the largut range of IC"a ~vaUablo off the .tM!f, OTI.,. TTl,. CMOS, u,...- Audio. Potentiometers 
SN74191 £1<15 linear or Log Slnglo Double 

SN7400 18p SN7411 25p SN7438 J5p SN7460 Ulp SN7485 [I-58 SN74119 fl-92 SN74150 £1·58 SN74192 £2·05 Rotary Pots 18p 4S., SN7401 18p SN7412 Zip SN7440 16p SN7470 311p SN7486 45p SN74121 57r> SN7416 1 £1·58 SN74193 £2·30 
Rotary Switchod 28p SN7401AN 38p SN7413 ~ SN7441 85p SN7472 38p 'SN7490 65p SN74122 811p SN74162 £1·58 SN74198 £1·58 

SN7402 18p SN7416 45p SN7442 85p SN7473 44p SN7491 £1-10 SN74123 72p SN74164 £2·01 SN74197 £1·58 Sliders. 50p 9011 
SN7403 18p SN7417 3Dp SN7445 fl-51 SN7474 48p SN7492 75p SN74141 noo SN74165 £2·01 SN74198 £3-IB Full range of c:apacitora stocked SN7404 2411 SN7420 16p SN7446 £2 SN7475 ss, SN7493 85p SN74146 £1-44 SN74167 £4-10 SN74199 £2·18 
SN7405 24, SN7423 37, SN7447 £·30 SN747B 45p SN7494 u,· SN74150 £1-44 ·SN74174 £1·10 SN76023Nti-IO See cataaogue for details 
SN7406 45p SN7425 37p SN7448 £1,50 SN7480 15p SN7495 .... SN74151 £1·10 .SN74175 £1-29 Tred• 8< Presets SN7407 45p SN7427 45p SN7450 I lip SN7481 £1-25 SN7496 £HIO SN74163 £1-19 SN74176 £H4 a.-tity SN7406 25p SN7430 16p SN7461 I lip SN7462 87p SN74100 £2·11 SN74164 £1-1& SN74180 £1-44 Di8counta Hori:ontal O¥ Verticel 
SN7409 3~ SN7432 4S, SN7463 18p SN7483 £1·20 SN74107 ~ SN74166 fl-55 SN74181 £5•18 av..u..bleon 0.1Wilp 0,2W 5p 0.3WIIp SN7410 18p SN7437 J5p SN7454 111p SN7484 !S, SN74118 £1-08 SN74167 fi.Q!I SN7419Q U95 ,_,_., 

Diodes & Rectifiers Bridge Rectifiers Construction Kits PIV 50 100 200 400 600 600 1000 OPTO& LEDs 
I !Hill ~ IJ-07 IHI7 - •lo Rod.greon and yellow - lA 2A 4A 6A 

AV7 Aeri<IIAmps a ... 1-5 •Is ll-11 IJ-29 ll-22 11-25 tZ7 o-:w 0 .16 diameter 311 50 11-24 0.32 HO HZ 
UH570 Transmitter a:74 3 •Is •n •20 •u •n .27 o-:w 0.20 diameter JJ, 100 ll-30 11-37 11-70 11-76 
M UE7 Receiver for above fH2 10 IJ-35 ..... ll-41 - DL707 £2·35 or 4 for tHO 200 G-30 ll-41 lf>75 e.ao 
EWIB Electronic dice £HZ 35 ... HZ .... 2·15 1-52 Hi 4-20 Mlnitron £1•55 400 .36 045 0.85 1·10 
EW20 Electronic dice + -sentor £7·78 Cathode Stud Only 600 fl.44 0.112 0.95 1-25 IN3766 (35 omp 800 pv) £3-t& IN376B (35 omp I 000 pv)l•29 Mail Order 

IN34A ll-10 BAI02 ll-25 BA145 11-11 8Y237 11-12+ OA47 IHI7t OA90 IJ-07 SCRo lOOV 200V 400V 600V VAT all prices exclu$cve p&p 20p. IN914 ll-07 BAllO 11-26 BA154 ll-12 BZ10 11-35 0A70 IHI7t OA91 0.07 iA 1M3 HI 
IN918 11-07 BAliS IHI7 8Y100 G-IS BY211 G-32 OA73 11-10 OA95 0.07 1A H& 11-50 11-&0 OUR NEW GLASGOW AA 119 0.07 8A141 11-17 8Y126 0.15 BY212 ll-30 0A79 Q.O'/ OA200 1Jo07 1.2A ll-38 11-42 o.53 •n 
AA129 ll-15 BA142 11-11 DY127 11-11! 0A9 11-10 0A81 IHII OA202 ll-10 3A ll-47 11-53 040 - SHOP IS NOW OPEN I 8AIOO ltl5 BAI 44 ll-12 BY140 1>00 OAIO o-20 OABS IJ.IO OA210 •z7t 4A ll-50 0.55 IH6 
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/Marshall's A. Marshall (London) Limlled Depl. WW 
. 42 Cricklewood Broadway London NW2 3HD Telephone 01-452 0161 Telex 21492 

& 85 West Regent Street Glasgow G2 2QD Telephone 041-332 4133 

Everything you need is in our 
New Catalogue 
available now price 20p 
(100 pages of prices and data) 

Call in and see us 9-5.30 Mon-Fn 
9-5,00 Sat 

Trade and export enquiries welcome 

Popular Semiconductors 
2N456 0-75 2N2906A 021 2N4289 OM 2N456A 075 2N2907 022 2N4919 0-M 2N457A 1-35 2N2907A 0-24 2N4920 099 2N490 316 2N2926 Oil 2N4921 073 2N491 358 2N3053 0-32 2N4922 OM 2N492 3-93 2N3054 060 2N4923 083 2N493 4-20 2 N3055 075 2N5172 012 2N696 D-22 2N3390 0-26 2N5174 022 2N697 016 2N3391 023 2N5175 028 2N698 040 2N3391A 029 2N5176 032 2N699 045 2N3392 013 2N5190 092 2N706 0-14 2N3393 0-13 2N5191 095 2N706A 0-16 2N3394 013 2N5192 1-24 2N708 M7 2N3402 Oil 2N5195 146 2N709 042 2N3403 019 2N5245 047 2N7I1 D-50 2N3440 059 2N5457 04# 2N718 0-23 2N3441 097 2N5450 046 2N718A D-ffl 2N3442 1-89 2N5459 04# 2N720 0-50 2N3414 0-10 40361 04# 2N721 0-56 2N3415 010 40362 050 2N914 0-22 2N3416 015 40363 081 2N916 028 2N3417 021 40389 048 2N918 0-32 2N3638 015 40394 0-56 2N929 030 2N3638A 015 40395 055 2NI302 0-19 2N3639 027 40406 044 2N1303 (MB 2N3641 017 40407 033 2N1304 0-24 2N3702 Oil 40408 060 2N1305 0-24 2N3703 012 40409 012 2N1306 0-31 2N3704 014 40410 052 2N1307 0-22 2N3705 012 40411 2-26 2N1308 0-25 2N3706 009 40414 3-56 2N1309 0-36 2N3707 013 40430 085 2N1671 144 2N3708 070 40583 023 2N1671A 1-M 2N3709 0-11 40601 M7 2N1671B 1-72 2N3710 012 40602 046 2N1671C 4-32 2N3711 Oil 40603 053 2N1711 045 2N3712 096 40604 066 2N1907 5-50 2N3713 1-20 40636 110 2N2102 0-M 2N3714 1-33 40669 1-00 2N2147 0-78 2N3715 1-50 40673 070 2N2148 0-H 2N3716 1-80 AC 107 051 2N2160 060 2N3771 2-20 AC113 Oil 2N2192 040 2N3722 1-M AC117 02D 2N2192A 040 2N3773 2-65 AC126 oa 2N2913 040 2N3779 3-16 AC 127 ozo 2N2193A Ml 2N3790 240 AC128 02Bk 2N2194 073 2N3791 235 AC151V 025 2N2194A OM 2N3792 289 AC152V 017 2N2218A 022 2N3794 0-24 AC 153 025 2N2219 0-Z4 2N3819 037 AC153K 025 2N2219A 0-26 2N3820 038 AC154 020 2N2220 025 2N3823 142 AC! 76 Oil 2N2221 018 2N3900 021 AC176K 025 2N2221A 0-21 2N3901 OS2 AC187K 023 

2N2222 020 2N3903 024 AC188K 034 2N2222A 028 2N3904 027 ACY10 024 
2N2368 025 2N3905 024 ACY19 027 2N2369 020 2N3906 027 ACY20 022 
2N2369A 022 2N4036 063 ACY21 0-29 2N2646 055 2N4037 042 ACY28 0-20 
2N2647 1-12 2N4058 016 ACY30 058 
2N2904 0-22 2N4059 0-09 AD 142 067 2N2904A 024 2N40B0 011 AD 143 MO 2N2905 024 2N4061 on AO149V OK 2N2905A 028 2N4062 Oil AD150 083 2N2906 019 2N4126 02D AD161 045 

AD 162 
AD161 I 
AD 162 ] 
AF109R 
AF115 
AF116 
AF117 
AF118 
AF124 
AF125 
AF126 
AF127 
AF139 
AF170 
AF172 
AF178 
AF179 
AF180 
AF186 
AF200 
AF239 
AF240 
AF279 
AF280 
ALT 02 
All 03 
BC107 
BC108 
BC109 
BCHS 
BC115 
acne 
BC118A 
BC117 
BC118 
BC119 
BC121 
BC126 
BC126 
BC132 
BC134 
BC135 
80136 
BC137 
BC138 
BC140 
BC141 
BC142 
BC143 
BC145 
BC147 
BC148 
0C149 
BC153 
BC154 
BC157 
BC158 
BC159 
BC160 
BC167B 
8C168B 
BC168C BC169B 
BC169C 
BC170 
BC171 
BC172 
BC182 

0-45 
105 
040 
0-24 
0-25 
0-ZD 
0-M 
030 
0-30 
0-28 
0-28 
0-3S 
0*25 
&28 
0-55 
045 
0-58 
046 
0-36 
051 
0-72 
0-54 
0-M 
076 
0-70 
0-11 
OIB 
0-19 
0-15 
0-17 
0-17 
0-18 
0-21 
Ml 
029 
023 
OIE 
0-23 
030 
013 
013 017 
01/ 
024 
034 
029 
023 
025 
021 
012 
013 
012 
OIB 
018 
014 
013 
0-14 
0-37 
013 
013 
Oil 
013 
013 
Oil 
013 
011 
012 

BC182L 
BC183 
BC183L 
BC184 
BC184L 
BC186 
BC187 
BC207 
8C208 
BC212K 
BC212L 
BC214L 
80237 
BC238 
BC239 
8C251 
BC252 
BC253 BC257 
BC258 
BC259 
BC261 
BC262 
8C263 
BC300 
BC301 
BC302 
BC303 
BC307 
BC307A 
BC308 
BC308A 
BC308B 
BC309 
BC309A 
BC309B 
8C327 
BC328 
BC337 
BC338 
BCY30 
BCY31 
eCY32 
QCY33 
HCY34 
r5CY38 
•iCY39 
ilCY40 
BCY42 
8CY58 
BCY59 
8CY70 
BCY71 
BCY72 
BCY87 
BCY88 
BCYSB 
BD115 BD116 
BD121 
BD123 
8D124 
BD131 
B0132 
80135 
BD136 
BD137 
BD138 

0-12 
012 
012 
0-13 
011 
0-26 
027 
012 
011 
010 
016 
021 
003 
0-09 
0-00 
0-20 
018 
023 
014 
013 013 
020 
018 
023 
2-12 
0-34 
029 
054 
010 
010 
009 
012 
ooe 
OID 
010 
010 
021 
0-19 019 
019 
084 
OH 
115 
045 
046 
055 
ISO 
087 
0-21 
021 022 
017 
022 
013 
3.64 
242 
097 
075 100 
075 
0-62 
067 
040 
0-60 
043 
049 
055 
063 

BD139 
BO 140 
BDY20 
BF115 
BF116 
BF117 
BF119 
BF121 
BF123 
BF125 
BF152 
BF153 
BF154 
BF158 
BF159 
BF160 
BF161 
BFT63 
BF166 
BF167 
8F173 
BF177 
BF178 
BF179 
BF180 
BF181 
BF182 
8F183 
BF184 
BF185 
BF194 
BF195 
BF196 
BF197 
BF198 
BF199 
BF200 
BF225J 
0F237 
BF238 
BF244 
8F245 
BF246 
BF247 
BF254 
8F255 BF257 
BF268 
BF259 
BFS21A 
BFS28 
BFS61 
BFS98 
BFX29 
BFX30 BFX44 
BFX63 
BFX68 
8FX84 
BFX85 
BFX87 
BFX88 
8 FX 89 
BFYt8 
8FY19 
BFY20 
BFY29 
BFY50 

071 
0-87 
105 
025 023 
043 
058 
025 
027 
026 
020 
021 
020 
023 
027 
023 
042 
032 
032 
021 
024 
0-29 
0-35 
043 
036 
034 
040 
040 
0-30 
030 
012 
012 
013 
0-15 
018 
018 040 
018 
022 
022 
021 
033 
061 
0-23 
OIB 
017 
048 
053 
055 
2-30 
092 
0-27 
OS 
on 
027 
033 
240 
030 
024 
030 
028 
0-25 
0-90 052 
052 
0-50 
040 
023 

BFY51 0-23 ' MJ481 1-14 BFY52 0-21 MJ490 098 BFY53 018 MJ491 1-38 BFY90 075 MJE340 045 BRY39 048 MJE2955 1-12 BUI 04 2-00 MJE3055 068 BU105 225 MP8111 032 C106A 046 MPail2 040 C106B 055 M P8113 047 C106D 065 MPFI02 039 C106E 043 MPSAOS 025 CA3011 083 MPSA06 026 CA3020A 1-BD MPSA5S 026 CA3029 052 MPSA56 027 CA3046 070 NE555V 070 CA3036 052 NE560 440 CA3043 t-57 NE561 448 CA3045 1-35 NE565A 448 CA3048 2-11 OC23 1-35 
CAS 04 9 1-96 OC28 078 
CA3050 1-89 OC35 090 
CA3051 131 OC42 060 
CA3052 1-82 0C45 032 
CA3053 052 1 OC71 02D 
CA3070 1-M | : 0C72 OS 
C03086 040 1 OC81 025 CA3089E 1-96 1 OC83 024 
GA30900 4-23 ORP12 06b 
CD4000 051 R53 1-75 CD4001 051 RL54 015 
CD4002 051 SC35D 1-68 CD4009 1-07 | SC36D 146 
CD4010 1-07 f SC40D 1 89 CD401t 061 i SC4TD 1-32 CD4015 2-58 SC45D 169 CD4016 1-02 SC46D 196 CD4017 268 SC50D 2-60 CD4020 2-96 SC610 2-39 CD4023 051 SL414A IM CD4024 1-80 SL623 4-68 CD4027 1-5# TAA263 100 CD4028 2-34 TAA350 MO CD4029 3-79 TAA621 2-03 CD4041 2-11 TAA661B 1-SZ CD4044 Ml TAD100 t-M CD4047 1-85 Filter 070 CD4049 0-90 TBA271 OH CD4050 090 TBA641B 2-25 LM301A 048 TBA800 1-M LM304A 2-03 T8A810 1-50 LM309K 1-88 TIL209 030 LM702C 075 TIP29A 048 LM709T099048 TIP30A OK 8DIL 038 TIP31A 082 

14DIL , 040 TIP32A 074 • 1 LM723C 090 TIP33A 191 LM741T099040 TIP34A 1-51 8DIL 040 TIP36A 290 14DIL 038 TIP36A 3-70 LM747 1 00 TIP41A 079 
LM7488DILO60 TIP42A 090 

14011 073 TIP2995 093 
LM7805 2-00 TIP3055 0-60 
Mr.l303P 1-25 2TX300 013 MC1310 2-92 ZTX302 0-20 MC1458CP1 ZTX500 015 073 1 ZTX502 018 MJ480 0-90 1 ZTX503 021 

^ TtCflt'StGCl Circuits I I L we have th® Uroaat range of ICs availahla off the ahaff, DTL, TTL, CMOS. Unaar and Audio. 
SN74191 £1-95 SN7400 ICp SN7411 ZBp SN7438 35p SN7460 'Bp SN7485 £1-M SN74119 £1-92 SN74160 £1-58 SN74192 £295 SN7401 lip SN7412 28p SN7440 16p SN7470 3^ SN7486 45p SN74I21 67p 

act SN74161 £1-58 SN74193 £2-30 SN7401AN 38p SN7413 Up SN7441 85p SN7472 s*> SN7490 65p SN74122 SN74162 £1-M SN74196 fl-M SN7402 SN7416 SN7442 «5p SN7473 Mp SN7491 £1-10 SN74123 72p SN74164 £291 SN74197 £1-58 SN7403 IBp SN7417 Mp SN7445 f 1-59 SN7474 4^ SN7492 JQp SN74141 £190 SN74166 £2-01 SN74198 £3-16 SN7404 2^) SN7420 ISp SN7446 a SN7475 sgp SN7493 esp 
85p 

SN74145 £144 5N74167 £4-10 SN74199 f?-BP SN7405 24p SN7423 37p SN7447 f-JD SN7476 45p SN7494 SN74150 £144 SN74174 £1-80 SN76O23Nft-B0 Trade R SN7406 4Sp SN7425 37p SN7448 £1 50 SN7480 7Bp SN7495 BQp SN74151 £110 SN74175 £1-29 SN7407 45p SN7427 45p SN7450 IBp SN7481 £1-25 SN7496 £1-00 SN74153 £1-09 SN74I76 £1-74 Quantity 
DianruintR SN7408 25p SN7430 IBp SN7451 IBp SN7482 87p SN74100 £2-16 SN74154 £1-66 SN74180 £144 SN7409 3* SN7432 4^ SN7453 IBp SN7483 £1-20 SN74107 **> SN74155 £1-55 SN74181 £5-18 availohlR nn SN74tO 16p SN7437 36p SN7454 IBp SN7484 95p SN74118 £1-00 SN74157 £1-09 SN7419Q £195 request. 

Diodes & Rectifiers 
PIV 50 100 200 400 600 800 IOOO OPTO & LEDs Bridge Rectifiers 
1 O-Ofi 0-06^ 007 0-07 009 0-10 — Red, oreon and yellow PM 1A 2A 4A 6A 1-5 015 017 020 022 025 027 030 0.16 diameter 31p 50 024 032 06Q 082 3 015 017 020 022 026 027 030 0.20 diameter 3ki TOO 036 037 070 075 10 — 035 040 047 056 — - DL707 £2-35 or 4 for £898 200 030 041 075 088 35 OH 0-92 1-18 2-15 252 MB 4-20 Minitron £1-55 400 036 045 085 MO 
Cathode Stud Only IN3766 (35 amp 800 pv) £3-56 N3768 (35 amp 1000 pv) £4-20 600 040 052 095 1-25 
IN34A 010 BA1Q2 025 8A145 017 BY237 012^ OA47 007^ OA90 007 S£Ri 100 V 200V 400V 600V IN914 007 BA110 026 BA154 012 BZ10 035 0A70 097j OA91 007 iA W3 04# — — IN916 007 BA115 007 BY100 015 BY211 032 0A73 0-10 OA95 007 1A 045 ou MO   
AAI19 097 BA141 017 BY126 015 BYZ12 030 OA79 007 OA2CO 007 1.2A on 042 053 075 AA129 016 BA142 017 BY127 017J OA9 010 0A81 088 OA202 018 3A 047 053 MO 090 BA100 016 BA144 012 BY140 '00 OA 10 020 OAS 5 018 OA210 027i 4A OM 055 085 — 

PW TELETENNIS KIT 
as featured on BBC Nationwide and in the 
Daily Mail, 2 October. '74. Ideal game tor 
whole family. No need to modify your TV set. 
just plugs into aerial socket. 
Parts list as follows: A Resistor Pack fl.OD p8ip 20p. B Potentio- 
meter Pack £1.25 pfiip 20p. C Capapitor Pack 
£3.10 p&p 20p. D Semiconductor Pack £14.50 
p&p 20p. E IC Sockets £4.00 p&p 20p. F Trans 
former £1.15 p&p 25p. G PCB's £7.50 p&p 20p. H Switches £4.50 p&p 20p. I UHF Modular 
Kit £7.20 p&p 2Op. Special Prices—complete 
kh (excluding case) £42.00 p&p 50p, Sections 
A-F Jncl. £2350 p&p 30p. Assembly 
instructions with complete kit or 75p on 
request. 

P.c. Marker Pen Dale 
33PC Prlca sr.. Zenerl 400MW 2.7v-43v— 
Up. 1W 3.3v-120v—Hp IC Sockais BDIL— 
Itp. 14DIL—I7p, 16DIL—ZOp. 
Liquid Crystals 

—11100. E* stock SAE for dotaill of CMOS 
battery operated clock kit using CCD's. 
Scorpio Car Ignition Kit 
—£11.50 + VAT, IMF 440v £1.10. 
BSTB0246—£1.06. Transformer—£2.75. DL 
707—£2.36 or 4 for ttDO. 

Resistors Tant Beads 
W Tol Price Value 
* 5% IP .1/35 14p 

5% 1'Sp .22/35 14p 
i 5% ** .47/35 14p 
1 , 10% 2-5p 2.2/35 I4p 
2 10% e? 4.7/35 IBp 

S% 7p 10/16 V IBp 
5 5% 47/6.3V 2£t 
10 5% 10Q/3V . 20p 

Veroboard copper 
.1 0.15 0.1 0.15 

2.5 X 3i 26p 20p — 14p 
2.5 X 5 SOp 30p — I4p 
3* X 3i 30p Mp — — 
3i X 5 34(1 35p 24p 
H X 17 £121 S5p 7Bp 69p 
Pins X 36 24P 24p 

X 200 89p B2p 

Potentiometers 
Linear or Log Single Double 
Rotary Pots 18p 45p 
Rotary Switched 28p — 
Sliders SOp aop 
Full range of capacitors stocked 
See catalogue for details 
Presets 
Horizontal or Vertical 
0.1W Sp 0.J2W Bp 0.3W Bp 

Construction Kits 
AV7 
UH570 
MUE7 
EW18 
EW20 
Mail Order 
VAT all prices exclusive p&p 2 Op, 
OUR NEW GLASGOW 
SHOP IS NOW OPEN! 

Aerial Amps £2-04 
Trarvsmittor £2-74 Receiver for above £3 22 
Electronic dice £8-53 
Electronic dice + sensor £7-79 
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BENTLEY ACOUSTIC 
CORPORATION LTD. 

Wireless World 
FULL COLOUR WALLCHART 
OF FREQUENCY 
ALLOCATIONS 
SOp 

a91 

The wallchart shows the allocation of 
frequencies within the radio spectrum 
ranging from 3kHz to 300 GHzand is scaled 
on eight logarithmic bands contriving 1 5 
main categories of transmissions which are 
identified by colours. All the important spot 
frequencies and 'special interest' frequencies 
are marked. The information is taken from 
the ITU and has been condensed into easily 
read chart form. Measures 2' 11" x 1' 11 •. 

r-----------, 
I ORDER FORM I 
I 
I 
I 
I 
I 
I 
I 

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

Please send me .... ·-········-··--·- copies of the 
Wireless World Wallchart of Frequency 
Allocations at 80p each inclusive. 

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

Name 
(iirea·s-;;·;:,drit> 
Address 
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BENTLEY ACOUSTIC 

CORPORATION LTD. 
7A GLOUCESTER ROAD. LITTLEH AMPTON. SUSSEX. Tel. 6743 ALL PRICES SHOWN INCLUDE V.A.T. 

ELS I KL8;l K1.H4 El^a KLHG 151.ft I 

OUVJ 0 40 U7A 047 lAU 0 45 I AoOT 0 50 1A7«!T 0-65 1R:!«T 0-50 702 0-70 ItSl! 100 I HOGT D-80 1L4 0 28 11.1)5 0 60 1LN0 0 60 1 N5«T 0 65 1U3 0 45 184 0 83 185 
li:4 H.o •2D2I •2(:K5 •2X2 :<A4 ;{li7 Hl)l> 

0 30 0 60 0 75 0 45 0 55 0 80 0 50 . 0 45 0-40 0-60 3Q5t:T 0 55 0 40 :iv.| 0 70 4CEb 0-55 5008 0 55 5H4GV 0-80 uT4 0 40 yl'4<.J 0 40 5V4CJ 0 50 
5V3GT 0-45 oKi 0 75 &Z40 0-45 5>:4t!T 0 45 6,301,2 0-80 0A8(J 125 6 AC 7 0-49 liAG.V rtAHb •iA.M 6 A JO OA K ■> 6 A KG IIAKO 
•1AIJ> 
HA.MOA 0 55 
•iANS 0-70 
rtAQ.") 
OAQO 
»iA U3 
liARG 
HAS? 
HATH 
HAUH 
HAVH 

0-27 0 60 0 65 0-88 0-40 0-60 0 38 
0 20 

0 45 
0 40 
0 60 
1 00 
1 00 
0 45 
0-30 
0 45 

6A WO A 0-95 

6AX-I 0 75 HK*<; 0 45 
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The wallchan shows the allocation of 
« V 11 W WX^I ■ frequencies within the radio spectrum 

Clll 1 f\i ID lAfAl 1 /^u A DT ranging from 3 kHz to 300 GHz and is scaled ■ Wl-L WWL.VJLJIT VVA%l-L.WnA^n 1 on eight logarithmic bands contriving 15 
QC 1IFMCV main categories of transmissions which are 

B ■ identified by colours. All the important spot 
| nnATIflM!^ frequencies and 'special interest' frequencies 

* ____—^ are marked. The information is taken from 
QQu  __.;3A5 \ the ITU and has been condensed into easily 

^'ead chart form. Measures 2T1" x I'll". 
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To: IPG Electrical-Electronic Press Ltd., 
' General Sales Dept., Room 11, 

1 | 32 Stamford Street, London SE1 9LU 

\ | Please send me   copies of the 
\ | WirelessWorldWallchart of Frequency 
\ 1 Allocations at 80p each inclusive. 

\l 1 enclose remittance value £  
\| (cheque/p.o. payable to IPG Business 
\ J Press Ltd.) 

' W Name ' 
\ ■ ^ r:. -. ^ . 
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vl (please print) 
V Address 

Registered in England No, 677128 
Regd. office; Dorset House. Stamford Street. 

1 London SE1 9LU 
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ADVANCE SQUARE 
WAVE GENERATO~ 

SG21 
Frequency Range9Kc/sto tOOMc/s. 

R. time less than t nS Ex-Demon-
15e . · · manufac­

stration. New conditiOn tn 
turer's original carton. 

AC/OC 
MULT\­
METER 

ALPHANUMERIC 

ftiHIE 
HERE! NOW! 

FOR 
IMMEDIATE 
DELIVERY! 

TUBES 87971 
Th.eA!phanumeric NIXJE tube has the 
abrhty to display all the letters of the 
alphabet. ll<lmerals 0 lhru 9 and special 
characters in a single tube. 

From .tbe ttandpoim of both readability al)d' 
!letrncal c~racteri.stics, fha Alphant.meric NIXIE' 
:b:f~"1~::nv unique bmefits ind!lding · 

~.AI~OC opfere~ * Ulliform. COf'ltiflliOWS lint 
..... ra, ,,,o equall\eigl'tt 
* Memory v.l!h simple 
~OCid state drive circuits* Reattability ill 
*g~ ambient l~hr , .. 200 footfJmberts brightness 

ong fife 'illlth no loss ot brighfne$$ 

AV07f19.50 
* Characret height 2fim:. 

Price only 99p each plus I tip 

Bases for above SOp each. 

Furry tested and 
guaranteed 12 checked, 
one free calibr;.onths with 
leads and . IOn. . 
Leath batterres enra 

er cases fo bo · 

£18.50 
witb 

shockproof 
case 

Ever-ready r 8 ve £3.50. 
meter to b case enables the 
case £5. e used While in its 

SPECIAl OFFER OF COLOUR T.V. 
AND F.M. MEASURING EQUIPMENT 

BY WANDEL AND GOLTERMANN 
VZM 1 Measuring set for measuring phase and amplitude modula~ 
tion d istortion for Colour T.V. Sub carrier fPAL Systems) 

£495.00 
VZM2 M easuring set for measuring phase and amplitude modula· 
tioll d•stortion for M uhichannttl FM radio systems with base bands 
up t o 1 2 Mc/s . £295.00 
VZM83 Generator an-d Receiver used to measure transmis,ion 
distortion on FM radio link systems.. SupGrinlposed signal 
52.i304i556kHt. 

£275.00 
PROGRAMME BOARDS BY SEALECTRO 
These boards are basically a multi ·pote multi -throw swi tch device 
consisting of~ X-Y Matrix with two comact decks in the Z Plane 
running at 90 degrees to each other . Contact is made by either, 
shorting ot plugging in pins. Ideal for prototype work. etc. Boards 
available in 2 planes. 24 X 50 £29. 20 X 11 £16. 
Pina now available at 15p each. 

Stop Pruss 
TEKTRONIX453A Listed at over £1300. 
Special Offer this month £795. 

SPECIAL OFFER OF TELEPHONE 
CA.RRIER TEST EQUIPMENT 

An unusual offer of a system up to 15 Mc/s for the measurement 
o f levol attenuation on tole phone catrier equipment .lnd w ide 
band radio relay systems. 

~~:~~ ~Oe~~~~e~cifs~~tb'33'tl!~!l"~el~~,~~sJ:t;~l~ 
Kc/&-17 Mc.is; 3W933 Swe-op Attachment: 30346 Ulrge Screen 
~'M17~~:cing Receiver . Offered as a c,omplc tc system as a 

~~~!:! ?o~i~~?~~~~rl~o~:!f/8~.:. £1 9 50.00 
Also available manual point to point system .coos;sting of: 
3W618 Selective Level Oscillator 10 Kc/s- 17 Mc/s 
30335 Selective Level Meter 10 Kc/tr 17 Mcls 

Price Pet Pair £950 • 00 
JUST ARRIVED!! NUMERIC INDICATOR TUBES 

~~~;!~n~~~~iv hia~~t:~!lit~·o8vs 5.rc~ 2c~~~~crt1dt~~~e~~sa~ 
duration 1 001Js. Characture height 0.51, overall size 1.4. 
Srand new, guaranteed. Surplus to manufactuters fequire· 
ments. Type B5853st. Ptice 1.::.25 £1.00. 2S+ 90p, 100+ 
SOp, 1 000+ ptice on application. 
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SPECIAL OFFER OF COLOUR T.V. 
AND F.M. MEASURING EQUIPMENT 

BYWANOELAND GOLTERMANN yZMl Mdasuring set tor measiirina phase and amplitude modula- ion distortion for Colour T.V. Sub carrier (PAL Systems) - T.V. Sub carrier 
£495.OC 5.00 
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VZM2 Measuring sol (or measurin tion distortion for Multichannel FN* up to 12 Mc/$, ^295 OO 
V2M83 Generator and distortion on FM radio 52/304/556kHz. £275.00 
PROGRAMME BOARDS BY SEALECTRO 

boards are basically a multi-pole multi-throw switch consisting of a X-Y Matrix with two contact decks in the Z 
running at 90 degrees to each other. Contact is made by ( 
shorting or plugging in pins. Ideal for prototype work. etc. E 

in 2 planes. 24 X 50 £29. 20 X 11 £15. 

Stop Press 

'%0,f-S.O woaM OUlpur. IIrH. p' oo"fry; 3V rf 
*^Z7S, B? 
output: iqua sW'PHave ^ 465kHr s'9nal. ft,,,'. f'newavn dimensions: Ifin *Hh lt<, laJ. "uns: iso y c, telleaS x 97 ies) lean 

amazing 
Wrfinn 

VALUE £7 50 

TEKTRONIX 453A Listed at over E1300, 
Special Offer this month £795. 

SPECIAL OFFER OF TELEPHONE 
CARRIER TEST EQUIPMENT 

An unusual offer of a system up to 15 Ma's for the r of level attenuation on telephone carrier equiprr band radio relay systems. SIEMENS sweep frequency system consisting of: 3W518 Level Oscillator 10 Kc/s-17 Mc/s: 3D335 Level Selective Meter 10 Key's-17 Mc/s: 3VV933 Sweep Attachment: 3D346 Large Screen Level Tracing Receiver. Offered as a complete system as a 32M701. Special Offer loss than Half-Price Enquire for individual items P.O.A. Also available manual point to point system consisting of; 3W518 Selective Level Oscillator 10 Kc/s-l? Mc/s 3D335 Selective Level Meter 10 Kc/s-17 Mc/s Price Per Pair £050.00 

JUST ARRIVED!! NUMERIC INDICATOR TUBES ultra-long life, high quality. 0 9 and 2 independent decimal points. Supply voltage 200V D.C. Current 14mA. Pulse duration lOOps. Characture height 0.51. overall size 1.4. Brand new. guaranlaeC. Surplus to manufacturers require- ments. Type B5853st- Price 1-25 £1.00. 25 + 90p, 100 + 80p. 1000+ price on application. 

£1950.00 
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SENSATIONAL 
SOLARTRON 

PRECISION A.C. 
MILLIVOLTMETER 

VF 252 BY 
SOLARTRON 

VERY 
SPECIAL OFFER 

C~~~OR 
DIGITAl VOLTMETER 1450 

6 Ranges 20mV to 1 OOOV. H:»,.N Sansitity-
20mV Range. Accutac:y ± 0.05% of read•np 
± 0.05% of tange. 1-&otatod in.p.\Jt- ful\y guard.e . 
1.40dB common rooda re jccuon. SOdS sene. 
n 1ntemal Calibration provided. SO ~on­
~;;~~ns per second. Plug in BCD or dYCimal 

fsn ou-t. 

• £75 
1% Accuracy on all ranges 

Trace Oscillosz ua/ 
cope 

• 0.5% Long Term Stability 

• RI.SmV- ISOV f.s.d. Sensitivity 
ange 

• < 201JV Internal Noise 

• 6in. linear Scale calibrated in 

Brand new in original 
maket''s peddng. Fudy tested 
•nd guar~mteed. 

PRICE 

£150 
volts and dB 

• > 30MO Input Resistance 

• Isolated or Balanced Input 

Ex-Computer offered at mere fraction 
of original manufacturer's cost. 
APT 13334 Mk Ill 

6V 
25A 

Input 200/240V . ..-10V -5Amp. -lOY - 2Amp. +24V -2Amp. 
1 zov 5Amp. - zov - 2Amp. 
PRICE £19.60 
Advance DC197 .; 
6V 7 .5Amp. 6V 1 lAmp. 28V 9Amp. 
PRICE £35. 

BRAND NEW MINIATURISED STRIP 
CHART RECORDER 
BY RUSTRAK Model 88 

This re~order lndieatos tl\e mag.nltudc of apptied 
currents of volta gil by • ~ntinuous distortion free 
line on pressure untitfve pCJper. Moving coil 
moveme~t e.ealo calibrated 1 milliamp D.C. 
mternal resistance 100 ohms. Chatt Drive motor-
240V50Hz. 
Chart speeds 90'" per hour £39 

1• per hour £45 or 6"' ot 12•. 

SINGLE PEN RECORDER 
by Record Electrical. 
a • chart sensittvitY 1 rnilliamc> chart speed 
1 ond 6" per hr. Size 8" X 11" X e•. Offered 
complete With pen auembty. Utted 11 over 
£120-this ..-lh's spteill pr~u du• to bulk 
purcha$e. 

1 mA version £50 
5001JA version £60 

MINITRON 
I<.G.M. Type 3015F 7 Segment di$ploy showing 
f,gurec 0-9 plus decimal point. Characte-r pf 
9mm height. In 16 Oil cose. 

NEW LOW PRICE 
£1.25 

Power 5upplie_) 
11Y4 VARIABLE VOLTAGE HIGH CURRENT 
HIGH STABIUTY HIGH RELIABILITY 
n... .,....., ..... -- ilnl;nld tor ......_ -- .. 
-ertqliprne!d._..,,.~~nt-
for ~ ... rtfio!Oiily aod .-..,. lodt.....,... 'OO!U .. lod ....... 
tattfWt.. C Con Ttu~IIM"t:lel 
M.Jauhtturef& price~ 111 acct# •f £200. 

TEN TURN 36000 ROTATION 
Li#el.n·ry 

R1s Ohirl$ PM C8nt Mcmul~eturwrs MQdt/ Prier 
100 ... 0 .. 5 . . • Be•kman .. • . . A.$. , , , , , £2-00 
200 ... 0.5 .. • Beckman .. ... A. .. • .. £2·00 
500 .. • 0.1 • , . Beckman .. • • • s, . . • . . , £2-SD 

~~ ' . . - 1·0 : :::~: : : : : mmo10. : ~m 
2K •.•• 0·5 • • • Beck..,.n . . . SA 1101 , £3-00 

2K •• · -, '" . , • llo!iancs ...... GI'MI5 , • £2-00 
2K • . • 0·25 , •• Becl<mon . , , , • 7216 • , , £3-00 • 

2)( .....• General Controls GPA 1 S/4 • £2•00 
5l( . • • . • . Rei"" . . . 07-10 . .• £2-60 • 
5I< • • • . • • , • Colvern • , , , CI.R2503 • , £)00 
10K • • • 0·1 , , •• Beckman X , • , A. , , £)50 
15K • , • • • , • . .. CoMrn ••.• , • CI.R2402 , £3>00 f!!!!ll. 
~~~ ::: J:~s · :: ~~. : :: ~m :: ~~ ~ 
30K . • • . 0·1 • . Be"""'• . . . . . A.88 • £)50 
30K D-5 S.dcmaR •• SA 16S2 • 000 
501( • • • • . . • . . • llo!iana! ... •.. OHO •• , • £Z.Z5 
501( .. · - ....... " .... 07·5 ... £2-25 
SOK .. .. D5 ... B<dc""'n .... A. £3-00 
1001( •• ~1 ····- .. •.• A. ••••• 050 = :: o.i ·: ::: = . .. : :· ~k,; : g~ 
300K •• Qol •• BediMM .•••• A. •••• £3>50 
THREE TURN 780" ROTATION 
:~oo .. : ... =:: :::::~:;:~ :.: g~ 
300 .. .. . .. .. . Sectmao .. • 9303 • £2-25 
1K • lox • • • •••• PX2.1t3 • £2-25 
IOK • • ~5 • • - .•••. cu. a -n 
2IJIC/2Ill( .~1 ••• Secbao •••• C.S r:J.OO 
111C/1DK • ~~ • • • &<buJr . . • • C. • • • • • £3-00 
50k . • .. o-5 ••• Be:c:t:awl• ••••• U •••• tHS 

FIFTEEN TURN 5400° ROTATION = :: :::::: t:::: :·:· :g:r':! :. ~ 
. AC CLAMP VOLTAMMETER 

"'p·oo Voltammeter is used fOf' menurements of 
voltaoes and currents without brooking clrcuh.a. 

Specifi-lon 
Measurement rango;:- Currant 1o-25-1oo--
25o-500 Amps. Vollogo 300, 600 v. 
Accuracy 4%. Sca1o loi')Q\h 60mm. OvonUI 

£12.50 dimensions 283X94X36mm. Weight 1.51b$. 

Advance PG56 Double Pulse 
Generator 
Independently variable, 2Hz- 3MHz Pulse Width. 
Delay 70n5-0.2 sees. in 19 steps. Rise Time 
better than 1 OnS. External trigger and internal 
rate generator. £120 

Advance PG52 Pulse Generator 
Repetition frequency up to 20MHz and output 
pulses up to 20V into 5 ohms with rise and fall 
limes of 5nS. Also produces complex ramp wave 
forms not obtainable from conventional pulse 
generators. Fully protected against short cir­
cuit. £275 

Advance T.V. Dot and Cross Hatch 
Generator SG73 
Output in form of modulated signal at VHF and 
UHF at level suitable for aerial sockets of receiver. 
Two Ranges 
Band Il l on fundamental (MOD) 
Band IV & VOn Harmonics (- MOD) 
Modulation 405 lines or 625 lines 
£49.50 EX-DEMONSTRATION 

BRAND NEW 

Carriage end packhtg che1go extra on Please note: all instruments offet"ed are se~nd~hand end NEW CATALOGUE AVAILABLE EARLY IN THE NEW ADD 8" VAT 
all itertM unlesa otherwise atated. te•tod and guaranteed 12 months unteaa otherwiaeatated. YEAR. WRI·TE IF YOU WISH TO RECEIVE A COPY. TO ALL PRICES 

ELECTRONIC BROKERS LIMITED 
49-53 Pancras Road, London NW1 2QB. Telephone 01 -837.7781 

PROMPTDESPATCH MAILORDER. CALLERS 
WELCOME MON-FRI9A.M.to 5.30P.M. 

wish all iheir customers 

a prosperous Hew Year 

umitcd ow/vrrn^ 

00- 
/VOWH1 

OUAV. 

» *• » 

1 TRACt cT«i°5CmOSC0
D

P.es- 
ir^Sv- ^Trace ah, 
p,aVS" aarE V AMPUP^0- nanosCCS. 

\ Wi.ohW ^nUbratO' • c E4,rc/cn* o' 
«"«• i^ioo "fos"f c,ri2 ■«»»"»"• 

S«"P®*HCB Bsnd^'HI1; D- • , inpol 
x AMPLIBE"- mV/cm a,,d 1 V, 
SansiOvW hm 40 pf • .,.3%, 
""P'S'cAtlBBA.TOB- ^"""?LUG ALSO 
|NTS RASD V AMPLIHW P0V's- Bisc WIDE n.ndwid*; °-.C; * so mV.'cm. AVAILABLE^ s SP^Mpf 
Vmo- « l,a™ iM.ohm "p 
inpui W^^ diceo . a Q tn 

tp°£l49a" 

SENSATIONAL 

S0LARTR0N 

DIGITAL VOLTMETER 1450 
K Rdddus 20mV IP 1000V. JOpV Ssnstliiy- 

140d8 common "0°". 
IPar Internal Calibralion provided. SO -on vLTsionl per second. Plop In BOB o, deorma 
fan out. 
Brand n.vv in original PRICE 
maker's packing. Fully tested era |-rt 
and gunrantood- T_ i LI LI 

PRECISION A C. 

miluvoltmeter 
VF 252 BY 

SOLARTRON 

£75 
i% Accuracy on all ranges 

" 0.5% Long Term Stabi/iiy 

' Range""'50Vf S-d'SenSi,"'i'V 
• < 20yV Internal Noise 
• 6m. Linear Scale calibrated in 

volts and d8 
• > 30M0 input Resistance 
• Isolated or Balanced Input 

. *P£C'«««« 

COSSOfti 

6V 
25A Power Supplier 

10% VARIABLE VOLTAGE HIGH CURRENT 
HIGH STABILITY HIGH RELIABILITY 
These power supplies were designed for continuous operalion in 
computer equipment. Manufactured to highest eogineering s'amisid 
for long-term reliabilirv and stability. Independent voltage and curteni 
meiers. C Core Translormer X"IC 
Manufacturer's price probablv in excess of £200. L. Z 3 

- 

S^Se^^ep,. 

J"' "miSu ^ Mode sfra"on. F„? PMnti, 
?%'*' OHer ~"s":d 

Wileble f8.5Q ^-5o, 

MULTI OUTPUT POWER SUPPLIES 
Ex-Computer offered at mere fraction 
of original manufacturer's cost. 
APT 13334 Mk III 
Input 200/240V. -10V -5Amp. -10V -2Amp. -f24V -2Amo. 
+ 20V 5Amp. -20V-2Amp. 
PRICE E19.50 
Advance DC197 ^ 
6V 7.5Arnp. 6V 1 'Amp. 28V SAmp. 
PRICE £35. 
BRAND NEW MINIATURISED STRIP 
CHART RECORDER 
BY RUSTRAK Model 88 

This recorder Indicates the magnitude of applied 
currents of voltages by a continucus distortion free 
line on pressure sensitive paper. Moving coil 
movement scale calibrated 1 milliamp D.C. 
internai resistance 100 ohms. Chart Drive motor 
240V 50Hz. Chart speeds 90" per hour £39 

1" per hour £45 or 6" or 12". 
SINGLE PEN RECORDER 
by Record Electrical. 
3" chart sensitivity 1 milliamp chart speed 
1 and 6" per hr. Size 8" X 11" X 6". Offered 
complete with pen assembly. Listed at over 
C120—this month's special price due to bulk 
purchase. 
1 mA version £50 
500(jA version £60 

MINITRON 
K.G.M. Type 3015F 7 Segment display showing 
figures 0-9 plus decimal point. Character pf 
9mm height. In 16 OIL case. 
NEW LOW PRICE 
£1.25 

PotontioniBters 
TEN TURN 3600° ROTATION linearity Res Ohms Pet cent Manu/eclurers Model Price ICO . . . .0.5 . . Beckman . . . .AS  . €2-00 200 ... .0.5 . . . . Beckman . . . A   £2-00 ■ 500 0.1 , . Beckman . . . S  £2-50 I 500 .. . 10 . . . Relccn .... . HEL107-10 . £2-25 ■ IK . . . . Relccn . . . HEL0710 . . £2-25 2K 0-5 , . Beckman . SA1101 . £3-00 2K 0-25 . Beck man . . . 7216 £3-00 2K _ - 4 - • . . . . . . Reliancs .... . GPM15 . . £2-00 2K . . . General Controls G PA 15/4 . £2-00 1 5K ., . Relccn . . 07-10 . £2-50 5K Colvern . . . CIR2503 £3-00 10K . . 01 , . BeckntanX . A  £3-50 15K Colvarn .... . CLR2402 £3-00 # 25K . . 0-5 ' . : : Halipol .... . SAJ337 . £3-00 F 29K . . . 0 05 . . Beckman . . . SA1244 £4-50 % 3CK . 01 Beckman , . . ABB . £3-50 30K , . 0-5 Beckman . . . , SA1692 £3-00 50K - - . Reiiaoce . . , . . 07-10 . . £2-25 A 50K . . 07-5 . . £2-25 £ 50K . . . 0-6 . . . Beckman . , . . A . . £3-00(1 100K .0-1 . . . Beckman . . . .A .... OKflt £3-50 « ri n r IP 
298K ! 01 . . . Ccivem . Beckman /0U1 . 8A3902 tZ'ZO £3-50 300K o-i Beckman . . . .A  £3-50 
THREE TURN 780° ROTATION 250 , Beckman . . , . Type C . . £2-25 100/100 . Beckman . . . . TypaC , £3-00 300 v L_ . Beckman . . 9303 £2-25 IK Fox ...... PX2,'H3 , . £2 25 'OK 0-5 ' . Beckman . . . . C.ss. . . £2-25 20Kr<20K .01 . . Beckman . C.S . . £3-00 10K/10K .01 . . . Beckman , . C  . £3-00 50K . . . .05 . . . Beckman . . . . C.S. . . . . . £1-75 
FIFTEEN TURN 5400c ROTATION 25K'75K .   Bookman 3 46K^6K  Backman B . . 10 watts 10 watts £6-50 . £6-50 

AC CLAMP VOLTAMMETER 
Clamp-on Voltammeter is used for measurements of 
AC voltages and currents without breaking circuits. 

Specification 
Measurement ranges:—Current 10-25-100- 

J 250-500 Amps. Voltage 300. 600 V. 
Accuracy 4%. Scale length 60mm. Overall 

£12.50 dimensions 283 X 94 x36mm. Weight 1.5 lbs. 

Advance PG56 Double Pulse 
Generator 
Independently variable. 2Hz-3IVIHz Pulse Width. 
Delay 70nS-0.2 sees, in 19 steps. Rise Time 
better than lOnS. External trigger and internal 
rate generator. £120 

Advance PG52 Pulse Generator 
Repetition frequency up to 20MH2 and output 
pulses up to 20V into 5 ohms with rise and fail 
times of 5nS. Also produces complex ramp wave 
forms not obtainable from conventional pulse 
generators. Fully protected against short cir- 
cuit. £275 

Advance T.V. Dot and Cross Hatch 
Generator SG73 
Output in form of modulated signal at VHP and 
UHF at level suitable for aerial sockets of receiver. 
Two Ranges 
Band III on fundamental (MOD) 
Band IV & V On Harmonics (-MOD) 
Modulation 405 Lines or 625 Lines 
£49.50 EX-DEMONSTRATION 

BRAND NEW 
Carriage and packing charge extra on 
all items unless otherwise stated. 

Please note: all instruments offered are second-hand and 
tested and guaranteed 12 months unless otherwise stated. 

NEW CATALOGUE AVAILABLE EARLY IN THE NEW 
YEAR. WRITE IF YOU WISH TO RECEIVE A COPY. 

ELECTRONIC BROKERS LIIVIITEO 
49-53 Pancras Road, London NW1 2QB. Telephone 01 -837 7781 PROMPTDESPATCH MAILORDER.CALLERS 

WELCOME M0N-FRI9A.M.to 5.30 P.M. 
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We have a number of opportunities for instructors to 
train our customer engineers to service and maintain data 
processing equipment i ncl ud i ng the latest 370 Systems 
and Software. 

If you're an experienced or potential instructor with a 
background in software and for electronics, educated to 
HNC, C & G standard or perhaps you've had similar 
service experience - now's the chance to find out more 
about these secure, well paid positions, offering excellent 
salaries, career development prospects and i .1 depth 
training. 

If you are interested please write to: 
Anne Dare, IBM. United Kingdom Limited, IBM 
389 Chiswick High Road, London W4 4AL. 
Quoting ref: WW/92414. 

[4276 
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APPOINTMENTS VACANT 

DISPLAYED APPOINTMENTS VACANT: £4.68 per single col. cenlimetre (min. 3cm), 
LINE advertisements (run-on): 66p per line (approx, 7 words), minimum two lines. 
BOX NUMBERS: 30p extra. (Replies should be addressed to the Box number in the 
advertisement, c/o Wireless World, Dorset House, Stamford Street, London, S.E.I.) 
PHONE: Allan Betters on 01-261 8S08 or 01-261 8423. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 

Advertisements accepted up to 12 
noon Wednesday. December 4th 
for the January issue subject to 
space being available. 

Could you teach 

16M Customer 

Enqineers? 

We have a numberofopportunitiesfor instructors to 

train our customer engineers to service and maintain data 

processingequipment includingthe latest 370 Systems 

and Software. 

If you're an experienced or potential instructor with a 

background in software and/or electronics, educated to 

HNC, C & G standard or perhaps you've had similar 
service experience- now's the chance to find out more 

about these secure, well paid positions, offering excellent 

salaries, career development prospects and in depth 

training. 

If you are interested please write to: 
Anne Dare, IBM.United Kingdom Limited, 
389Chiswick High Road, London W44AL. 

Quoting ref: WW/92414. IBM 

14276 
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Radio/Electronics 
: 

Does it make sense 
to settle for second best? 

When you're thinking about 
your career and your family's 
future, it would be wise to 
think of Shell. Whether 
you're in the service now or 
ashore for the time being, you 
will already know a lot about 
us. Our British flag fleet of 
about 8o ships (with more on 
the way) is widely diversified, 
carrying many different 
cargoes-bitumen, luboils, 
crude, LNG, chemicals and 
black and white products. 
That means that you don't 
have to be stuck in one parti­
cular kind of tanker for long 
periods. You can move up and 
move around with equal 
familiarity. Our large and 
increasing investment in 

training underwrites our 
determination to ensure that 
we will achieve our intended 
service periods of 4-! months, 
and underlines our confidence 
in the future of the Fleet. 
When it comes to pay, you'll 
find our salaries are highly 
competitive. You can earn 
between £2,972 (with general 
certificate and DTI radar 
certificate) and£6,156 
(including MNTB electronics 
certificate). Your experience 
and qualifications will deter­
mine the point at which you 
can enter this scale. Leave too 
is generous-at the rate of 
I 8 3 days per year served. All 
oftlcersaremembersofthe 
coml'any pension scheme and 

certificated oftlcers can take 
their wives to sea whenever 
they wish, which includes two 
free air fares a year. If you are 
returning to the service after 
a spell ashore or already in 
service, we'll be pleased to 
tell you all about the extra 
benefits that Shell can offer 
you as a Radio/Electronics 
Oftlcer in our fleet. Write or 
phone, reversing the charges: 

Shell Tankers 
(UK) Limited, 
STP/13, (WW/12/74) 
Shell Centre, 
London SE17PQ. 

Tel: 01-934 4172 or 3968. 

4267 
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Radio/Electronics 

Officers 

Does it make sense 

to settle for second best? 
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When you're thinking about 
your career and your family's 
future, it would be wise to 
think of Shell. Whether 
you're in the service now or 
ashore for the time being, you 
will already know a lot about 
us. Our British flag fleet of 
about 8o ships (with more on 
the way) is widely diversified, 
carrying many different 
cargoes—bitumen, luboils, 
crude, LNG, chemicals and 
black and white products. 
That means that you don't 
have to be stuck in one parti- 
cular kind of tanker for long 
periods. You can move up and 
move around with equal 
familiarity. Our large and 
increasing investment in 

training underwrites our 
determination to ensure that 
we will achieve our intended 
service periods of 4| months, 
and underlines our confidence 
in the future of the Fleet. 
When it comes to pay, you'll 
find our salaries are highly 
competitive. You can earn 
between ^2,972 (with general 
certificate and DTI radar 
certificate) and £6,156 
(including MNTB electronics 
certificate). Your experience 
and qualifications will deter- 
mine the point at which you 
can enter this scale. Leave too 
is generous — at the rate of 
183 days per year served. All 
officers are members of the 
company pension scheme and 

cenificated officers can take 
their wives to sea whenever 
they wish, which includes two 
free air fares a year. If you are 
returning to the service after 
a spell ashore or already in 
service, we'll be pleased to 
tell you all about the extra 
benefits that Shell can offer 
you as a Radio/Electronics 
Officer in our fleet. Write or 
phone, reversing the charges: 

Shell Tankers 
(UK) Limited, 
S TP/13, (WW/12/74) 
Shell Centre, 
London SE17PQ. 

Tel: 01-934 T1?2 or 3968. 
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ftTesl 
Engineers & · 
Technicians 

As one of the largest manufacturers ofT. V. 
and audio equipment, ITT can offer excellent 
opportunities to experienced T est Engineers 
as a result of continuing expansion of the 
colour T. V. Test Department at their Radlett 
Works. 

These are responsible positions invoking 
diagnosis of faults on colour T.V. chassis ; 
assessing performance of chassis against 
specifications and standards; maintaining fault 
records and reporting quality t rends. 

O NC Electronics or C & G Final 
Certificate with colour endorsement is 
desirable coupled with several years' experience 
in aT. V. Test o r Service Department. The 
ability to supervise and co~ordinate the work of 
a team of Test Technicians and assist in their 
t raining would be an ad\·antage. 

Test Technicians are also required to 
carry out testing, alignment and fault finding 
on chassis. 

A good salary will be offered together with 
generous additional benefits including 
assistance with relocat ion, where appropriate. 

Write with details of your experience to 
Mrs . .J.D. Calnan, ITT Consumer Products 
(UK) Limited, Radlett W or ks, Colney Street, 
St.Albans, Herts, AL2 2EG. 

ColourTelevision ITT 
4206 
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Radio Operators. 
How to see more 

of your wife 
without losing 
sight of the sea. 

Join the 
Post Office 
Maritime Service. 
We have openings for 
Radio Operators at 
several of our 
coastal stations. 

The work 
is just as 
interesting, just 
as rewarding as aboard ship, 
but you get home to see your 
wife and family more often. You 
need a United Kingdom General 
or First Class Certificate in 
Radiocommunications, or an 
equivalent certificate issued by a 
Commonwealth Administration 
or the Irish Republic. 

Starting pay for a man of 
25 or over is £2,270, plus cost of 
living allowance with further 

annual 
increases 

.after that. 
Though 
we're 

happy to 
take people 

from 19 up. 
In addition to your basic 

salary, you'll get an average 
allowance of £450 a year for 
shift duties and there are 
opportunities for overtime. 

Other benefits include a 
good pension scheme, sick pay 
and prospects of promotion to 
Senior Management. 

For more information, write 
to: ETE Maritime Radio Services 
Division (L529). ET 17.1 .1.2 .. 
Room 643, Union House, 
St. Martins-le-Grand, London, 
EClA lAS. 
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XV. Test 

Engineers & 

Technicians 

As one of the largest manufacturers of T.V. 
and audio equipment, ITT can offer excellent 
opportunities to experienced Test Engineers 
as a result of continuing expansion of the 
colour T.V. Test Department at their Radlett 
Works. 

These are responsible positions involving 
diagnosis of faults on colour T.V. cha.ssis; 
assessing performance of chassis against 
specifications and standards; maintaining fault 
records and reporting quality trends. 

ONC Electronics or C &. G Final 
Certificate with colour endorsement is 
desirable coupled with several years' experience 
in a T.V. Test or Service Department. The 
ability to supervise and co-ordinate the work of 
a team of Test Technicians and assist in their 
training would be an advantage. 

Test Technicians are also required to 
carry out testing, alignment and fault finding 
on chassis. 

A good salary will be offered together with 
generous additional benefits including 
assistance with relocation, where appropriate. 

Write with details of your experience to 
Mrs. J. D. Calnan, ITT Consumer Products 
(UK) Limited, Radlett Works, Colney Street, 
St Albans, Herts, AL2 2EG. 

TTT Colour Television 

Radio Operators. 

How to see more 

of your wife 

without losing 

sight of the sea. 

rr 

m 

u 

Join the 
Post Office 
Maritime Service. 
We have openings for 
Radio Operators at 
several of our 
coastal stations. 

The work 
is just as 
interesting, just 
as rewarding as aboard ship, 
but you get home to see your 
wife and family more often. You 
need a United Kingdom General 
or First Class Certificate in 
Radiocommunications, or an 
equivalent certificate issued by a 
Commonwealth Administration 
or the Irish Republic. 

Starting pay for a man of 
25 or over is £2,270, plus cost of 
living allowance with further 

annual 
increases 

■after that. 
Though 
we're 

happy to 
take people 

from 19 up. 
In addition to your basic 

salary, you'll get an average 
allowance of £450 a year for 
shift duties and there are 
opportunities for overtime. 

Other benefits include a 
good pension scheme, sick pay 
and prospects of promotion to 
Senior Management. 

For more information, write 
to; ETE Maritime Radio Services 
Division (L529),ET 17.1.1.2., 
Room 643, Union House, 
St. Martins-le-Grand, London, 
EC1A IAS. 
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customer Engineers 
As one of the largest and most successfu l computer 
manufacturers, we place particular importance on the 
maintenance of a high level of customer service. Our 
equipment is among the most advanced in the world 
today. Highly· sophisticated hardware used by top 
companies and organisations in commerce, industry, 
science and government. 

Our Customer Service organisation is, therefore, 
immensely important to us if we are to maintain the 
high standards we have set ourselves over the years, 
during which we have pioneered much of the advanced 
tech nology in use today throughout the industry. 

We're looking for Customer Engineers to carry 
out. to a high professional standard, all electronic and 
electro -mechanical work concerned with installation, 
modification, refurbishing, preventive and remedial 

maintenance on Sperry 
Univac equipment in the 
UK. 

We require men 
a knowledge of 

electronic or mechanical 

fault - finding techniques. In addition to technical 
competence, essential requirements are a pleasant 
personality and the ability to maintain a good relation­
ship with customers. Full product training will be 
given. 

To Engineers looking for the best in salaries, 
vacancies exist in most parts of the country. Conditions 
and fringe benefi ts are what you would expect when 
you join a company within the international Sperry 
Rand organ isation. Future career prospects in the 
computer fie ld are excellent . 

For vacancies in London or the South write with 
full personal and career details to Personnel Manager. 
R'ef. WW. Sperry Univac. Univac House. 160 Euston 
Road. London NW1. Telephone 01-387 091 1. For 
vacancies in the Midlands and Nonh write with full 
personal and career details to Personnel Manager. 
Ref. WW. Sperry Univac. Lynnfield House. Church Street. 
Altrincham. Chesh1re. Telephone 061-928 773 1. 

SI=>E~Y ~~UNIVAC 
/ 

PROFIT FROM EXPERIENCE 
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Customer Engineers 

As one of the largest and most successful computer 
manufacturers, we place particular importance on the 
maintenance of a high level of customer service. Our 
equipment is among the most advanced in the world 
today. Highly sophisticated hardware used by top 
companies and organisations in commerce, industry, 
science and government. 

Our Customer Service organisation is, therefore, 
immensely important to us if we are to maintain the 
high standards we have set ourselves over the years, 
during which we have pioneered much of the advanced 
technology in use today throughoutthe industry. 

We're looking for Customer Engineers to carry 
out. to a high professional standard, all electronic and 
electro-mechanical work concerned with installation, 
modification, refurbishing, preventive and remedial 

maintenance on Sperry 
Univac equipment in the 
UK. 

We require men 
with a knowledge, of 
electronic or mechanical 

fault-finding techniques. In addition to technical 
competence, essential requirements are a pleasant 
personality and the ability to maintain a good relation- 
ship with customers. Full product training will be 
given. 

To Engineers looking for the best in salaries, 
vacancies exist in most parts of the country, Conditions 
and fringe benefits are what you would expect when 
you join a company within the international Sperry 
Rand organisation. Future career prospects in the 
computer field are excellent. 

For vacancies in London or the South write with 
full personal and career details to Personre Manager. 
Ref. WW. Sperry Univac. Univac House, 160 Euston 
Road, London NW1. Telephone 01-387 0911. For 
vacancies in the Midlands and North write with full 
personal and career details to Personnel Manager. 
Ref. WW, Sperry Univac, Lynnfield House. Church Street, 
Altrincham. Cheshire. Telephone 061-928 7731. 
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Test Gear 
Engineers 

Consumer Electronics 
ITT, one of Europe's leaders in the field of 
consumer electronics, has achieved an enviable 
reputation for the high quality of its range of 
audio products and monochrome and colour TV. 
At Hastings we can offer excellent scope to Test 
Gear Engineers within the Industrial 
Engineering Department. 

Assistant 
Chief Engineer 
To deputise for the Chief Engineer- Test Gear 
and co-ordinate the Test Gear Department in 
respect of appraisal of test gear requirements for 
new R & D designs; design, development and 
manufacture of all test gear and its installation in 
the factory and at sub-contractors. In addition, 
he will be responsible for budgeting and project 
appropriation and all maintenance activities on 
test gear installations. 
This position calls for an HNC and at least five · 
years' experience in the organisation and design 
of complex test equipment in the consumer 
electronics industry. 

Senior Test Gear Engineer 
Reporting to the Chief Engineer-Test Gear, he 
will be responsible for supervising a team of test 
gear engineers engaged in installation and both 
routine preventative and emergency breakdown 
maintenance of all test equipment at Hastings 
and satellite locations. 
Essential requirements are HNC coupled with 
several years' experience at senior level 
maintaining electronic equipment, covering 
audio to UHF frequencies and pulse techniques. 

Attractive salaries will be offered together with a 
wide range of benefits including pension/sickness 
schemes and assistance with relocation expenses, 
where appropriate, to this particularly pleasant 
area. The Company is situated close to the sea 

, with some of the most attractive countryside in 
the South East on the doorstep. 
Write with details of your qualifications and 
experience to David Harris, Personnel Officer, 
ITT Consumer Products (UK) Limited, 
Theaklen Drive, Hastings, Sussex. 

The heart of Hastings ITT 
[4278 
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SON"Y; 
V.T.R. 

Service 
Engineers 

Our expanding Video Tape Recording business creates 
vacancies for experienced V.T.R. Service Engineers. 

Based at our Central Service Division. Ascot ·Road, 
Bedfont. near Ashford. Middlesex. successful applicants 
w ill carry out service repairs in t he workshop to Video 
Recorders. Video Cameras and Professional Micro­
phones. Preference will be given to those with previous 
V.T.R. experience. but, alternatively. we would be 
interested in top quality Colour TV Engineers with Tape 
Recorder experience . 

Attractive salaries will be commensurate with experience 
and qualifications. Interested service engineers are 
invited to apply w ith details of past experience and 
current salary, or ask for an application form. to: 

The Personnel Officer , SONY (U.K.) LIMITED, 
Pyrene House, Staines Road West, Sunbury-on­
Thames, Middlesex. Tel : Sunbury 87644. 

{4218 

SENIOR 
TELEVISION 
ENGINEER 

for 

OB Unit for horseracing 
We need a qualified and experienced TV Engineer 
to take engineering charge of a tra~el l ing OB Unit 
emp loyed on the surveillance of horseracing. Must 
be famil iar with broadcast standard OB practice and 
VTRs. 

Salary £3,600-£4,200 p.a. depending on experience 
plus expenses on location. 

Write or telephone for application form to: 

Frank Dixon, 
Racecourse Technical Services Limited, 

88 Bushey Road, Raynes Park SW20 OJH 
Tel: 01-947 3333 

1<4251 

APPOINTMENTS 
Wireless World, December 1974 

Test Gear 

Engineers 

Consumer Electronics 

ITT, one of Europe's leaders in the field of 
consumer electronics, has achieved an enviable 
reputation for the high quality of its range of 
audio products and monochrome and colour TV. 
At Hastings we can offer excellent scope to Test 
Gear Engineers within the Industrial 
Engineering Department. 

Assistant 

Chief Engineer 

To deputise for the Chief Engineer - Test Gear 
and co-ordinate the Test Gear Department in 
respect of appraisal of test gear requirements for 
new R&D designs; design, development and 
manufacture of all test gear and its installation in 
the factory and at sub-contractors. In addition, 
he will be responsible for budgeting and project 
appropriation and all maintenance activities on 
test gear installations. 
This position calls for an HNC and at least five 
years' experience in the organisation and design 
of complex test equipment in the consumer 
electronics industry. 

Senior Test Gear Engineer 
Reporting to the Chief Engineer-Test Gear, he 
will be responsible for supervising a team of test 
gear engineers engaged in installation and both 
routine preventative and emergency breakdown 
maintenance of all test equipment at Hastings 
and satellite locations. 
Essential requirements are HNC coupled with 
several years' experience at senior level 
maintaining electronic equipment, covering 
audio to UHF frequencies and pulse techniques. 

Attractive salaries will be offered together with a 
wide range of benefits including pension/sickness 
schemes and assistance with relocation expenses, 
where appropriate, to this particularly pleasant 
area. The Company is situated close to the sea 
with some of the most attractive countryside in 
the South East on the doorstep. 
Write with details of your qualifications and 
experience to David Harris, Personnel Officer, . 
ITT Consumer Products (UK) Limited, 
Theaklen Drive, Hastings, Sussex. 

The heart of Hastings ITT 

V.T.R. 

Our expanding Video Tape Recording business creates 
vacancies for experienced V.T.R. Service Engineers. 

Based at our Central Service Division, Ascot Road, 
Bedfont, near Ashford, Middlesex, successful applicants 
will carry out service repairs in the workshop to Video 
Recorders, Video Cameras and Professional Micro- 
phones. Preference will be given to those with previous 
V.T.R. experience, but, alternatively, we would be 
interested in top quality Colour TV Engineers with Tape 
Recorder experience. 

Attractive salaries will be commensurate with experience 
and qualifications. Interested service engineers are 
invited to apply with details of past experience and 
current salary, or ask for an application form, to; 

The Personnel Officer, SONY (U.K.) LIMITED. 
Pyrene House, Staines Road West, Sunbury-on- 
Thames, Middlesex. Tel: Sunbury 87644. 

14218 

SENIOR 

TELEVISION 

ENGINEER 

14278 

for 

OB Unit for horseracing 

We need a qualified and experienced TV Engineer 
to take engineering charge of a travelling OB Unit 
employed on the surveillance of horseracing. Must 
be familiar with broadcast standard OB practice and 
VTRs. 

Salary £3,600-£4,200 p.a. depending on experience 
plus expenses on location. 

Write or telephone for application form to: 

Frank Dixon, 
Racecourse Technical Services Limited, 

88 Bushey Road, Raynes Park SW20 OJH 
Tel: 01-947 3333 

14251 
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ELECTRONIC ENGINEERS 
Ferranti in 

Edinburgh have a variety 
of vacancies for 
Electronic Engineers 
involving work on avionic 
systems. This includes 
production testing and 
maintenance, quality 
and test engineering 
andjenvironmental 
testing. 

Candidates with 
Services or industrial 
experience and 
knowledge of some of 
the following areas of 
technology would be 
particularly relevant: 
Digital and Analogue 
Techniques 
Microwave Engineering 
Servo Techniques 
Lasers and Optics 
Electronic Displays 

ELECTRONIC 
VACANCIES 

Engineers 

Oraughtsmen e Designers 

Service and Test Engineers 

Technicians e Technical Authors 

Sales Engineers 

£1,600-£5,000 pa 
Permanent or Contract 

01 -387 0742 
MALLA TECHNICAL 

STAFF LIMITED 
376 Euston Rd .. london NWl 3BG 

(95 

We are particularly 
interested in people with 
the following 
qualifications: 
O.N.C., H.N.C. 
City & Guilds 
Telecomll1unications 
Technician Course, 
Intermediate or Final 
Certificates, or 
Acceptable Services 
equivalent. 

Those recently 
qualified with H. N.D. 
(Mechanical or Electrical) 
but who lack industrial 
experience should also 
apply. These posts are 
based in Edinburgh 
which offers an attractive 
living environment with 
many recreational 
activities within easy 
reach. 

The Company 
operates a contributory 
Pension and Life 
Assurance Scheme and 
will assist with relocation 
expenses where 
necessary and priority 
will be given to incoming 
workers for Scottish 
Special Housing. 

Salary negotiable 
£1800-£3000. 

Apply in writing 
giving particulars of 
qualifications and 
experience to the 
ST AFFAPPOINTMENTS 
OFFICER 
FERRANTI LIMITED 
FERRY ROAD 
EDINBURGH EH52XS. 

FERRANTI 
14239 

Radio Technology 
TELECOMMUNICATIONS 
OFFICER 
. . . to work in the Broadcasting Branch of the Directorate of Radio 
Technology. Central London which gives technical advice on the 
development of TV. sound and wired broadcasting systems. carries out 
the technical appraisal of new broadcasting stations' characteristics. 
prepares _frequency plans and negotiates frequency assignments for 
broadcastrng stations. It also participates in the work of the International 
Radio Consultative Committee and international conferences. 

Candi~ates (ag~d at lea~t 2~) m~s! have . ONC in Engineering (with a 
pass m Electncal Engrneenng A) or rn Applied Physics. or an 
equivalent qualification. In addition they should normally have had at 
least 5 years' relevant experience. 

Sa.lary starting between £2.700 and £3.230 (according to age) and 
rrsrng to £3.450. Good prospects of promotion . Non-contributory 
pension scheme. 

For full details and an application form (to be returned by December 10. 
1974). write to Civil Service Commission. Alencon Link. Basingstoke. 
Hants. RG21 1JB. or telephone BASINGSTOKE 29222 ext 500 (or fo r 
24-hour answering service. LONDON 01-839 1992 ). Please q~ote 
reference T/8796. 

4254 

Wireless World. December 1974 a99 APPOINTMENTS 

ELECTRONIC ENGINEERS 

Ferranti in 
Edinburgh have a variety 
of vacancies for 
Electronic Engineers 
involving work on avionic 
systems. This includes 
production testing and 
maintenance, quality 
and test engineering 
andjenvironmental 
testing. 

Candidates with 
Services or industrial 
experience and 
knowledge of some of 
the following areas of 
technology would be 
particularly relevant: 
Digital and Analogue 
Techniques 
Microwave Engineering 
Servo Techniques 
Lasers and Optics 
Electronic Displays 

We are particularly 
interested in people with 
the following 
qualifications; 
O.N.C., H.N.C. 
City & Guilds 
Telecommunications 
Technician Course, 
Intermediate or Final 
Certificates, or 
Acceptable Services 
equivalent. 

Those recently 
qualified with H.N.D. 
(Mechanical or Electrical) 
but who lack industrial 
experience should also 

apply.These posts are 
based in Edinburgh ^ 
which offers an attractive 
living environment with 
many recreational 
activities within easy 
reach. 

The Company 
operates a contributory 
Pension and Life 
Assurance Scheme and 
will assist with relocation 
expenses where 
necessary and priority 
will be given to incoming 
workers for Scottish 
Special Housing. 

Salary negotiable 
£1800-£3000. 

Apply in writing 
giving particulars of 
qualifications and 
experience to the 
STAFFAPPOINTMENTS 
OFFICER 
FERRANTI LIMITED 
FERRY ROAD 
EDINBURGH EH52XS. 

FERRANTI 

ELECTRONIC 

VACANCIES 

Engineers 

Draughtsmen # Designers 

Service and Test Engineers 

Technicians • Technical Authors 

Sales Engineers 

£1,600-£5,000 pa 
Permanent or Contract 

01-387 0742 
M ALIA TECHNICAL 

STAFF LIMITED 
376 EustonRd., London NWl 3BG 

I9S m 

Radio Technology 

TELECOMMUNICATIONS 

OFFICER 
... to work in the Broadcasting Branch of the Directorate of Radio 
Technology, Central London which gives technical advice on the 
development of TV, sound and wired broadcasting systems, carries out 
the technical appraisal of new broadcasting stations' characteristics, 
prepares frequency plans and negotiates frequency assignments for 
broadcasting stations. It also participates in the work of the International 
Radio Consultative Committee and international conferences. 
Candidates (aged at least 23) must have ONC in Engineering (with a 
pass in Electrical Engineering 'A') or in Applied Physics, or an 
equivalent qualification. In addition they should normally have had at 
least 5 years' relevant experience. 
Salary starting between £2,700 and £3,230 (according to age) and 
rising to £3.450. Good prospects of promotion. Non-contributory 
pension scheme. 
For full details and an application form (to be returned by December 10. 
1974), write to Civil Service Commission, Alencon Link, Basingstoke, 
Hants, RG21 1JB, or telephone BASINGSTOKE 29222 ext 500 (or, for 
24-hour answering service, LONDON 01-839 1992). Please quote 
reference T/8796. 
HOME OFFICE 
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~ Papua New Guinea ~ 

~ Radio ~: 
~ Technical Officers ~~ 
~~ Applications are invited from suitably qualified a nd experienced personnel ~~ 
,;:~ for the posts of Technical O fficer (Radio) and Senior Technical Officer ~ 

(Radio) wilh the Civil Aviation Agency of the Department of Transport. ~ 

~ 
T here are twelve positions available working on the installation and ~~ 
maintenance of a variety of e lectronic communications equipment and 
appointments wil l be made at three levels of seniority based o n experience ~ 

~
~ and qual ifications. ~~. 
~ Candidates should have successfully completed City and G uilds Technician 

Courses, Part Ill Full Technological Cert ificate or HNC. A minim um of 6 
~ years' relevant experience is required, with at least 3 years ' involvement in a ~ 

~""111111111 field of radio work closely related to civil aviation communications. ,;:.~ 

~~ Conditions of service Pay per annum ~~ 
Period of engagement is for two years Expressed in SA. Current rate of 

~ 
(renewable in most instances). General exchange SA I .76 = £1.00 approx. ~ 
entitlements a rc very attractive and 

~ 
include a generous gratuity (approx. Auraction ~ 
25% of salary combined with attrac- Level Salary A{{owance Gratuity 

~. 
tion allowance), education a llowance ~ 
for dependent children attending TO l 2385 4460 19 10 
school overseas, return air passages 

~ 
with personal effects and luggage T02 2625 5205 2230 ~ 

~ 
al lowance, low cost married and single STO 1 3 105 5225 2230 ~~ 
accommodation, and generous leave 
conditions. 

~
~ Please write or telephone immediately for an applicat ion form and full ~~ 
~ details of the posts. The Papua New Guinea Public Service Board Repre- ~ 

sentative, 22 Garrick Street, Lo.ndon W.C.2. Telephone: 01-240 1780. 

~ ~ 
_. PapuaNewGuinea ~ 
r;~ 14277 ~\~ 

ft~Y~...,~...,~T~~~...,~·~~~~ 

T.V. Engineers 
for 

New· Zealand 
Are you d issatisfied with your present position, fee ling like a change of 
scene? Do something about it now! Be our guest-come down under and 
join the Tiseo Team, N.Z.'s largest service organisation. 
We are in service only and our engineers are all important people, 
every one of our 30 managers is an ex engineer. 
We are now selecti11g staff to sponsor under the Immigration Scheme 
to arrive in N.Z. mid 1975. 

If you, 
e Have 5 years experience, preferably some in colour. 
e Single or married w ith 3 children or less. 

write now enclosing a photograph and details of past experience to:­
The Technical Staff Supervisor, Tiseo Ltd, Private Bag, Royal Oak, 
AUCKLAND, NEW ZEALAND. 
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CHElSEA COllEGE 
University of London 

ELECTRONICS TECHNICIAN 
GRADE 2B required f.or the con­
struction - and maintenance of 
equipment and apparatus and to 
assist in the running of Electronics 
Undergraduate Teaching Labora­
tory. Day release for approved 
courses. Salary scale (under 
review)£1,752-£2,022 per annum 
includ ing London Allowance, plus 
payments under a Threshold 
Agreement (at present approxi­
mate ly £146 per annum). 37t hour 
week, generous holidays. Applica­
tion forms and further details 
from Mr. M. E. Cane (2B. ET) 
Chelsea College WW, Pulton 
Place, Fulham, London SW6 5PR. 

[4230 

ANGLIAN WATER AUTHORITY 
Lincolnshire River Division 

ELECTRONIC 
INSTRUMENT TECHNICIAN 

Grade T7 (£2,715-£3,018) 
Plus Threshold Paymerits 

Appl.icants shou ld have a re<:ognised qualifica­
t ion in e lectronic entg1neerina. prefNably 
registered as a Techn.ical Engineer and have ob­
tained experience in wor kshop technciques, servic .. 
ing and design pract~ice . Exp-erience in experimen­
tal work and a knowledge of measuring tech­
n-ique$ would be an advantage. 

Lcx:al Gov .. rnment Conditions of Service apply. 
Removal expenses and lodging allowance in appro­
priate case-s . Application forms from the under­
sig.ne<l to be returned by 2nd December, 1974. 
SO W ide Bariate, D. I. Rollet t 
Boston, Lines. Divisional Manager 

[4269 

BRUSS~LS 
' The Technical Centre of the European 

Broadcasting Union is seeking an 

EDITO·RIAL 
ASSISTANT 

for duties entailing the processing of 
English editions of the E.B.U.'s tech­
nical periodicals from source material 
to publication. 
This post with good prospects would 
suit a young Engineer or Technician of 
English mother-tongue, with experi­
ence in te·IKommunications-preferably 
broadcasting-and the abi lity to pro­
duce documents in faultless English 
from English and French materia l, as 
well as translations of technica l reportSJ 
and correspondence. A higher-than­
average proficiency in the French 
language is evidently essential. 

The starting salary will be not less 
than 400.000 Belgian francs per annum, 
depending upon age and experience. 
Candidates should write giving details 
of education and experience to: 

The DirKtor 
Technical Centre of the 
European Broadcasting Union, 
Avenue Albert Lancaster 32 
8-1180 Brussels (Belgium) 

[4236 
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Papua New Guinea 

Radio 

Technical Officers 

Applications are invited from suitably qualified and experienced personnel 
for the posts of Technical Officer (Radio) and Senior Technical Officer 
(Radio) with the Civil Aviation Agency of the Department of Transport. 
There are twelve positions available working on the installation and 
maintenance of a variety of electronic communications equipment and 
appointments will be made at three levels of seniority based on experience 
and qualifications. 
Candidates should have successfully completed City and Guilds Technician 
Courses, Part III Full Technological Certificate or HNC. A minimum of 6 
years' relevant experience is required, with at least 3 years' involvement in a 
field of radio work closely related to civil aviation communications. 

Pay per annum 
Expressed in SA. Current rale of 
exchange SA1.76 = £l.00approx. 

Conditions of service 
Period of engagement is for two years 
(renewable in most instances). General 
entitlements arc very attractive and 
include a generous gratuity (approx. 
25% of salary combined with attrac- 
tion allowance), education allowance 
for dependent children attending 
school overseas, return air passages 
with personal effects and luggage 
allowance, low cost married and single 
accommodation, and generous leave 
conditions. 
Please write or telephone immediately for an application form and full 
details of the posts. The Papua New Guinea Public Service Board Repre- 
sentative, 22 Garrick Street, London W.C.2. Telephone: 01-240 1780. 

Lc-vcl Salary 
/)! traction 
Allowance Gratuity 

TO I 2385 4460 1910 
T02 2625 5205 2230 
STOl 3105 5225 2230 

Papua New Guinea 
0& Now GAN (4277 

T.V. Engineers 

for 

New Zealand 

Are you dissatisfied with your present position, feeling like a change of 
scene? Do something about it now! Be our guest—come down under and 
join the Tisco Team. N.Z.'s largest service organisation. 
We are in service only and our engineers are all important people, 
every one of our 30 managers is an ex engineer. 
We are now selecting staff to sponsor under the Immigration Scheme 
to arrive in N.Z. mid 1975. 

If you, 
• Have 5 years experience, preferably some in colour. 
• Single or married with 3 children or less. 

write now enclosing a photograph and details of past experience to:- 
The Technical Staff Supervisor, Tisco Ltd, Private Bag, Royal Oak, 
AUCKLAND, NEW ZEALAND. 
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CHELSEA COLLEGE 

University of London 

ELECTRONICS TECHNICIAN 
GRADE 2B required for the con- 
struction and maintenance of 
equipment and apparatus and to 
assist in the running of Electronics 
Undergraduate Teaching Labora- 
tory. Day release for approved 
courses. Salary scale (under 
review) £1,752—£2,022 per annum 
including London Allowance, plus 
payments under a Threshold 
Agreement (at present approxi- 
mately £146 per annum). 37^ hour 
week, generous holidays. Applica- 
tion forms and further details 
from Mr. M. E. Cane (2B. ET) 
Chelsea College WW, Pulton 
Place, Fulham, London SW6 5PR. 

[4230 

ANGLIAN WATER AUTHORITY 
Lincolnshire River Division 

ELECTRONIC 
INSTRUMENT TECHNICIAN 

Grade T7 <£2,715—£3,018) 
Plus Threshold Payments 

Applicants should have a recognised qualifica- 
tion In electronic engineering preferably 
registered as a Technical Engineer and have ob- 
tained experience in workshop techniques, servic- 
ing and design practice. Experience in experimen- 
tal work and a knowledge of measuring tech- 
niques would be an advantage. 

Local Government Conditions of Service apply. 
Removal expenses and lodging allowance in appro- 
priate cases. Application forms from the under- 
signed to be returned by 2nd December. 1974. 
50 Wide Bargate, D. I. Rollett 
Boston, Lines. Divisional Manager 

[4269 

BRUSSELS 
x The Technical Centre of the European 

Broadcasting Union is seeking an 

EDITORIAL 
ASSISTANT 

for duties entailing the processing of 
English editions of the E.B.U.'s tech- 
nical periodicals from source material 
to publication. 
This post with good prospects would 
suit a young Engineer or Technician of 
English mother-tongue, with experi- 
ence in telecommunications—preferably 
broadcasting—and the ability to pro- 
duce documents in faultless English 
from English and French material, as 
well as translations of technical reports 
and correspondence. A higher-than- 
average proficiency in the French 
language is evidently essential. 
The starting salary will be not less 
than 400.000 Belgian francs per annum, 
depending upon age and experience. 
Candidates should write giving details 
of education and experience to: 

The Director 
Technical Centre of the 
European Broadcasting Union, 
Avenue Albert Lancaster 32 
B-1180 Brussels (Belgium) 

14236 



Wireless World, December 1974 

LEEDS CITY COUNCIL 
Department of Education 

AUDIO 
ENGINEER 

(Ref. 13/ 20) 

T3 £2187-£2538 
Plus £3.20 per week Threshold 

Leeds Polytechnic 
Educational Technology Unit 

To work with production team in 
the operation of the colour tele­
vision studio and related recording 
facilities and to assist with the 
maintenance of equipment. 

Application forms (quoting (Ref. 
No.) together with further details 
from the 

ADMINISTRATION OFFtcER 
LEEDS POLYTECHNIC 
CAL VERLEY STREET 

LEEDS LSl 3HE 

to whom the forms should be 
returned. 

(4243 
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LEEDS CITY COUNCIL 
Department of Education 

AUDIO 

ENGINEER 

(Ref. 13/20) 

T3 £2187—£2538 
Plus £3.20 per week Threshold 

Leeds Polytechnic 
Educational Technology Unit 

To work with production team in 
the operation of the colour tele- 
vision studio and related recording 
facilities and to assist with the 
maintenance of equipment. 

Application forms (quoting (Ref. 
No.) together with further details 
from the 

ADMINISTRATION OFFICER 
LEEDS POLYTECHNIC 
CALVERLEY STREET 

LEEDS LSI 3HE 

to whom the forms should be 
returned. 

14243 

I 

^AVAVAVAVAVAVAVAVA^j 

I Electronics | 

| Engineers | 

| up to £50001 

Many jobs which would suit you down to <^] 
xj the ground - either in the U.K. or overseas fx 
p> are never advertised. Yet it will cost you ^ 
/I nothing whatever to give yourself the px 
fX opportunity to be considered for them. Join the Lansdowne Appointments Register xj 
Ki — used by hundreds of employers to sol eel n> 

electronics engineers. You have nothing to 
lose, everything to gain — and it's ail fx 
conducted in strict confidence So post the 

<Q coupon - find out exactly how you can SJ 
|^> make use of a service which is all the more 

valuable for being free I <X 

<^j To: Stuart Tait, Lansdowne Appoint- ^ 
[X ments Register. Design House, The 
Xd Mall. London W5 5LS. Tel: 01 -679 6585 

(anytime - 24 hour answering service). P> 
<] Please send me further details. j^| 

Name...      <^] 
^ Age (20-45 only)  fe 
^ Address    

^ -    WW/18/11 1^ 

^ IbiTJLjlXlxy'iJL/ULXf) p 
^ flppomtments Register ^ 

^VAVAVAVAVAVAVAVAVZ^ 

Electronics Test 

Engineers: 

career openings 

that affect all 

sorts of people... 

1 

. . . you most of all, naturally. Mainly because, by 
joining the world's largest exporter of radio-telephone 
equipment you will inevitably open up for yourself 
career advantages that very few companies can provide. 
Pye Telecom is growing at an ever-increasing rate - and 
the potential for its products has as yet been only 
fractionally utilised. 
But the work you do will also be vital to an incredible 
number of others. Very frequently, life itself depends on 
the efficiency of the UHF and VHP equipment you'll be 
working on. Police, firemen and ambulance staff are a 
small sample of the extensive range of users. Which 
explains the exacting specifications of the test 
procedures in operation - and why previous fault-finding 
and testing experience is an essential requirement. If it 
relates to communications equipment, so much the 
better, but this is not absolutely essential. More 
important is practical proficiency, which may well have 
been gained in the armed forces. Relocation assistance is 
available and there is the possibility of Local Authority 
Housing being available. 
Find out more right now by phoning or writing to 
Mrs Cath Dawe at: 

MB 

Pye Telecommunications Ltd 
ColneValley Road, Haverhill,Suffolk CB9 8DU 
Telephone; Haverhill 4422 

-• r-v- • i C^t'Kyje C'i—h 



APPOINTMENTS a102 

Turn 
your practical 

experience into 
• • 

a ·careerln 
Technical Sales 
Our specialist sales support team provides a com­
plete technical sales service to industrial and re­
search laboratories. Some of our latest sc ien tific 
weighing apparatus incorporates sophisticated 
electronic equipment and this is where your back­
grou nd comes in. 
As long as you can Lmderstand the technical cap­
abilities of our advanced equipment then we can 
train you to sell it. 
The train ing is tough, so are our standards, that's 
why we are only looking for those who can be highly 
professional in th is special ised and inoividual field 
of sell ing. 
As wei as a technical background in electronics we 
are looking for good organisation ability and ple11ty 
of self motivation. 
In return we offer excellent opportunities to develop 
into management. Benefits incl ude a Cortina 1600 
Estate. 
Write to your potential boss - W. Fergus Roy, Sa I es 
and Marketi ng Director, A. Gallenkamp & Co. Ltd., 
Christopher Street, london EC2P 2ER. 

Europe' s largest laboratory supply house 

ljallenham~ 

RADIO OFFICERS 
Do you have PMG I, PMG II, MPT 2 years operating experience? 

Possession of one of these qualifies you for consideration for a Radio Officer post 
with composite signals organisation. 

On satisfactory completion of a 7-month specialist training course. successful appli­
cants are paid on a scale rising to £3.096 pa; commencing salary according to age-25 
years and over £2.276 pa. During training salary also by age, 25 years and over£ 1, 724 
pa with free accommodation. 

The future holds good opportunities for established status. service overseas and 
promotion. 

Training courses commence at intervals throughout the year. Earliest possible appli ­
cation advised. 

Applications only from British-born UK residents up to 35 years of age (40 years if 
exceptionally well qualified) wi ll be considered. 

Full details from: 

Recruitment Off!~. 
Gonrnment Communications Headqu.vtm, 

Room A/ 1105, Priors Road, Oakley, 
:Cheltenham, Glos GL52 SAJ 

TtltJ)hone Chelten'-t 21491 Ext 2270 

. 

Wireless World, December 1974 

TECHNICIAN-C.C.T.V. 
IN MEDICAL EDUCATION 

This appointment would suit an ambi­
tious person wishing to gain the wide 
experience offered by this research 
project set up to inve-stigate the place 
of television in teaching medicine. The 
successful candidate will be expected 
to run a small television studio, under­
take recording, editing and replay to 
students during teaching or examina­
tion sessions. In addition to appropri­
ate qualifications and some working 
experience with televisi<?n, candidate-s 
should have an interest in education 
and the initiative to improvise when 
unusual techniques are required. 

Salary level: £2,007-£2,362 + threshold 

For further details please contact Dr. 
P. Fleetwood-Walker, Educational Ser­
vice-s .Unit. ext. 2129. 

Ref. 496/C/548. 

Apply: As-sistant Secretary, 
University of Birmingham, 
P.O. Box 363, 
Bi rmingham. BIS 2TT. 

l-4220 

British Medical Association 

TECHNICIAN 
required for Electronics section concerned 
with medical eduation:.l television and audio 
tape recordings. 

Starting salary up to £1.600 plus threshold 
payments dt1)tndent on qualifications and ex­
pt<"ience. Day relh>e towards O.N.C. can be 
arran2ed. Out its include operation and main· 
tenance of equipment and tape duplicating. 

Further details from j. Co<>per, Department of 
Audio Visual Communkation, BMA, Tavistock 
Square, London WCIH 9JP. 

ROYAL HOUOWAY COLLEGE 
(University of London) 

Egham Hill, Egham, Surrey. 

IECHMICIANS 
Experienced Electronics Technician 
( Grade 4) required in the Physics De­
partment. Salary on the scale £1.848-
Q,l63. 

Applications together with the names 
and addresses of two referees should 
be sent to the Personnel Officer as 
soon as possible. 

(-4281 

Don't be MisLED . . . 
: Take advantage of prices normally applicable : 
• to high quantity industrial users of LED'S • 
: while our stocks last. : . . • 50 ff mixed bag of red/green £ 5 0 0 • : 0 light emitting diodes. • 

•1 00 off '!liXed~g_ofred/g!!lM £9 00 : ltght emitting d1odes. • 
: All devices are prime Gallium phosphide • 
• · emitters. • 
: Terms strictly CWO. Prices quoted are • 
: carriage paid. 
: F. R. Electronics Ltd, Wimbome, Dorset 
• Tei: 020-125 2442. Telex: 41 247 • · ...... ..•..... ...• ... ..• ... .... . · 

4207 
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Turn 

your practical 

experience into 

a career in 

Technical Sales 

Our specialist sales support team provides a com- 
plete technical sales service to industrial and re- 
search ;aboratories, Some of our latest scientific 
weighing apparatus incorporates sophisticated 
electronic equipment and this is where your back- 
ground comes in. 
As long as you can understand the technical cap- 
abilities of our advanced equipment then we can 
train you to sell it. 
The training is tough, so are our standards, that's 
why we are only looking for those who can be highly 
professional in this specialised and individual field 
of selling. 
As well as a technical background in electronics we 
are looking for good organisation ability and plenty 
of self motivation. \ 
In return we offer excellent opportunities to develop 
into management. Benefits include a Cortina 1600 
Estate. 
Write to your potential boss —W, Fergus Roy, Sales 
and Marketing Director, A. Gallenkamp & Co. Ltd., 
Christopher Street, London EC2P 2ER. 

Europe's largest laboratory supply house 

6|ollenkam|) 

14255 

RADIO OFFICERS 

Do you have PMG I, PMG II, MPT 2 years operating experience? 
Possession of one of these qualifies you for consideration for a Radio Officer post 

with composite signals organisation. 
On satisfactory completion of a 7-month specialist training course, successful appli- 

cants are paid on a scale rising to £3,096 pa: commencing salary according to age—25 
years and over £2,276 pa. During training salary also by age, 25 years and over £ 1,724 
pa with free accommodation. 

The future holds good opportunities for established status, service overseas and 
promotion. 

Training courses commence at intervals throughout the year. Earliest possible appli- 
cation advised. 

Applications only from British-born UK residents up to 35 years of age (40 years if 
exceptionally well qualified) will be considered. 

Full details from: 
Recruitment Officer, 

Government Communications Headquarters, 
Room A/1105, Priors Road, Oakley, 

Cheltenham, Glos GL52 5AJ 
Telephone Cheltenham 21491 Ext 2270 

(M 

TECHNICIAN—C.C.T.V. 
IN MEDICAL EDUCATION 

This appointment would suit an ambi- 
tious person wishing to gain the wide 
experience offered by this research 
project set up to investigate the place 
of television in teaching medicine. The 
successful candidate will be expected 
to run a small television studio, under- 
take recording, editing and replay to 
students during teaching or examina- 
tion sessions. In addition to appropri- 
ate qualifications and some working 
experience with television, candidates 
should have an interest in education 
and the initiative to improvise when 
unusual techniques are required. 
Salary level: £2,007-£2,362 + threshold 
For further details please contact Dr. 
P. Fleetwood-Walker, Educational Ser- 
vices Unit. ext. 2229. 
Ref. 496/0/548. 
Apply: Assistant Secretary, 

University of Birmingham, 
P.O. Box 363, 
Birmingham. BIS 2TT. 

[4220 

British Medical Association 

TECHNICIAN 
required for Electronics section concerned 
with medical educational television and audio 
tape recording*. 
Starting salary up to £1.600 plus threshold 
payment* dependent on qualifications and ex- 
perience. Day release towards O.N.C. can be 
arranged. Duties include operation and main- 
tenance of equipment and tape duplicating. 
Further details from J. Cooper, Department of 
Audio Visual Communication, BMA, Ttvistock 
Square. London WC1H 9JP. 

[4261 

ROYAL HOLLOWAY COLLEGE 
(Univerrity of London) 

Egham Hill, Egham, Surrey. 

TECHNICIANS 

Experienced Electronics Technician 
(Grade 4) required in the Physics De- 
partment. Salary on the scale £1,848— 
a,163. 
Applications together with the names 
and addresses of two referees should 
be sent to the Personnel Officer as 
soon as possible. 

(4281 

Dont be MisLED 
• 

Take advantage of prices normally applicable I 
to high quantity industrial users of LED'S • 
while our stocks last. *   

50 off £5.00 i 
100 off SSdlT£9.00 ; 
A ii w-..:    . a- i i ' i • AH devices are prime Gallium phosphide J 
emitters. • 
Terms strictly CWO. Prices quoted are 1 
carriage paid. J 
F. R. Electronics Ltd, Wimhome, Dorset J 

Tel: 020-125 2442. Telex: 41247 
4207 
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BBC 
ENGINEERING DESIGNS DEPARTMENT 
A number of poSts are available in Central London for 
enthusiastic and forward thinking young students to train as 

TECHNICIANS 
in the laboratories of the 88C's Designs Depal'tment. Their 
work will inc:lude assis~ing engineering and laboratory staff in 
the development, construction and testing of units of sound 
and television broadca.sting equipment. 

The successful candidates will probably be aged 18-20 and 
have a keen interest in , and possibly some experience of, 
electronks. They will have some '0' levels---two preferably 
will be scientific- and they will be either recently qualified 
to O.N.C. or City & Guilds Part II standard, or have recently 
commenced the fina.J year of such a course. Day release to 
complete the course will be given. Subsequent training to 
I.E.E.T.E. standard is by full time BSC courses at its Engineer­
ing Training Centre. 

The salary offered would depend upon experience and quali­
fi'cation on appointment and would be between £1,872 p.a. 
and £2,064 p.a. It would riie by £96 p.a. to a maximum of 
£2,352 p.a. Satisfactory trainees could expect to be selected 
within two years for more senior Laboratory Technician posts 
whose salaries can progress to £2,697 p.a. £3,0S4 p.a. , or 
£3.507 p.a. (These figures include £ 120 p.a. London Weighting, 
which is under review. ) 

Request for application forms to The Engineering Recruitment 
Officer, BBC, Broadcasting House, London, WIA 1AA, quoting 
reference 74.E.4092fWW and enclosing self addressed­
envelope at least 9in. x 4in. Closing date for completed appli­
cation forms is 14 days after publication. 

COUNTY OF SOUTH Gl.AMORGAN 
DEPARTMENIT Of ENVIRONME·NT 

AND PLANNING 

Senior 
Assistant 

[4211 

ENGINEER 
SO/P0(1) £3201-£3729 p.a. 

Plus Threshold Payment 

This senior post is in the County Surveyor's Division and 

applicants will be required to assist in the design of an Area 

Traffic Control Scheme for the City. Applicants should prefer­

ably· be familiar with computer systems, data transmission 

and closed circuit television, and must hold an appropriate 

qualification in this field In accordance with the National 

Scheme. 

A contribution of up to £500 toward removal and associated 

expenses will be considered In appropriate cases. 

Application forms are obtainable from : The Personnel and 

Management Services Officer, Floor 9, County H.Q .. Newport 

Road, Cardiff. (0222 499022). Closing date 2nd December, 

1974 and applicants should quote reference S212. 
[·4221 

al03 APPOINTME 

FOREIGN·AND COMM.ONWEALTH OFFICE 
COMMUNICATIONS DIVISION 

Has a continuing commitment for 

BROADCAST RELAY 
ENGINEERS 

To serve a one year (unaccompanied) tour of duty on 

the island of Masirah (off the coast of Oman). 

Appl ications are invited from engineers with experi­

ence of the operation and maintenance of high­

powered radio transmitters, and who hold a third year 

City and Guilds Certificate in Telecommunications or 

its equivalent. 

SALARY: £6,563 per annum, plus a tax free allowance 

of £480 per annum for a single officer, or £985 per 

annum for a married unaccompanied officer. 

Free furnished accommodation and passages are 

available. 

For an application form and further details, please 

write to: 

Recruitment ~dion 
Foreign and Commonwealth Office 

Hanslope Pari<, Hanslope 
Milton KeyM$ MK19 1BH 

CHIEF 
ENGINEER 

The North West State of Nigeria 

requires a chief engineer. based in 

Sokoto, for a new Colour Television 

Service. 

Candidates should have experience in 

the operation and maintenance of P.A.L. 

Colour Television Studio. Outside Broad­

cast. Microwave Link and VHF Trans­
mitters equipment. 

Apply in writing to: 

[4215 

DAVID WHITTLE ASSOCIATES 
Communications, Electronics & Television Consultants 

Grays Redlynch Salisbury Wiltshire UK 
[4227 
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Wireless World. December 1974 

BBC 

ENGINEERING DESIGNS DEPARTMENT 

A number of posts are available in Central London for 
enthusiastic and forward thinking young students to train as 

TECHNICIANS 

in the laboratories of the BBC's Designs Department. Their 
work will include assisting engineering and laboratory staff in 
the development, construction and testing of units of sound 
and television broadcasting equipment. 
The successful candidates will probably be aged 18-20 and 
have a keen interest in, and possibly some experience of, 
electronics. They will have some 'O' levels—two preferably 
will be scientific—and they will be either recently qualified 
to O.N.C. or City & Guilds Part II standard, or have recently 
commenced the final year of such a course. Day release to 
complete the course will be given. Subsequent training to 
I.E.E.T.E. standard is by full time BBC courses at its Engineer- 
ing Training Centre. 
The salary offered would depend upon experience and quali- 
fication on appointment and would be between £1,872 p.a. 
and £2,064 p.a. It would rise by £96 p.a. to a maximum of 
£2,352 p.a. Satisfactory trainees could expect to be selected 
within two years for more senior Laboratory Technician posts 
whose salaries can progress to £2,697 p.a. £3,054 p.a., or 
£3,507 p.a. (These figures include £120 p.a. London Weighting, 
which is under review.) 
Request for application forms to The Engineering Recruitment 
Officer, BBC, Broadcasting House, London, W1A IAA, quoting 
reference 74.E.4092/WW and enclosing self addressed 
envelope at least 9in. x 4in. Closing date for completed appli- 
cation forms is 14 days after publication. 

[4111 

COUNTY OF SOUTH GLAMORGAN 
DEPARTMENT OF ENVIRONMENT 

AND PLANNING 

Senior 

Assistant 

ENGINEER 

SO/PO(1) £3201-£3729 p.a. 

Plus Threshold Payment 

This senior post is in the County Surveyor's Division and 
applicants will be required to assist in the design of an Area 
Traffic Control Scheme for the City. Applicants should prefer- 
ably be familiar with computer systems, data transmission 
and closed circuit television, and must hold an appropriate 
qualification in this field in accordance with the National 
Scheme. 

A contribution of up to £500 toward removal and associated 
expenses will be considered in appropriate cases. 

Application forms are obtainable from: The Personnel and 
Management Services Officer, Floor 9, County H.Q., Newport 
Road, Cardiff. (0222 499022). Closing date 2nd December, 
1974 and applicants should quote reference S212. 

al03 

FOREIGN AND COMMONWEALTH OFFICE 

COMMUNICATIONS DIVISION 

Has a continuing commitment for 

BROADCAST RELAY 

ENGINEERS 

To serve a one year (unaccompanied) tour of duty on 
the island of Masirah (off the coast of Oman). 
Applications are invited from engineers with experi- 
ence of the operation and maintenance of high- 
powered radio transmitters, and who hold a third year 
City and Guilds Certificate in Telecommunications or 
its equivalent. 

SALARY: £6,563 per annum, plus a tax free allowance 
of £480 per annum for a single officer, or £985 per 
annum for a married unaccompanied officer. 

Free furnished accommodation and passages are 
available. 

For an application form and further details, please 
write to: 

Recruitment Section 
Foreign and Commonwealth Office 
Hanslope Park, Hanslopc 
Hilton Keynei MK19 7BH (4215 

CHIEF 

ENGINEER 

The North West State of Nigeria 
requires a chief engineer, based in 
Sokoto, for a new Colour Television 
Service. 

Candidates should have expferience in 
the operation and maintenance of P.A.L. 
Colour Television Studio, Outside Broad- 
cast, Microwave Link and VHF Trans- 
mitters equipment. 

Apply in writing to: 

DH  

DAVID WHITTLE ASSOCIATES 
Communications, Electronics & Television Consultants 

Grays Redlynch Salisbury Wiltshire UK 
14227 
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COM LTD 

VIDEOTAPE EDITOR 
Vid-Com. New Zealand's rapidly growing independent video facility require an 
additional VTR Editor. 

Facilities include four Ampex 1200c VTRs. Mark I Editec. an EECO Time Code 
system. HS-1 00 Video Disc. Fernseh studio and hand-held cameras. a Grass Valley 
N 1600 Vision Mixer and a self-contained mobile 08 VTR unit. Present staff size-
26 people. 

Major activities involve production of _commercials and programmes for broadcast 
as well as various CCTV projects. 
The applicant must be a fully trained skilled VTR operator/editor and experience as 
a technician would be helpful though not essential. 
Salary is negotiable in the range of $NZ 7 .000 per annum and overtime and meal 
allowance wi ll apply. 
As an independent facility we are not subsidized by Government or advertising 
revenue and it is the end result of our production efforts that counts. 
The successful applicant must be willing to offer a sense of responsibility and service 
to our customers as well as providing technical ability. The applicant. if qualified. will 
also have the opportunity to assume the position of Deputy Chief Engineer. 
Enquiries should be directed to: 

The General Manager, 
Vid-Com Ltd., 
P.O. Box 1409, Auckland, New Zealand. 

TONGA 
SUPERVISING 

BROADCASTING 
TECHNICIAN 

4209 

required by the Tonga Broadcasting Commission to be responsible for the 
operation and maintenance of the Commission's two 10 Kilowatt sound 
transmitters. to install and maintain studio equipment, to run a radio retail 
store involving technical supervision in purchasing. selling and repairing of 
receivers and other equipment. 
Candidates. under 55 years of age. MUST have a City and Guilds Telecom­
munications Technician Final Certificate Course 271 or equivalent with ten 
years' experience-in the operation of studio and transmitter equipment as well 
as in all aspects of a small broadcasting station with particular emphasis on 
sound transmitters. Salary in scale £2.125 to £3.400 pa which includes an 
allowance normally tax free in scale £504 to £1.404 pa and 20% Cost of 
Living Allowance. Gratuity 20% of Local Salary. Tour of two years. 
Benefits include free passages, Government housing at moderate rental. 
Holiday visit passages and generous paid leave. An appointment Grant of 
£300 and Car Loan of £600 may be payable. 
The post described is partly financed by Britain's programme of aid to the 
developing countries administered by the Ministry of Overseas Development. 
For further particulars you should apply. giving brief details of experience to 

arawn agenls 
M Division, 4 Millbank. London SW1 P 3JD. quoting reference number 
M2K/740928/WF. 

14258 
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CHELSEA COLLEGE 
University of London 

TECHNICIAN 
GRADE 4 

required to run Physics Second 
and Third Year Undergraduate 
Teaching Laboratory. Duties in­
clude the development, construc­
tion and maintenance of Physics 
teaching apparatus and a good 
knowledge of electronics is re­
quired. 

Salary (under review) £2,076 to 
0,391 includ ing london Allow­
ance, plus payments under a 
Threshold Agreement (at present 
£167 per annum). 
Application forms and further 
details from Mr. M. E. Cane 
( 4.PT ), Chelsea College, WW, 
Pulton Place, Fulham, London 
SW6 SPR. 

14250 

FIELD SERVICE ENGINEER 
required for the Electronics Depart· 
ment of Lithographic Printers. Good 
rates and prospects of promotion for 
the right man. 

KINGPRINT l TO. 
Electronics Division, 

ORCHARD ROAD, RICHMOND, 
SURREY. Tel: 876 1091 

14265 

'Public Address Engineer 
Experienced man with hiah st•ndards 
required in the Public Address and Sound 
Re<ord ing field, capable of oraanising and 
ope-ratina temporary P .A. Systems c:overing 
conferenees etc. Basic knowledge of 
electronics, tape editing and recording useful. 
Smart appearance (conventional d ress) essen­
tial. Reliable driver-livinii central London­
Age 24·40. Solary negotioble-full details to: 

G. HANSEN, 
Griffiths Hansen (Recordings) Ltd. 
12 Balderton Street, 
London, WI F 1 TF. 

Telephone 01-499 1231 / 2. 14225 

DEVELOPMENT ENGINEER 
required for an expanding company 
servicing the printing industry. First 
clas.s rate-s of pay. Pension scheme and 
good prospects for the right man. 

KINGPRINT l TO. 
Electronics Division, 

ORCHARD ROAD, RICHMOND, 
SURREY. Tel: 876 10'91 

[4266 

TELEVISION ENGINEER 
A vacancy occurs for an additional TV. 
Engineer vtith an expanding Rental and 
Retail company. Applicant will prefer­
ably have some colour experrence. 
Large s/ c flat available after trial 
period. Salary according to experience. 

Hydes of Chertsey Ltd., 
56/60 Guildford Street, Chertsey 63243 

[39 
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TONGA 

SUPERVISING 

BROADCASTING 

TECHNICIAN 

required by the Tonga Broadcasting Commission to be responsible for the 
operation and maintenance of the Commission's two 10 Kilowatt sound 
transmitters, to install and maintain studio equipment, to run a radio retail 
store involving technical supervision in purchasing, selling and repairing of 
receivers and other equipment. 
Candidates, under 55 years of age, MUST have a City and Guilds Telecom- 
munications Technician Final Certificate Course 271 or equivalent with ten 
years' experience in the operation of studio and transmitter equipment as well 
as in all aspects of a small broadcasting station with particular emphasis on 
sound transmitters. Salary in scale £2,125 to £3,400 pa which includes an 
allowance normally tax free in scale £504 to £1,404 pa and 20% Cost of 
Living Allowance, Gratuity 20% of Local Salary. Tour of two years. 
Benefits include free passages, Government housing at moderate rental. 
Holiday visit passages and generous paid leave. An appointment Grant of 
£300 and Car Loan of £600 may be payable. 
The post described is partly financed by Britain's programme of aid to the 
developing countries administered by the Ministry of Overseas Development. 
For further particulars you should apply, giving brief details of experience to 

rromn agents 

M Division, 4 Millbank, London SW1P 3JD, quoting reference number 
M2K/740928/WF. 

14258 

VID COIVI LTD 

VIDEOTAPE EDITOR 

rapidly growing independent video facility require an Vid-Com, New Zealand's 
additional VTR Editor. 
Facilities include four Ampex 1200o VTRs, Mark I Editec, an EECO Time Code 
system. HS-100 Video Disc, Fernseh studio and hand-held cameras, a Grass Valley 
N1600 Vision Mixer and a self-contained mobile OB VTR unit. Present staff size— 
26 people. 
Major activities involve production of commercials and programmes for broadcast 
as well as various CCTV projects, ' 
The applicant must be a fully trained skilled VTR operator/editor and experience as 
a technician would be helpful though not essential. 
Salary is negotiable in the range of SNZ 7,000 per annum and overtime and meal 
allowance will apply. 
As an independent facility we are not subsidized by Government or advertising 
revenue and it is the end result of our production efforts that counts. 
The successful applicant must be willing to offer a sense of responsibility and service 
to our customers as well as providing technical ability. The applicant, if qualified, will 
also have the opportunity to assume the position of Deputy Chief Engineer. 
Enquiries should be directed to: 

The General Manager, 
Vid-Com Ltd., 
P.O. Box 1409, Auckland, New Zealand. 4209 
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CHELSEA COLLEGE 
University of London 

TECHNICIAN 

GRADE 4 

required to run Physics Second 
and Third Year Undergraduate 
Teaching Laboratory. Duties in- 
clude the development, construc- 
tion and maintenance of Physics 
teaching apparatus and a good 
knowledge of electronics is re- 
quired. 
Salary (under review) £2,076 to 
£2,391 including London Allow- 
ance, plus payments under a 
Threshold Agreement (at present 
£167 per annum). 
Application forms and further 
details from Mr. M. E. Cane 
(4.PT), Chelsea College, WW, 
Pulton Place, Fulham, London 
SW6 5PR. 

14250 

FIELD SERVICE ENGINEER 
required for the Electronics Depart- 
ment of Lithographic Printers. Good 
rates and prospects of promotion for 
the right man. 

KINGPRINT LTD. 
Electronics Division, 

ORCHARD ROAD. RICHMOND, 
SURREY. Tel: 876 1091 

14265 

Public Address Engineer 
Experienced man with high standards 
required in the Public Address and Sound Recording field, capable of organising and 
operating temporary P.A. Systems covering 
conferences etc. Basic knowledge of 
electronics, tape editing and recording useful. 
Smart appearance (conventional dress) essen- 
tial. Reliable driver—living central London— 
Age 24-40. Salary negotiable—Full details to: 

C. HANSEN, 
Griffiths Hansen (Recordings) Ltd, 
12 Balderton Street. 
London, W1F ITF. 

Telephone 01-499 1231/2. (4225 

DEVELOPMENT ENGINEER 
required for an expanding company 
servicing the printing industry. First 
class rates of pay. Pension scheme and 
good prospects for the right man. 

KINGPRINT LTD. 
Electronics Division, 

ORCHARD ROAD, RICHMOND, 
SURREY. Tel: 876 1091 

[4266 

TELEVISION ENGINEER 
A vacancy occurs for an additional TV. 
Engineer vyith an expanding Rental and 
Retail company. Applicant will prefer- 
ably have some colour experience. 
Large s/c flat available after trial 
period. Salary according to experience, 

Hydes of Chertsey Ltd., 
56/60 Guildford Street, Chertsey 63243 

[39 
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£2,000-£2,500 
p,a. BASIC to 

REPAIR E·NGIN.E,ER 
ACCORDING TO A84LITY 

for servicing audio and photosn.phic 
(electron ic flash) equipment, etc. 

AXCO INSTRUMENTS L TO. 

(Tel: 01-3<46 8302) 

228, Re~rents Park Road, Finchley N3 3HP 

[42 10 

INTEROFFICE TELEPHONES 
LIMITED 

An o~ortun·ity exists to joln our Sound and Time 
Section to maintain in london/H. CountiH various 
types of Radio/ Amplifiers. Some knowledge of 
Impulse Clock: Systems and direct speech install• · 
tions would k an advann.goe. 

Please te lephone for an appointment. 

01-274 3214/S 
01-274 5091 [4275 

REQUtRED-EXPERJE·NCED 
ENGINEER 

for high quality tape recorders u well as 
sound projection eqwpment. Salary neaotiable. 

Apply: 
AV DISTIUBUTO RS (London) LIMITED, 

26 Park Road, London NWI 4SH 
Phone: 01-935 8161. 

[4213 

. APPOINTMENTS 

ELECTRONIC EXPE.IUENCE WANTED. En­
aineers, technicians or testers required to assist 

teams preparinc electronic equipment manuals. Writ· 
ins experience preferable but not essenlial. Interest· 
log work on Sltes in London and Home Counties. 
Imp ex Publications, 37. Alexandra Street, Southend­
on-Sea, Essex. L4273 
R EDIFON TELECOMMUNICATIONS LTD .• 

London, SWI8, have a vacancy for an en­
thusiastic, practical man with some experience or 
Volume Production Te.<tins; in t\le clc:etronics in­
dustry. Phone: 01-874 7281 and ask for Len Pol"ter. 

[4212 

SITUATIONS VACANT 

H l ·fl AUDIO ENGfNEERS. We require experi· 
, enced Junior aod Seniors and will pay top rates 

to &ct them. Tell us about your abilities . 01-437 4607. 
[19 

'T'V FlLM Dubbing Theatre requires experienced 
.1. engineer, professional .sound recording techni· 

ques. Write stating experience and salnry expect· 
ations. Box No. W.W. 4226. 
W ANT A PAID HOBBY? We are a London 

T .A. R egiment with vacancies for morse 
operators. Telephone 01-247 SS94 or 8749, [4217 

ARTICLES FOR SALE 
A ARVAK ELECTRONICS, 3-channel sound-light 

converters, from £18. Strobes, £25. Rainbow 
Strobc:s, £132.- 98A West Gr<en Road (Side Doo r), 
London N15 'SNS. 01-800 8656. 123 
BRADLEY :SAND pa.~s filters. No. 4 45G-6SOMHz. 

No. '5 6'5G-IOOOMHz 2 each. CQax switch tvpe 256 
6 way SO.Q'N' . Offers. Finch. 6 Cherry Tree Way. 
Penn, Bucks. Penn 4483. f4247 

C OLOUR T.V.'s-Bush CTV25 displayed working 
£90+ VAT. Large d-iscoun~• for 3-up. Non-workers 

available. Rediffusion wired Mono T .V.'s all screen 
•izes, new condition. Sumiks, 1532 Pershore Roau , 
Birmingham. 30. Tel. 021-458 2208. [12 
p oR SAI.E Racal IOOMbx Universal counter timer 

type SA 5'50 and handbook, good working order, 
only £80. Smith, "Cracknells", Hempstead, N r. 
Saffron Walden1 E.'sex. T elephone Radwinter 493 
evenings or weeKends. 14264 

WE SELL 
CONSTRUCTION PLANS 
Phonevision. Television Camera. Pollee Radar 
Det«tor, Vole~ typewriter. Scrambler. Answer· 
lno machine, Wireless QUarter mike. Plans; 
$7.50 each. 

COURSES 
Detective-E l e<tr, S36.50, Security .. E lcctr, 
$43.50. Telephone Eng . $59. 

OVER 750 ITEMS 
Ask lor Catalogue--Airmailed $0.75 

T. STRIK. 
. Postbox 618, Rotterdam, Holland. 

[44 

Ciassiftede c:ontlnu~ on page 106 

.:Ois 
APPOINTMENTS 

Find your place in British Gas 

COMMUNICATIONS 
AND 

INSTRUMENTATION 
MAINTENANCE 

Eastern Gas wish to recruit a Maintenance Technician to be based at 

their Co=unications and Instrumentation Workshop at Hertford. 

The duties, which are both varied and interesting, involve all aspects 

of maintenance on their Region's Integrated Communications System 

which incorporates the use of microwave radio, telemetry and electronic 

pneumatic instrumentation. 

ONC or equivalent qualification plus a knowledge of one of the above 

is desirable but not essential for applicants with proven ability in 

Communications or Instrumentation. 

The salary will be in the range £2,025- £2,532 per annum and there 

are excellent opportunities for promotion on merit to a salary grade 

rising to £2,865 per annum; in addition to these figures a weekly 

supplement will be paid in accordance with the pay code under the 

Industry's Threshold Agreement. 

Considerable travelling within the Eastern Region of British Gas will 

be necessary and a current driving licence is therefore essential. 

Please write with full details of age, qualifications and 

experience to J. M. Pinney, Recruitment Officer, Eastern 

Gas, Star House, Potters Bar, Herts or telephone Potters 

Bar 5115 1. 

EASTERN GAS 
4262 

RADIO TECHNICIANS 
Ate you a Radio Technician with a City & Guilds, Intermediate Tele­

communications Certificate or equivalent? If so then why not join the 

Home Office. There are vacancies in Central London (near Waterloo 

Station) but you may also be liable for employment at the Home Office 

Laboratory at Canons Park, Stanmore. 

PAY: Inclusive of an interim addition is £1,695 at 
19 rising to £2,575 plus a cost of living 
supplement which is at present £12.18 a 
month. In addition a London Weighting 
Allowance of £228 which at present is sub­
ject to review. 

A SECURE FUTURE wit h a good pension scheme, prospects of 
promotion and a generous leave allowance. 
Five day week of 41 hours. 

EXPERIENCE: 

INTERESTED: 

Two years practical workshop experience of 
maintenance and the use of radio/electronic 
gear. 

Then telephone or write for an appl ication 
form (to be returned by 29 November, 
1974) to: 

Miss C. S. E. Phillips, Home Office, Whitting­
ton House, 19-30 Alfred Place, London 
WC1EA 7Ej. 

Telephone 01-637 2355 Extn. 87 . 
[4253 

APPOINTMENTS 
Wireless World, December 1974 

£2,000—£2,500 
p.i. BASIC to 

REPAIR ENGINEER 
ACCORDING TO ABILITY 

for servicing audio and photographic 
(electronic flash) equipment, etc. 

AXCO INSTRUMENTS LTD. 
(Tel: 01-346 8302) 

228. Regents Park Road. Finchley N3 3HP 
[4210 

iOlfi 

INTEROFFICE TELEPHONES 
LIMITED 

An opportunity exists to join our Sound and Time 
Section to maintain in London/H. Counties various 
types of Radio/Amplifiers. Some knowledge of 
Impulse Clock Systems and direct speech installa- 
tions would be an advanta.ge. 

Please telephone for an appointment. 
01-274 3214/5 

01-274 5091 [4275 

REQUIRED—EXPERIENCED 
ENGINEER 

for high quality tape recorders as well as 
sound projection equipment. Salary negotiable. 

Apply: 
AV DISTRIBUTORS (London) LIMITED, 

26 Park Road, London NWI 4SH 
Phone: 01.P35 8161. _ , [4213 

APPOINTMENTS 
Electronic experience wanted. En- 

gineers, technicians or testers required to assist 
teams preparing electronic equipment manuals. Writ- 
ing experience preferable but not essential. Interest- 
ing work on sites in London and Home Counties. 
Impex Publications, 37, Alexandra Street, Southcnd- 
on-Sca, Essex. [4273 
REDIFON TELECOMMUNICATIONS LTD.. 

London, SW18, have a vacancy for an en- 
thusiastic, practical man with some experience of 
Volume Production Testing in the electronics in- 
dustry. Phone; 01-874 7281 and ask for Len Porter. [4212 

SITUATIONS VACANT 
HI-FI AUDIO ENGINEERS. We require experi- 

enced Junior and Seniors and will pay lop rates 
to get them. Tell us about your abilities. 01-437 4607. 
rrv FILM Dubbing Theatre requires experienced T engineer, professional .sound recording techni- 
ques. Write stating experience and salary expect- 
ations. Box No, WAV. 4226. 
\X7ANT A PAID HOBBY? We are a London Yt t.A. Regiment with vacancies for morse 
operators. Telephone 01-247 5594 or 8749, [4217 

ARTICLES FOR SALE 
AARVAK ELECTRONICS, 3-channel sound-light 

converters, from £18. Strobes, £25. Rainbow 
Strobes, £132.—98A West Green Road (Side Door), 
London NI5 5NS. 01-800 8656. [23 
BRADLEY BAND pass filters. No. 4 450-650MHZ. 

No. 5 650-lOOOMHz 2 each. Coax switch type 256 
6 way 50£i*N'. Offers. Finch. 6 Cherry Tree Way, 
Penn," Bucks. Penn 4483. 14247 
COLOUR T.V.'s—Bush CTV25 displayed working 

£90+VAT. Large discounts for 3-up. Non-workers 
available. Rediffusion wired Mono T.V.'s ali screen 
sizes, new condition. Sumiks, 1532 Pershore Road. 
Birmingham. 30. Tel. 021-458 2208. [12 
FOR SALE Racal lOOMhz Universal counter timer 

type 5A 550 and handbook, good working order, 
only'£80. Smith, "Cracknells", Hempstead, Nr. 
Saffron Walden, Essex. Telephone Radwinter 493 
evenings or weekends. [4264 

WE SELL 
CONSTRUCTION PLANS 
Phonevision. Television Camera, Police Radar 
Detector, Voice typewriter. Scrambler. Answer- 
ing machine. Wireless quarter mike. Plans; S7.50 each. 

COURSES 
Detective-Electr, S35.50. Security-Electr, 
$43.SO. Telephone Eng. $59. 

OVER 750 ITEMS 
Ask for Catalogue—Airmailed $0.75 

T. STRIK. 
Postbox 618, Rotterdam, Holland. 144 

Classifieds continued on page KMS 

Find your plocejn BritishGos 

COMMUNICATIONS 

AND 

INSTRUMENTATION 

MAINTENANCE 

Eastern Gas wish to recruit a Maintenance Technician to be based at 
their Communications and Instrumentation Workshop at Hertford. 
The duties, which are both varied and interesting, involve all aspects 
of maintenance on their Region's Integrated Communications System 
which incorporates the use of microwave radio, telemetry and electronic 
pneumatic instrumentation. 
ONC or equivalent qualification plus a knowledge of one of the above 
is desirable but not essential for applicants with proven ability in 
Communications or Instrumentation. 
The salary will be in the range /;2,025-£2,532 per annum and there 
are excellent opportnnities for promotion on merit to a salary grade 
rising to £2,865 per annum; in addition to these figures a weekly 
supplement will be paid in accordance with the pay code under the 
Industry's Threshold Agreement. 
Considerable travelling within the Eastern Region of British Gas will 
be necessary and a enrrent driving licence is therefore essential. 
Please write with full details of age, qualifications and 
experience to ). M. Pinney, Recruitment Officer, Eastern 
Gas, Star House, Potters Bar, Herts or telephone Potters 
Bar 51151. 

EASTERN GAS 

>h Lias win 

JL 

RADIO TECHNICIANS 

Ate you a Radio Technician with a City & Guilds, Intermediate Tele- 
communications Certificate or equivalent? If so then why not join the 
Home Offce. There are vacancies in Central London (near Waterloo 
Station) but you may also be liable for employment at the Home Office 
Laboratory at Canons Park, Stanmore. 

PAY; Inclusive of an interim addition is £1,695 at 
19 rising to £2,575 plus a cost of living 
supplement which is at present £12.18 a 
month. In addition a London Weighting 
Allowance of £228 which at present is sub- 
ject to review. 

A SECURE FUTURE with a good pension scheme, prospects of 
promotion and a generous leave allowance. 
Five day week of 41 hours. 

Two years practical workshop experience of 
maintenance and the use of radio/electronic 
gear. 

Then telephone or write for an application 
form (to be returned by 29 November, 
1974) to: 

Miss C. S. E. Phillips, Home Offce, Whitting- 
ton House, 19-30 Alfred Place, London 
WC1EA 7EJ. 
Telephone 01-637 2355 Extn. 87. 

14253 

EXPERIENCE: 

INTERESTED: 
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Join the EMI Service Team at Hayes 
We urgently require 

Electronic Repair & 
Calibration Engineers 
required for the repair and calibration of a wide range of electronic 
instrumentation, including oscilloscopes, DVMs, pulse generators, 
power supplies etc. 

Applicants should be aged at least t8 years and should have had at 
least two years background in electronics. Furthertraining will be 
given in appropriate cases. 

Close Circuit Television 
Engineers 
for the servicing and commissioning of CCT V, VTRs etc. 

Applicants should be aged at least 19 years, and must have had some 
experience in television receiver servicing. 

For both of these positions, starting salary will be up to £2,300 per 
annum according to age, experience and ability. 
37~ hour week, plus paid overtime. 

Don't delay, for further details telephone or write toM. Ford, 
01-573 3888 Ext. 2268, EMI Service, 254 B lyth R oad, Hayes, 
Middlesex. 

BRUNEI 
TELEVISION ENGINEER 

Posting Bandar 
Seri Begawan. 

Engagement for three 
years initially. 

Gratuity 25% qf total 
salary d rawn. 

Free Family 
passages. 

Furnished quarters 
at reasonable rental. 

Children's education 
allowances and 
holiday visit 
passages. 

Interest free car loan. 

There is NO INCOME 
TAX PAYABLE in 
Brunei at present. 

The Brunei Television Service req ui re a 
Supervisory Engineer (Transmitters) to be 
responsible to the Superintending 
Engineer for the efficient operation and 
maintenance of all transmitting equipment; 
also routine inspection and maintenance 
of aerials and feeders on towers 400/ 
450ft. high and to undertake the training 
of local staff. Candidates, preferably under 
55 years of age, must hold a recognised 
qualification in colour television engineer­
ing, and have spent at least 5 years in a 
supervisory position in a PAL colour 
television transmitting station. Experience 
should include parallel operation of 
Band Ill transmitters of 5 KW and higher 
output towers and the installation, 
operation and maintenance of microwave 
link equip ment. 
Salary, according to qualifications and 
experience, in the scale £3,166 to £5.750 
approximately. 

For f urther particulars you s hould 
apply, g•vmg brief details of 
experience, to: 

crown agents 
M Division. 4 Millbank, l ondon 
SW1 P 3JD, quoting re f e re n ce 
number M2K/740804/ WF. (4222 

Wireless World, December 1974 

Cl:t!ISifieds eontin~d lrom page lOS 
Artieks for Sale cootinued 

PRESSURE SENSITIVE 
RESIST ORS 

D;sks Squares Strips 
75p each. Min . Order £5+30p P&P-VAT 
Trial Pack - 3 disks, 3 squares, I strip, 
£5.73 inc. P&P and VAT, or £5.25 CWO. 

LOGIC APPUCAnONS UMJTED 
6 Swan Clo .. , St. Paul's Cray, Orpington, 

Kent. Td. Orplngton 30908 
[4259 

£"0LOUR. UHF and TV SPARES. Colour and 
~ . UHF listS available on request. 62S TV. If unit. 
suitable for Hi-Fi amp or tape recording, £6.75, P/P 
35p. Bush CTV25 colour, rrew power units complete, 
incl. mains TX, Electrolytics, rectifiecs. etc.. £2.50. 
carr. SOp. New convergence panels plus yoke and 
blue lat .. £3.85, P/P 40p, New Philips single standard 
convergence paneL' complete .. incl. 16 controls, coils, 
P.B. switches. leads and yoke £5.00, P/P 40p. New 
Colour Scan Coils. Mullard or Plessey plus con­
vergence yoke and blue lateral, £10.00. P /P 40. 
Mullard ATI025;05 Convergence Yoke, £2.50, P/P 
35p. Mullurd or Plcssey Blue Laterals, 75p P/P 
20p. BRC 3000 type Sca n Coils, £2.00, P/P 40p. 
Delay Lines OL20, £3 .50. DLIE, DLl. £1 .50. P/P 
25p. Lum. Delay Lines, SOp, P/P 15p. EHT Colour 
Quadrupler for Bush Murphy CTV 25 111/174 series. 
£8.25, P/P 35p. EHT Colour Tripier ITT TH25/ 1TH 
suitable most sets, £2 .00, P/P 25p . KB CVCl Dual 
Stand. convergence panels complete incl . 22 controls. 
£3.15, P/P 3~p. CRI Base Pane l, £1.75, P/P 15p, 
Makers Colour surplus/salvaged PhiliPS GS paneJs 
part complete; Decoder, £2.50, IF incl. 5 modules, 
£2.25. T. Base, £1.00, P/P 25p. CRT base, 75p, P/P 
ISp. GEC 2040 panels, Decoder , £3 .50. T. Base, 
£1.00. RGB and Sound, £1.00, P/P 35p. CRT Base 
7Sp, P/P 20p. B9D valve bases lOp, P/P 6p. VARJ­
CAP TUNERS. UHF ELC 1043 NEW. £4.50, Philips 
VHF for Band 1 and 3, £2.85 incl. data. Sa tvagcd 
VHF and UHF Varicap tuners, £1.50.! P/P 25p. UHF 
TUNERS NEW, Transistoriscd. £2.lS5 or incl. slow 
mo tion drive. £3.85. 4 position and 6 pos. push­
bolton transistorised, £4.95. All tuners P JP 35p. 
MURPHY 600/700 series complete UHF Conver­
sion Kits incl. tuner, drive assy., 62S IF amplifier, 
7 valves, acce..<SOries housed in cabme.t Plinth assembly. 
£7.50 P/P SOp. SOBELL/GEC 405/ 625 Dual standard 
switchable IF amplifier and output chassis incl. cct.. 
£1.50 P / P 35p. THORN 850 Dual standard lime 
base panel, £1.00 PIP 35p, PHILIPS 62S IF amplifier 
panel incl. cct .• £1.00 P / P 30P. VHF turret tuners 
A T1650 incl. valves for K.B. Featherligbt. Philips 
19TGI70, GEC 2010, etc .. £2.50. PYE miniature in· 
cremental for 110 to 830. Pam and lnvicta, £1.00. 
A.B miniature with UHF injection suitable K.B. 
Baird, FC%1luson, 75p. New fireball tuners Fefi!USOn. 
HMV, Marconi, £1.90 P/P all tuoers 30p. Mullard 
110• mono sean coils. new. suiUbJe all standard 
Philips, Stella. Pye, Ekco, Ferranti. lnvicta, £2.00, 
P /P 35p. Large selection LOPTs. FOPTs available for 
most papular makes. PYE/LABGEAR tran.sistd. Ma&t­
head UHF Booster, £5. 75, Power Unit, £4.65 P /P 
30p or Setback battery operated U HF Booster, £4.65 
P/P 30p. 200+200+ 100 Microfarad 350v .Electrolytic, 
£1.00 P/P 20p. MANOR SUPPLIES, 172 WEST END 
LANE. LONDON, N.W.6 (No. 28, 59. 159 B u.ses or 
W. H am pstead Bakerloo and Brit. Rail). MAIL 
ORDER: 64 GOLDERS MAN OR DRIVE, LONDON. 
N. W. I I , Tel. 0 1·794 8751. [60 

OVERNIGHT SERVICE 
for Printed Circuit Prototypes 

Alsojroducticn runs. photography, 
gol platinr. rollff-tinning etc. 
Rijj'id boara and flexibl• film . 

Ef~ctronic lr Med!anical Sub-Assembly Co. Ltd. 
H ighfield House, Wm Kingsdown, 

Nr. Sevenoaks, Kent. 
Td : W m K-ingsdown 2344. 

[40 

CONSTRUCTION AIDS-Screws, nuts, spacers, 
etc., in small quantities. Aluminium panels 

punched to spec. or plain sheet supplied. Fascia 
panels etched aluminium to individual requirements. 
Prinred circuit boards- maste rs, negatives aod 
board. one-off or small numbers. Send 9p for lisl. 
Ramar Constructor Services, 29 Shelbourne Road, 
Stratford on Avon, Warwks. T el. Stratford on Avon 
(std 0789) 4879. 128 

D IGITAL CLOCK CONSTR UCTORS! The price 
barrier is broken! AY-.5-1224 clock chip plus 

four 0.3" seven segment L.E.D. displays type 
707: £10.46 plus VAT. pest free. For the short 
sighted: as abo,•e, but 0.6" high displays type 74 7: 
£ f2.66 plus VAT. Clock chip alone is £3.66 plus 
VAT. Circuit diagram supplied. D etails S.A.E. 
GREENBANK ELECTRONICS. 94 New Chester 
Road, Wlrral, Merseyside L62 SAG. [4232 

HI FIDELITY MODULES made and 
Linsl ey Hood, Class A .................... . 
Linsley Hood, D.C. coupled 7SW .. .. .. .. . 
Linsley Heed, pre-amp ( 7SW) ......... .. . 
Ball er. Qui.lter. pre-am p ........... . .. . .. ... . 
Toshtba I.C. Stereo, pre-amp . ..... ... .... .. 

*Excl. Heat Sinks. 

tested. 
£7.25* 

£ 14.00* 
£ 13.50 

£8.50 
£1 2.00 

TELERADIO H IFI, 315 Fore St., London, N9 OPE. 
01 -807 3719. (Closed Thursday.) (33 
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APPOINTMENTS 
al06 Wireless World, December 1974 

Join the EMI Service Team at Hayes 

We urgently require 

Electronic Repair & 

Calibration Engineers 

required for the repair and calibration of a wide range of electronic 
instrumentation, including oscilloscopes, D VMs, pulse generators, 
power supplies etc. 
Applicants should be aged at least 18 years and should have had at 
least two years background iu electronics. Further training will be 
given in appropriate cases, 

Close Circuit Television 

Engineers 

for the servicing and commissioning of CCTV, VTRs etc. 
Applicants should be aged at least 19 years, and must have had some 
experience in television receiver servicing. 

For both of these positions, starting salary will be up to £2,300 per 
annum according to age, experience and ability. 
37 J hour week, plus paid overtime. 

Don't delay, for further details telephone or write to M. Ford, 
01 "573 3888 Ext. 226S, EMI Service, 254 Blyth Road, Hayes, 
Middlesex. 

I ^ iTl 11 

The international music, electronics and leisure Group. 

BRUNEI 

TELEVISION ENGINEER 

★ Posting Bandar 
Seri Begawan. 

★ Engagement for three 
years initially. 

★ Gratuity 25% of total 
salary drawn. 

★ Free Family 
passages. 

★ Furnished quarters 
at reasonable rental. 

★ Children's education 
allowances and 
holiday visit 
passages. 

ilr Interest free car loan. 

★ There is NO INCOME 
TAX PAYABLE in 
Brunei at present. 

The Brunei Television Service require a 
Supervisory Engineer (Transmitters) to be 
responsible to the Superintending 
Engineer for the efficient operation and 
maintenance of all transmitting equipment: 
also routine inspection and maintenance 
of aerials and feeders on towers 400/ 
450ft. high and to undertake the training 
of local staff. Candidates, preferably under 
55 years of age, must hold a recognised 
qualification in colour television engineer- 
ing, and have spent at least 5 years in a 
supervisory position in a PAL colour 
television transmitting station. Experience 
should include parallel operation of 
Band III transmitters of 5 KW and higher 
output towers and the installation, 
operation and maintenance of microwave 
link equipment. 
Salary, according to qualifications and 
experience, in the scale £3,166 to £5,750 
approximately. 
For further particulars you should 
apply, giving brief details of 
experience, to: 

crown agents 

M Division. 4 Millbank, London 
SW1P 3JD, quoting reference 
number M2K/740804/WF. (»222 

CLa^ifierts continued from page ICS 
Articles for Sale continued 

PRESSURE SENSITIVE 
RESISTORS 

Dick: Squares Strips 
75p each. Min. Order f5 -30p P&P-^VAT 
Trial Pack — 3 disks. 3 squares, 1 strip. 
£5.73 inc. P&P and VAT. or £5,25 CWO. 

LOGIC APPLICATIONS LIMITED 
6 Swan Close, St. Paul's Cray. Orpington, 

Kent. Tel. Orpington 30908 
1-4259 

/"tOLOUR. UHF and TV SPARES. Colour and A-r UHF lists available on request. 625 TV. If unit, 
suitable for Hi-Fi amp or tape recording, £6.75, P/P 
35p. Bush CTV25 colour, new power units complete, 
incl. mains TX, Eiectrolytics, rectifiers, etc.. £2.50, 
carr. 80p. New convergence panels plus yoke and 
blue lat., £3.85, P/P 40p. New Philips single standard 
convergence panels complete, inch 16 controls, coils, 
P.B. switches, leads and yoke £5.00, P/P 40p. New 
Colour Scan Coils. Mullard or Plessey plus con- 
vergence yoke and blue lateral, £10.00, P/P 40. 
Mullard AT1025;05 Convergence Yoke, £2.50. P/P 
35p. Mullard or Plessey Blue Laterals, 75p P/P 
20p. BRC 3000 type Scan Coils, £2.00i P/P 40p. 
Delay Lines DL20, £3.50, DL1E, DL1. £1,50, P/P 
25p. Lum. Delay Lines, 50n, P/P I5p. EHT Colour 
Quadrupler for Bush Murphy CTV 25 111/174 series. 
£8.25, P/P 35p, EHT Colour Triplet ITT TH25/1TH 
suitable most sets. £2.00, P/P 25p. KB CVC1 Dual 
Stand, convergence panels complete inch 22 controls. 
£3,75. P/P 35p. CRT Base Panel, £1.75, P/P 15o, 
Makers Colour surplus/salvaged Philips G8 panels pan complete; Decoder, £2.50, IF inch 5 modules, 
£2.25. T. Base, £1.00. P/P 25p. CRT base, 75p, P/P 
I5p. GEC 2040 panels. Decoder, £3.50. T, Base, 
£1.00. RGB and Sound, £1.00. P/P 35p. CRT Base 
75p, P/P 20p. B9D valve bases lOp, P/P 6p. VARI- 
CAP TUNERS. UHF ELC 1043 NEW. £4.50, Philips 
VHF for Band 1 and 3, £2.85 inch data. Salvaged 
VHF and UHF Varicap tuners. £1.50, P/P 25p. UHF 
TUNERS NEW, Transistorised. £2.85 or inch slow 
motion drive, £3.85. 4 position and 6 pos. push- 
button transistorised, £4.95. All tuners P/P 35p. 
MURPHY 600/700 scries complete UHF Conver- 
sion Kits inch tuner, drive assy., 625 IF amplifier, 
7 valves, accessories housed in cabinet plinth assembly, 
£7.50 P/P 50o. SOBELL/GEC 405, 625 Dual standard 
swilchable IF amplifier and output chassis incl. cel.. 
£1.50 P/P 35p. THORN 850 Dual standard time 
base panel, £1.00 P/P 3Sp. PHILIPS 625 IF amplifier 
panel inch cel.. £1.00 P/P 30p. VHF turret tuners 
AT7650 inch valves for K B. Fealherlight. Philips 
19TG170, GEC 2010, etc., £2.50, PYH miniature in- 
cremental for 110 to 830. Pam and Invicta. £1.00, 
A.B miniature with UHF injection suitable K.B. 

Ferguson. 75p. New fireball tuners Ferguson, HMV, Marconi, £1,90 P/P all luners 30p. Mullard 
110 mono scan coils, new, suitable all standard 
Philips, Stella, Pye, Ekco, Ferranti. Invicta. £2 00, 
P/P 35p. Large selection LOPTs. FOPTs available for 
most popular makes. PYE/LABGEAR transistd. Mast- 
head UHF Booster, £5.75, Power Unit, £4.65 P/P 
30p or Setback battery operated UHF Booster. £4.65 
P/P 30p. 200+200+100 Microfarad 350v Electrolytic, 
£1.00 P/P 20p, MANOR SUPPLIES, 172 WEST END 
LANE, LONDON, N.W.6 (No. 28, 59. 159 Buses or 
WL Hampstead Bakerloo and Brit. Rail), MAIL 
ORDER: 64 GOLDERS MANOR DRIVE, LONDON. 
N. W. II, Tel. 01-794 8751. [60 

OVERNIGHT SERVICE 
for Printed Circuit Prototypes 

Also production runs, photography, 
gold plating, roller-tinning etc. 
Rigid board and flexible film. 

Efectronic & Mechanical Sub-Assembly Co. Ltd. 
Hlghfleld House, West Kingtdown, 

Nr. Sevenoaks, Kent. 
Tel: West Kingsdown 2344. 

[40 

(CONSTRUCTION AIDS—Screws, nuts, spacers, 
^ etc., in small quantities. Aluminium panels 
punched to spec, or plain sheet supplied. Fascia 
panels etched aluminium to individual requirements. 
Printed circuit boards—masters, negatives and 
board, one-off or small numbers. Send 9p for list. 
Ramar Constructor Services, 29 Shelbourne Road, 
Stratford on Avon, Warwks. Tel. Stratford on Avon 
(std 0789) 4879. (28 
rjIGITAL CLOCK CONSTRUCTORS! The price 
-I-, barrier is broken! AY-5-1224 clock chip plus 
four 0.3" seven segment L.E.D. displays type 
707; £10.46 plus VAT. post free. For the short 
sighted: as above, but 0.6" high displays type 747: 
£12.66 plus VAT. Clock chip alone is £3.66 plus 
VAT. Circuit diagram supplied. Details S.A.E. 
GREENSANK ELECTRONICS. 94 New Chester 
Road. Wirral, Merseyside L62 SAG. [4232 

HI FIDELITY MODULES made and tested. 
Linsley Hood. Class A   £7.25* 
Linsley Hood, D.C. coupled 75V/   £14.00- 
Linsley Hood, pre-amp (7SW)   £13.50 
Bailey Quikcr, pre-amp   £8.50 
Toshiba I.C. Stereo, pre-amp     £12.00 

*Excl. Heat Sinks. 
TELERADIO HIFI, 325 Fore St.. London. N9 OPE. 

01-807 3719. (Closed Thursday.) [33 
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SURPLUS BARGAINS 

KLEINSCHMIDT S.C.M. 
TELEPRINTER OUTFITS 

Comprisi119. Tetetypewntor (page printorltypeTT-2718 FG 
Hmown as Klo,nschmidt 160) Reperloretor· Tran$mittcr hape 
printer) type TT·272A/FG with table FN-65/ FG Both units 
ore suwlied with chen.go wheels. the whole eQIJiptT'.ent 
operates on 11 5 or230V SOcyclGaln very choice coodition 
f 55 . loa" C4). 
ELECTRONIC TIMER KITS 0·8 sec to t OO seccomprilMis 
A.e.t. TransistoriHd Module, Re1ay end all olcctrieal 
components fO< 115 or 240VACoporation£1·7 5 (25p)VAT 
20p. Vooder fOOt 4·digil resottabte counters 11 5V f'1 ·25 
(Bp). PrintAd Circuit Kits. f 1·25 C26p) tototwithVAT£1·65. 
AMPEX VIDEO TAPE 2 ln. X 1670 NEW C9 (50pi.AV0 
CT38 Electronic Toot Motors £1 8 (£11 . FERRIC 
CHLORIDE 25p a lb. 06pl. 10 1b C2·50 Cpald). K•nt Chart 
recorders 115V AC C20 1 1·50). Mul tipoint Kont Chart 
recorder• £30 C£ 1·50). TELEPRINTER Papers and Tope. 
Bt ln. roll• 3·ply, curborvbuff monilia 60p per roll (32p). 
Bt ln. rolls 7-ply NCR no carbon roqulrod, whito. £ 1 (32p) 
i i n .. 2 in. coro. white. £2 per box of 8 rolls HS2p •. 
ll ln .• 2 in. core. buff. £2 par box of 10 roll• i 52p). 
FrieSen Tape t.::l oor box of 0 rolls t52p). Loads of surplus to 
ctea;r. l tJ(QO SAE for Ust. 

ALL PLUS VAT 8 11 

CASEY BROS . 
233·237, Boundery Road, St. H•ena, Lanes. 86 

Cbs.ifieds continued from p:o ge 106 
Article> fOl' S ole continued 
M ULLA R D ferntc cures, LA3 100 h > 500 k Hz. 

SOp; LA4 10 to 30 k H~. 7Sp: L A2100 3 to 
200 k H~, SOp. Enquire> invited for other ferri tes. 
r ing.•, beads, rods. etc. Me. M urdo PPIO edge plugs 
ex brand new equipment, 12p; also 10 ways Ps 10 
sockets ex brand new equipment, 14p; cove u for 
sockets "ith cable clamps and sere"•· Jp each . Me. 
Murdo RI IA relay sockets ex new equipment . lOp 
each: 100 for £7 .00: 1000 for £50. Ceramic fom1er< 
length 23mm 0.0., IJmm internal bore. I end 
8mm in ternal bore. o ther end 4mm. 100 for £1.50. 
Very large quantities of all above compOnents ex 
stoc k. Also available la r.:e quan tities of Polyester 
ceramk. Polystyrene and electrolytic capacitors 
relays. key swi rc he$. etc. Add 8% VAT to all orders. 
M ail order on ly. Xcroza R adio. J E ast Street, 
Bishop's T awton. Devon. (4233 

MARX-LUDER 
STACKABLE EPICYCLIC GEARED 

ELECTRIC MOTORS 

gear sets extend the (8!'QO to fit most requirements. Four 
$i2es of motor each with piiQ geani ond 6v winding$ are 
availablo as under 

EM136P 1.;.wana:5000rpm:size24 X 24X74mm t: 
Mruc:.s arboxtatquo2kg.cm •••• .• ••• ••• • 5.65 

~~:~1/J!~.:r~;:'.'l!~txe:l~~~oo,.;.;,· 1.70 
Max.g,e.arboxtorque &kg .. cm • • ••••••••••• 6.45 

EM141 P/t Spa•eg<~arsetwith3.4.5.6ratios • •. • 1.80 
EM 145P20waus: 7000tpm:olze52X 52 X 180mm 

e~r.·m~\~~~~~ .. 52x5ix'z'oQ;,;.;. 8 '
25 

spe~~rc:~;~~8~r=~~.Afilienisi~ · : ~8:~ 
MOTORSwithoutgeatboxos: 

EM 131 O.Bwana: 20g.cm:8000tpm:O 17mm •• 3 .96 
EM1361.2wans:40g.cm: SOOO<om:021mm •• 3.80 
EM 1394.2watts: 160g.cm: 5000rpm;030mm . 3.80 

SPEt::\!\_~F~1~~~-~~ig,m~~~~~:~e : 1::~ 
Suggested applic.attOf\1. LaboratOfY equipmll'nt. st.trrers. 

=.=r~~:J:I:Tr!i~=~~;~~~~i~;~;s 
etc 

S.A .E. for DATA SHEETS 

"Motivator" Curtain Cord Controllers , 
A few of thoao now unlt.a heve ~ust become 1vailable. 

~~lr~!~ilmb:i~9"~;fei~~e ~i?~~~ $~~~~mCa~cr~~~ 
rn~;~~l d~~~~tlri~ft :~1:~~~. c~~:d~~~~~~~p~~:or~c:vat: 
operated romotoly by 3-woy swhch (supplied). 
Mnt.vBtOt Mo rf"i A with ' v•er bantrv ~eck. Kit . . 18.00 

FuUv ;J~scmbled and tested at above • . , .. . , • 24.00 
Motivator ModO! Mw!thn'lain$poWOr t upptv. Kit .. 22.00 

Fvllv assc1nblod and tested as above .•. . • . • . 30.00 
Additional intormlltion Olt'ldly 3UPJ)IIOd on request. All 
prices are inclusive In U.K. only. 

MAIL ORDER ONLY FROM 

AID-US PRODUCTS 
Dept. WW3, 8 Hillview Rd., Pinner 

HA54PA, Middlesex !4274 
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al07 APPOINTMENTS 

NEW JOBS IN 
STEVENAGE 
Dixserve is the servicing division of Dixons 
Photographic, the biggest camera and hi-fi retai l 
chain in the world. And Dixserve is looking for Audio 
Engineers & Electronic Calculator Engineers to work 
at their Service Centre in Stevenage. 

We' ll give you a 5-day week. 3 weeks annual holiday. 
a pension scheme. a full and comprehensive range of 
modern test equipment. plus stunningly beautiful 
offices with a subsidised restaurant and bar. a social 
club and rest rooms. And, of course, a very good 
salary scale. 

Contact: Pat Rowley, Dixons Photographic Ltd., 
Cartwright Road, Stevenage. T~l: Stevenage 
4371 (reverse the charges). 

C!1 o JOJ:SER"E 
LTD 

(4260 

Workshop Engineers 
Audio and 

Colour Television 
Our recently opened U.K. service centre is in Slough. The ~vorkshops 
are modern and lavishly equipped to undertake the servicing of our 
wide range of sophisticated colour tV and audio equipment. 

Audio/Tape 
Applicants must have at least a years' relevant experience with a 
service organisation. 

Colour Television 
A minimum of 2 years' colour TV. experience in a workshop servicing 
organisation is essential. 

Benefits include ~:' 5 day week ~:~ heavily subsidised staff restaurant 
~:~ 4weeks holiday~:~ pension schemes::.:' free life assurance~:~ and a 
special discount scheme on all our quality products. 

Write, call in or phone Mrs. A. Ward, Personnel Officer, 
AEG·TELEFUNKEN (U.K.) LTD., Bath Road, Slough SL1 4AW. 
Telephone: Slough 33311. 

+----l-4280__.., 
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SURPLUS BARGAINS 
KLEINSCHMIDT S.C.M. 
TELEPRINTER OUTFITS 

Comprising. Telerypawriter ipage printer)typeTT-271B/FG 
(known as Kloinschmidt 160} Reperforatcr-Transmiticr Itape 
printer) type TT-272A-'FG with table FN-65/FG. Both units 
are supplied with change wheels, the whole equipment 
operates on 115 or 230V 50 cycles in very choice condition 
f55. (carr C4). 
ELECTRONIC TIMER KITS 0-8 sec to 100 sec comprises 
A.E.I. Transistorised Module, Relay and all electrical components for 115 or 240V AC operation C1-75 (25p) VAT 
20p. Veeder root 4-digit rcsettable counters 115V f 1-25 
(Spl. Printed Circuit Kits, f 1-25 (25pl total with VATE'.-SS. 
AMPEX VIDEO TAPE 2 in, X 1670 NEW £9 (50pl. AVO 
CT38 Electronic Test Meters £18 (€11. FERRIC 
CHLORIDE 25p alb. II 6o). 10 lb £2-50 (paid). Kent Chart 
recorders 1I5V AC £20 (1-50). Multipoint Kent Chart 
recorders £30 (£1-50), TELEPRINTER Pacers and Tape, 
Si in. rolls S-ply, carbon/buff manilla 60p per roll (32p). 
8j m. rolls 7-dIy NCR no carbon required, while. £1 (32pl i in.. 2 in. core, while. £2 per box of 8 rolls (520). 

in,. 2 in. core, buff, £2 per box of 10 rolls (52pl. 
Friden Tape £2 pei box of 6 roils 15Zp). Loads of surplus to 
clear. Large SAE for List. 

ALL PLUS VAT 8% 
CASEY BROS. 

233-237, Boundary Road, St. Ho<en», Lanes. 8 

Classifieds continued from page J(Hj 
Articles for Sale continued 
MULLARD ferritc cores, LA3 100 lo 500 k Hz. 

50p; I.A4 10 to 30 k Hz, 75p; LA2100 3 to 
200 k Hz, 50p. Enquires inviicd for other fcrrites. 
rings, beads, rods. etc. Mc. Murdo PPIO edge plugs 
cx brand new equipment, 12p; also 10 ways Ps 10 
sockets cx brand new equipment, 14p; covers for 
sockets with cable clamps and screws, 3p each. Mc. 
Murdo BIIA relay sockets ex new equipment, JOp 
each; 100 for £7.00: 1000 for X50. Ceramic formers 
length 23mm O.D., !3mm internal bore. 1 end 
8mm internal bore, other end 4mm. 100 for £1.50. 
Very large quantities of all above components ex 
slock. Also available large quantities of Polyester 
ceramic. Polystyrene and electrolytic capacitors 
relays, key switches, etc. Add 8% VAT to all orders. 
Mail order only. Xcroza Radio, J East Street. 
Bishop's Tawton, Devon. [4233 

MARX-LUDER 
STACKABLE EPICYCLIC GEARED 

ELECTRIC MOTORS 
A range of high efficiency reversible O.C. motors are now offered complete with stockablc epicyclic gears giving all the gear ratios; 3, 4. 5. 6. 12, 15, 18. 20, 24. 30. 60, 72, 90. 120, 360 by combining them as shown. Extra 

gear sets extend the range to fir most requirements. Four sizes of motor each with pile gears and 6v windings are available as under 
EMI 36P14 watts; SOOOrpm; si2e24 X 24x 74mm L Max. gearbox torque 2kg. cm  5.65 £ M13 oP/1 Spa re ga a r se t with 3.4.5,6 ra tios .... 1.70 E M141P 8 watts: SOOOrpm: size 35 X 35 X 109mm Max.qearboxtorque5kg.cm  6.45 EM14TP/1 Sparego3rsetwi(h3.4.5.6 ratios .... 1.80 EM 145P20 watts; 7000rpm; size 52 X 52 x 180mm Max.gearboxtorquelOkg.cm  8.25 E M146 P 30 watts: 4 OOOrpm: size 52 X 52 x 200m m Max.gearboxtorquelOkg.cm  10.20 SPECIALOFFER'Gearboxpack'.Allitemsabove . 30.00 

MOTORS without gearboxes: EMI310.8watts:20g.cm:8000rpm;G17mm .3.95 EV. 1361.2watts;4Cg.cm:500Crpm:021mm , . 3.80 EM1394.2walts; 160g.cm;500(>rpm:030mm . 3.60 EM141 8watts;320g.nm:4500rpm;030mm . . . 4,20 SPECIALOFFER "Motorpack".Allmotorsabove . 14.00 Suggested applications. Laboratory equipment, stirrers. pump drives, servo systems, positioning of aerials, dampers, doors, power for models trains, boats, drills, cuttingwheels etc. S.i4.f. for OA TA SHEETS 
"Motivator" Curtain Cord Controllers * A few of these new units have just become available. Ultra slim design, e.g. size 40 X 185 X 185mm. Screws flat on wall behind curtains without showing. Can be con- nected directly to existing corded curtains. Incorporates internal auto limit switches and power supply. May be operated remotely by 3-way switch (supplied). 

Motivator ModrU R with 2 year barTery pack. Kit . . 18.OO Fully assembled and tested as above  24.00 Motivator Model M with mains power supply. Kit . . 22.00 Fully assembled and tested as above  30.00 Additional information gladly supplied on request. All orices are inclusive in U.K. only. 
MAILORDER ONLY FROM 

AID-US PRODUCTS 
Dept. WW3, 8 Hillview Rd., Pinner 

HAS4PA. Middlesex 14274 

NEWJOBS IN 

STEVENAGE 

Dixserve is the servicing division of Dixons 
Photographic, the biggest camera and hi-fi retail 
chain in the world. And Dixserve is looking for Audio 
Engineers & Electronic Calculator Engineers to work 
at their Service Centre in Stevenage. 

We'll give you a 5-day week, 3 weeks annual holiday, 
a pension scheme, a full and comprehensive range of 
modern test equipment, plus stunningly beautiful 
offices with a subsidised restaurant and bar, a social 
club and rest rooms. And, of course, a very good 
salary scale. 

Contact: Pat Rowley, Dixons Photographic Ltd., 
Cartwright Road, Stevenage. Tel: Stevenage 
4371 (reverse the charges). 

Workshop Engineers 

Audio and 

Colour Television 

Our recently opened U.K. service centre is in Slough, The (workshops 
are modern and lavishly equipped to undertake the servicing of our 
wide range of sophisticated colourTV. and audio equipment, 

Audio/Tape 
Applicants must have at least a years' relevant experience with a 
service organisation. 

Colour Television 
A minimum of 2 years' colour TV. experience in a workshop servicing 
organisation is essential. 
Benefits include ❖ 5 day week ❖ heavily subsidised staff restaurant 

4weeks holiday '[< pension schemes >1' free life assurance -k and a 
special discount scheme on all our quality products. 

Write, call in or phone Mrs. A. Ward, Personnel Officer, 
AEG-TELEFUNKEN (U.K.) LTD., Bath Road, Slough SL1 4AW. 
Telephone: Slough 33311. 

aegKsVS 
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CLASSIFIED 

MARTIN ABB DCIATEB 

ELECTRONIC 
TEST EQUIPMENT 

Clas5ifieds conliuutd from pace 10'7 
Aftides f<K Sale contiaoed 

D ATAPOINT V.D.U~-c. C_Jt-!l,l.w:.U;. 
fault only, £200. E.M .l. "Starliaht .-,ntei\Slfiei\ 

vidicon W /scan coilS !too (or offer). Mini-Com~ 
boards (complete) Oo&'. 'B~n (~ "4992" e . 

LADDERS 8ft lOin closed-21ft e>:tended, £23.54, 
delivered. Home Sales Ladder Centre (WW2), 

Haldane (North) Halesflcld (I) Telford, Shropshire. 
Tel: 0952-586644. (32 

LEON Television sound tuners. Completes your 
Hi-Fi system cbannels 21-68UHF self contained 

unit. Output Audio 200HV 36-SO inc . VAT. Leon 
Electronics 14, Aintrce Road, Crawley, Sussex. 
Crawley 20536. [4263 

CRYSTALS 
Fast delinry of prototype and production 
military quali ty crystals. Competitive prices 
all frequencies: LF crystals a special ity. 
Details from 

INTERfAC£ INTERNATIO NAL 
19 Market Street, Crewkerne, Somerset 
Tel: (046031) l 578. Tolell! 46183. 

[35 

N EW COMPONENTS Post free, 8% VAT included. 
2N 3702, 2N 3704, 9p. Gu<:st UPM 050 tW 

Carbon Film resistors lp each. Siemens B32540 250V 
P olycarbonate 0.01, 0.015, 0.022, 0.033, 0.047, 4p; 
0 .068, 0 .I uF, Sp. Triac TAG 250 400v /SA, 7Sp. 
D32 diac 2Sp. GREENBANK E.LECTRONfCS (Dept. 
323), 94 New Chester Road, Wirral, Mcrseyside. 
L62 SAG. [4268 

N EW unused di3ital multimeter mains or battery 
all normal A/C D/C ranees. Four digits 0.1% 

accuracy over 25 ranees. Cost £98 accept £72. 
Phono after 7.00 p.m. 01-560 1084. [4184 

SUPERB Instrument Cases by Baz.ctli, manufac­
tured from heavy duty P.V.C. faced <teet, hun­

dreds of Radio, Electronic, and Hi-Fi en1husiasrs 
are choosina the case they require from our range 
of over 200 models, eenerous trado discounr, prompt 
despatch, free literature, Ba-zelli Dept 22, St. 
Wilfre<ls, Foundry Lane. Halton. Lancaster IA2 
6LT. [4223 

al08 

CARBON FILM RESISTORS-En S lRIES 
H;gh Stab. !W OR j.W 5%. lp, 75p/100, US0/1000 

(22fi ·1Mfl). 

RESISTOR K ITS 22n·1Mfl E12 SERIES 
10E12 KIT 10 of eac:h value (Tota1 of $70) !W, L3·•s; 
lW, £3·1S ; .25E12 KIT 25 ol •ach value (Total ol "25) ,w. £1·a5 ; tW ""·45. 

METAL FILM KITS ALSO AVAILABLE. 
CATALOGUE No. 3 (Approx. 2 ... Part.) 20p. 

C.W.O. P. &P. tOp on orders under£$. O'lerataa etc-oat. 
B .• H . COMPONENT FACTOR& LT D 

Dept. WW. 61 Cheddlnglon Road, PITS TONE, 
Nr.lei2~!:ddi~~;~~r~)d~ tAO. 

(32 

N ELSON-JONES tuner built from lntcgrex Kit. 
Push button varicap tunill8. Portus and HAywood 

decoder. Performs to specification. I. G. Bowm3n, 
3.5 Park llill Road, Torquay, S. Devon. f4248 

TEKTRONIX S45A Scope D.C. to 30MH%. Type 
CA plug-in, dual-beam (lOSV to 20vjdiv). V«y 

good condition, recently factory serviced. Maou~ls 
for both. XlO voltage p robe. Offer$ please. Box No. 
ww 4252. 

EXPRESS 
Prototype Printed Circu its 

Fas test in Lo ndon Area 
Also medium prod uction runs, call -offs, etc. 

Electronic & Mech a nical 
Sub-Assembly Co . Ltd. 

Hig hfield Hous e , West Kingsdow n, 
Nr. Sevenoak a, Kent. 

Tel: West Kingsdow n 2344 [40 

T TNBEATABLE Prices BTI06 Branded Product 
U £0.85 excl us ive of VAT. CWO plus p.p. lOp. 
Pace Electronics Limited. I 38 Glebe Road, Deans­
hanger, Milton Keynes MK19 6NB. [4208 

V ACUUM is our speciality. New and seeond.-hand 
rotary pumps, diffusion outfits. accessories. 

coaters, etc. Silicone rubber or varnish outaassina 
equipment from £40. V. N. Barrett (Sa1es) Ltd ., 
l Mayo Road, Croydon. 01-684 9917. [24 

ENAMEU.ED COPPER WIRE 
s.w.c . lib reel 

10 to 14 £ 1 ,90 
15 to 19 £2,00 
2 0 to 24 £2,05 
25 to 29 £2,10 
30 to 34 £2,20 
3 5 to 4 0 £%,35 

All the above pr ices are inclusive In 

COPPER SUPPLIES 

'2lb reel 
£ 1 .0 5 
£1.1 0 
£ 1 .15 
£ 1 .20 
£ 1 .211 
£ 1 .J5 

U.K. 

102 Parsw~1e:hdonewA'G~~!~~·3tt:;chHter 20 
1115 

?4v BATTERY CHARGERS. Basic 6 amp 
t<.J · Charger £36. Automatic Trickle C harge, £48. 
!2 amp Charge r for charging two baltcry bank.~ 
s imultaneously with independent automatic trickle 
charge, £62. Prices+ VAT + Del. Send for leaflet or 
send cheque o r PO to Lark E lectronics Ltd., 33 
We.~tern Road, Lymington, H ants. Tel. Lym 3822 
or 5806. [4142 
60 KHz MSF Rugby and 75 KHz Neuchatcl Radio 

Rece ivers . S4;nal and Audio outputs. Smell. 
comp act uniL•. Two a vailable versions. Toolex. 
Bristol Road, Sherborne (3211), Dorset. [21 

BUILDING or PURCHASING 
an AUDIO MIXER 

pre·amp, au tofa.de, V.U. or audio monitor, 
V.E . mixer, driver or power supply etc ••• 
First consult: 

PARTRIDGE ELECTRONICS 
Ref. W.W. 

l l -25 Hart Road, Benfleet, Essex 
Established 23 yeus [<43 

pouGLAS For Transformers 
* Comprehensive stock range * Rapid prototype service 
* Quantity production orders. 

Douglas Electronic Industries Ltd., 
Eastfield Road, Louth, Lincolnshire LNll 7 AL. 
Tel: Louth (05-07) 3643 Telex: 56260 4007 

Wireless World, December 1974 

ARTICLES WANTED 

CASH pa id for new va lves, transistors, C.R.T. 
test equipment, tape recorders, amplifiers, 

Hi-Fi equipment, T .V. sets, large or small 
Quantities. Stan Willetts, West Bromwich. Tel: 
021-553 0186. [4216 

GRAMPIAN or B.B.C. type C utterbea<ls complete 
or in parts. Any condition accceptable. Box No ww 4029. 

QUANTITY of NKT 301 or NKT 302 Transistors 
required, sineles or hundreds. D etails pleou• to 

WASCO ELECTRONICS, Queen Street, Lancaster, 
Lanes. (42)4 

RADIO TELEPHONES required, TIT . type MS 
(UHF). Price and quantity available to: WASCO 

ELECTRONICS, Queen Street, Lancaster. L anes. 
[4235 

W ANTED, aU types of communications receavers 
and test equipment.- Details to R . T. & I. 

Blectronies, Ltd., Ashville Old Hall, Ashville Rd .. 
London, E.ll. Ley. 4986. (63 

TOP PRICES PAID 
for semiconductor and com­
ponent redundant or excess 

inventories 

P.R.S. ELECTRONICS 
126 Headstone Road 

Harrow, Middlesex 
Tel: 01-965 6864 

[3<4 

ELECTRO-TECH 
COMPONENTS LTD. 
Are buyers of all types of electronic 
components and equipment. They will 
be pleased to view clearance stocks 
anywhere in Great Britain at one or 
two days not ice 

and negotiate on the spot I 

ELECTRO-TECH 
COMPON ENTS LTD. 

315/317 Edgware Road, London, W.2 
Tel : 01-723 5667. 01-402 5580 

(3 7 

BOOKS 
"T'V and Electronic Pu blications, T V repair 
.I. manu• ls, £3.35. as used by the experts. Stamps 
for brochure due on cnts G range Farm. Wyaston. 
Ash bourne, Derby. 1423 7 

,~~ tit/~$ 
Radto Book Catalogue 
.#Y?~.f ~~~"""" 

CAPACITY AVAILABLE 

AIRTRONlCS LTD., for Coil Winding-large or 
sma)J production runs. Also PC Boards Assem­

plies. Suppliers to P.O ., M.O.D., etc. Export 
enquiries welcomed. 3a Walera nd Road, London , 
SE13 7PE. Tel. 01-8.52 1706 . [61 
D ATCH Production Wiring an d Assembly to 
.D sample or drawings. Deane Electricads. l 9B 
Station Parade, EaJing Common, London, W.5 . Tel: 
01-992 8976. (20 

CAPACITY available to the Electronic Industry. 
Precision turned parts, engravin,g, m illing and 

grinding both in metals and plastics. Li mited capa­
city available on Mathey SP33 JIG BORER. Write 
for lists or full plant capacity to C.B. Industrial 
Engineering Ltd., 1 Mackintosh Lane, E9 6AB. 
Tel. 01-985 10S1. [14 
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MARTIN ASSOCIATES 

ELECTRONIC 
TEST EQUIPMENT 

ANftLTSERS General Radio 1556 B Impact Noisw Anaryser. 5H?-20«H? Solid state. £85.00. Marconi TF233I] Wave finalyser BfO 20Hi-50kHi CVr handbook Almost new condition. £495.00. 
BfiiDGfS Gambell 2091M NEW. i Decade DC Resistance BridQe. Balance indication by 5-0-5 uA Meter. Total reststance 11.110 ohms £35.00. Gambsll 2086 NEW. Switch bridges. 4 decade. Accuracy ratio coils 0.02*,. £30.00. Gambell 2082 NEW 4 decade resistance boxes DC 10kHz. 0.1 *t. 1-11.110 ohms. £25.00. These units are ideal for schools and colleges 

DIGITAL VOLTMErERS Solartron IM)420.2 4 Oigil 2 uV-lOOOV. 6 tanqes Accuracy -O.Ub'A. Auto polarity. OVv handbook and VP leads. £250.00. 
IM1420.2BM As above plus Mean Sensing Unit 1 OHt-lOOkHc, 200m'^-50CV 5 ranges accuracy O.l?!. Cw handbook and 1/P leads. £275.00. LM1440,3 5 Digit 0-2000V. 5 ranges. Accoracv 0.003% CV/ handbook and 1/P leads. £295.00. 
METERS Hew-ett Packard 430C Power Meier. 10 u W-lOmW, CVw477B ThetrmstO' lOmHz-lOgHr. £125.00. 412A DC Voll-Ohmeter. £120.00. 411A «F Millivollrneler. £120.00. Booton 91D RF Value Voltmeter. £85.00. Airroec 284 Phase Meter 50kHz-100mHr. tw leads and 4 prcbis. £75.00. Marconi TF1300OC'ACbhmsValueVallmater. 2OH7-3OOmHiCwptob0s. £30.00. 
OSCIUGSCOPES Tektronix 545B DC 33mHf Dual Beam Delay sweep main hame only £250.00, with CA plug-in Cw handbook f3t.OO. 547 DC-50mH/ Dual Baam Automatic display switching. Main iramc only £425.00. with 1A1 plug in. C/w Handbook. £600.00 Si. Labs EM102 DC 30mHc Dual Beam TrigMr Delay plus E530 plug-in. Almost new condition. Civ. hanflboak, f21D.OO. Solartron CD! 842 OC-!5mHz Dual Beam Portable dv handbook. Above averaga condition. £115.00. 
SIGNAL SOURCES Advance J 1 Af GanetaiDi 15Hz-5DkHt, O.P 25V. Imp 800 ohms Cto handbook. £25.00. Airmec 201A 30kHz-30mHr. Built-in Crystal Calibrator, u'w handbook Almost new condition. £135.00. E.H. Labs 1321 Pulse Generator Var Pulse Width lOOnS-lOOmS 0,P 0~50V. C'w hand- book. £50.00. Marconi 8010/8S Signal Generaror lOmHz ifibmHz CP 0.1 uV to IV End. Source Imp: 50 ohms. £400.00. Philips PM5162 Sweep Generator (! !H? to 100kHz Sine Inangular Sq. Wave O/P 0-3V. £150.00. Tnis is a selection ol our INSTRUMENTATION Send or telephone let a tree iist Each instrument is sold to makers spec-ticaiion and carries a 3 MONTHS WRITTEN GUARANTEE. 

MARTIN ASSOCIATES, GREENSWARD LANE, 
ARBORFIELD, NR. READING, BERKS. 

TEL: ARBORFIELD CROSS (0734) 760610, |4240 

CRYSTALS 
Fast delivery of prototype and production 
miiitary quality crystals. Competitive prices 
all frequencies: LF crystals a speciality. 
Details from 

INTERFACE INTERNATIONAL 
29 Market Street. Crewkerne. Somerset 
Tel: (046031) 2578. Telex: 46283. 
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NEW COMPONENTS Post Free, 8% VAT inciuded. 
2N 3702, 2N 3704, 9p. Guest UPM 050 *W 

Carbon Film resistors Ip each. Siemens B32540 250V 
Polycarbonate O.Ol, 0.015, 0.022, 0.033, 0.047, 4p; 
0.068, 0.1 UF, 5p. Triac TAG 250 400V/8A, 75p. 
D32 diac 25p. GREENBANK ELECTRONICS (Dept. 
323), 94 New Chester Road. WirraJ, Mcrseyside. 
L62 SAG. [4268 
NEW unused digital multimeter mains or battery 

all normal A/C D/C ranges. Four digits 0.1% 
accuracy over 25 ranges. Cost £98 accept £72. 
Phone after 7.00 p.m. 01-560 1084. [4184 
CUPBRB Instrument Cases by Bazelli, manufac- 
^ tured from heavy duty P.V.C. faced steel, hun- 
dreds of Radio, Electronic, and Hi-Fi enthusiasts 
are choosing the case they require from our range 
of over 200 models, generous trade discount, prompt 
despatch, free literature, Bazelli Dept 22, St. 
Wilfreds, Foundry Lane. Halton, Lancaster TA2 
6LT. 14223 

Cfctssiftcds continued from page 107 
Articles for Sale continued 
DATAPOINT V.D.LL, (Keyboard -j- C.R-T.). Logic 

fault only, £200. E.M.I. "Starlight"* Thtensifier 
vidicon W/scan coils £100 (or offer). Mini-Computer 
boards (complete) £200. Brighton (0273) 554992 ev^.<. 
LADDERS 8ft loin closed—21ft extended, £23.54, 

delivered. Home Sales Ladder Centre (WW2). 
Haldane (North) Halesfield (1) TeJford, Shropshire. 
Tel: 0952-586644. [32 
LEON Television sound tuners. Completes your 

Hi-Fi system channels 21-68UHF self contained 
unit. Output Audio 200HV 36-50 inc. VAT. Leon 
Electronics 14, Aintrcc Road, Crawley, Sussex, 
Crawley 20536. 14263 

CARBON FILM RESISTORS—E12 SERIES High Slab. JW OR JW 5%. Ip. 75p/100. £5 50/1000 (22fMMn). 
RESISTOR KITS 22S2-1Mn E12 SERIES 10E12 KIT 10 of each value (Totai of 570) }W. £3 65: iw. £3 15; .25E12 KIT 25 of each value (Total of 1425) 

VW £8-35; jW £» 45. 
METAL FILM KITS ALSO AVAILABLE. 
CATALOGUE No. 3 (Approx. 2000 Part*) 20p. 
C.W.O. P. & P. top on orders under £5. Overseas at cost. 

B.H. COMPONENT FACTORS LTD Dept. WW. 61 Cheddlnglon Road. PITSTONE. Nr. Leiohton Buzzard, Beds. LU7 8AO. ington (0296) 668446 (32 

^TELSON-JONES tuner built from Integrex Kit. 
' ^ Push button varicap tuning, Portus and Haywood 
decoder. Performs to specification. I. G. Bowman. 
35 Park Hrll Road, Torquay. vS. Devon. [4248 
XEKTRONIX 545A Scope D.C. to 30MHz. Type 
-1- CA plug-in, dual-beam (105V to 20v/div). Very 

good condition, recently factory serviced. Manuals 
for both. X10 voltage probe. Offers please. Box No. 
WW 4252. 

EXPRESS 
Prototype Printed Circuits 

Fastest in London Area 
Also medium production runs, call-offs, etc. 

Electronic & Mechanical 
Sub-Assembly Co. Ltd. 

Highfield House, West Kingsdown, 
Nr. Sevenoaks, Kent. 

Tel: West Kingsdown 2344 (40 

UNBEATABLE Prices BT106 Branded Product 
£0.85 exclusive of VAT. CWO plus p.p. lOp. 

Pace Electronics Limited. 138 Glebe Road, Deans- 
hanger, Milton Keynes MK19 6NB. [4208 
VACUUM is our speciality. New and second-hand 

rotary pumps, diffusion outfits, accessories, 
coaters, etc. Sihconc rubber or varnish outgassing 
equipment from £40. V. N. Barrett (Sales) Ltd., 
1 Mayo Road. Croydon. 01-684 9917. [24 

ENAMELLED COPPER WIRE 
S.W.G. 10 to 14 15 to 19 20 to 24 25 to 29 30 to 34 35 to 40 

lib reel £1.90 £2.00 £2.05 £2.10 £2.20 £2.35 

alb reel £1.05 £1.10 £1.15 £1.20 £1.28 " 35 All the above prices are inclusive In ILK. 
COPPER SUPPLIES 

102 Parswood Rd„ Wlthinaton, Manchester 20 Telephone 061-224 3553 185 

•) f V BATTERY CHARGERS. Basic 6 amp 
Charger £36. Automatic Trickle Charge. £48. 

12 amp Charger for charging two battery banks 
simultaneously with independent automatic trickle 
charge, £62. Prices+VAT + Del. Send for leaflet or 
send cheque or PO to Lark Electronics Ltd., 33 
Western Road, Lyminglon, Hants. Tel. Lym 3822 
or 5806. [4142 

KHz MSF Rugby and 75 KHz Neuchalel Radio 
Receivers. Signal and Audio outputs. Small, 

compact units. Two available versions, Toolcx. 
Bristol Road, Sherborne (3211), Dorset. [21 

BUILDING or PURCHASING 
an AUDIO MIXER 

pre-amp, auCofa.de, V.U. or audio monitor, 
V.E. mixer, driver or power supply etc . . . 
First consult: 

PARTRIDGE ELECTRONICS 
Ref. W-W. 

21-25 Hart Road, Benfleet, Essex 
Established 23 years [43 

DOUGLAS For Transformers 

★ Comprehensive stock range 

★ Rapid prototype service 

* Quantity production orders. 

Douglas Electronic Industries Ltd., 
Eastfield Road, Louth, Lincolnshire LNI1 7AL. 
Tel: Louth (05-07) 3643 Telex: 56260 4oo: 

ARTICLES WANTED 
/^ASH paid for new valves, transistors, C.R.T. 
^-/ test equipment, tape recorders, amplifiers, 
Hi-Fi equipment, T.V. sets, large or small 
quantities. Stan Willelts, West Bromwich. Tel: 
021-553 0186. [4216 
/"JRAMPIAN or B.B.C. type Cutterheads complete 

or in parts. Any condition accceptable. Box No 
WW 4029. 
QUANTITY of NKT 301 or NKT 302 Transistors 

required, singles or hundreds. Details pleas© to 
WASCO ELECTRONICS, Queen Street, Lancaster. 
Lanes. [4234 
RADIO TELEPHONES required, ITT type M5 

(UHF). Price and quantity available to: WASCO 
ELECTRONICS, Queen Street. Lancaster. Lanes. 

[4235 
ANTED, all types of communications receivers 

* » and test equipment.—Details to R. T. 8c 1. 
Electronics, Ltd.. Ashville Old Hall. Ashville Rd.. 
London. E.ll. Ley. 4986. [63 

TOP PRICES PAID 

for semiconductor and com- 
ponent redundant or excess 

inventories 

P.R.S. ELECTRONICS 
126 Headstone Road 

Harrow, Middlesex 
Tel: 01-965 6864 

[34 

ELECTRO-TECH 
COMPONENTS LTD. 
Are bu/ers of ail types of electronic 
components and equipment. They will 
be pleased to view clearance stocks 
anywhere in Great Britain at one or 
two days notice 

and negotiate on the spot! 

ELECTRO-TECH 
COMPONENTS LTD. 

315/317 Edgware Road, London, W.2 
Tel : 01-723 5667. 01-402 5580 

[37 

BOOKS 
TTV and Electronic Publications, TV repair 
j- manuals. £3,35. as used by the experts. Stamps 
for brochure due on ents Grange Farm. Wyaston. 
Ashbourne, Derby. [4237 

t I ' f S- J 
Radio Book Catalogue 

s y t i \ \ 
Mofaiia Radiotelephone Equipmant Hani)hook. Gives circuits, data and illustrations plus some valuable modifications for amateur use hi' com- mercial radioteiephom equipment including PYE and other popular makes Available nvd-Novcmber C4.75. p.p. 35p. How to Make 2M and 4M Convertore for Amateur Use. Fully ctimotenen- sive Contains otcuiis, lav-outs, components lists, diagrams and lull instrticJionai notes. 60o, p.p. I5p. How to Make Walkie-Taikies lor Uccnsed Operation. 40p. p.p. 1 bp. The Theoiv of Guided Electromagnetic Waves. The mcst comprehensive book yet written about waveguides, transmission lines, cavity resonators Over 500 pages. Ideal (c anyone interested in RADAR and UHF. PirhUshed at CI 1.80. Special offer £4.50, p.p. 50p. Radio Booh Catalogue. Send for this fulfy comprtSenjiv* catalogue o' radio books. Free. The Bargain Book Gazette. Contains thousands of intiteslmg new and out of print books at bargain prices Sub-ects include a>l types of hobbies, cctlecling, 1001 iniercsts. Published regularly and sent free on request 

GERALD MYERS {Publisher & Bookseller), 138 Cafdigan Rd., Headingly, Leeds 6. (Callers welcome.) 

CAPACITY AVAILABLE 
AIRTRONICS LTD., for Coil Winding—large or 

small produclion runs. Also PC Boards Assem- 
plies. Suppliers to P.O., M.O.D.. etc. Export 
enquiries welcomed. 3a Walerand Road, London, 
SE13 7PE. Tel. 01-852 1706. [61 
BATCH Production Wiring and Assembly to 

sample or drawings. Deane Electricals, 19B 
Station Parade. Baling Common. London, W.5. Tel: 
01-992 8976. [20 
I^APACITY available to the Electronic Industry, 

Precision turned parts, engraving, milling and 
grinding both in metals and plastics. Limited capa- 
city available on Mathey SP33 JIG BORER. Write 
for lists of full plant capacity to C.B. Industrial 
Engineering Ltd., 1 Mackintosh Lane, E9 6AB. 
Tel. 01-985 7057. [14 
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We've got prices 
to put power in your prof'ds 

TOSHIBA VALVES Goods Goods Goods Goods Goods 

Type 
DY87 
OY802 
ECC82 
EFSO 
EFI83 
EFI84 
EH90 
PC900 
PCC89 
PCCI89 
PCF80 
PCF86 
PCFSOI 
PCF802 
PCL82 
PCL8-4 
PCL85 
PCL86 
PFL200 
Pl36 
PLS-4 
PLS0-4 

Goods 
Price (p) 

30.0 
30.0 
28.0 
29.5 
3-4.5 
H.5 
31.5 
24.5 
40.0 
-41.0 
31.5 
39.0 
42.0 
-40.0 
39.0 
H.O 
39.5 
-41.0 
55.5 
55.5 
25.0 
60.5 

Type Price 
Pl508 67.0 
PY88 35.5 
PYSOOA 85.0 
PY800 29.0 
SEMI-COHDUCTORS 
ACI27 17p 
ACI28 ISp 
ACI-41K lOp 
ACI-42K lOp 
ACI51 20p 
ACIS4 18p 
ACI55 18p 
ACIS6 20p 
ACI76 22p 
ACI87 19p 
ACI87K lOp 
AC188 lOp 
ACI88K lOp 
AOI-42 -45p. 
AOI49 -40p 
A0161 38p 
ADI62 38p 

' AFII<4 Hp 

Type 
AFIIS 
AFII6 
AFI'I7 
AFII8 
AFI39 
AFI78 
AFISO 
AFI81 
AF239 
BAI<45 
BCI07 
8CI08 
BCI09 
BCII3 
BCII6 
8CII7 
BCI25 
BCI32 
8CI35 
8CI37 
BCI38 
BCI<42 
BCI<43 

Price Type Price Type Price Type Price 
23p BCI<47A 08p 8FI73 25p 8UI08 £2.10 
23p BCI<48 08p BFI78 35p 8YI26 l ip 
23p 8CI-49 12p BFI79 -40p 8YI27 12p 
SOp 8CIS3 20p BFISO 35p E.l222 30p 
<42p 8CIS4 22p 8FI81 35p IN60 OSp 
45p 8CIS7 12p 8FIB-4 21p MJE3-40 <45p 
-4Sp 8CIS8 lOp 8FI85 21p OA202 7.Sp 
45p BCI59 l<4p 8FI9<4 ISp OC71 ISp 
-i5p 8CI73 IBp BFI95 ISp OC72 ISp 
l-ip 8CI78B 20p BFI96 20p 8UI05/02 £2 . ..0 
l ip 8CI82l llp 8FI97 17p 2SCII728 £2 . ..0 
lip 8CI83L 12p 8FI98 23p R20088 £2.00 
12p 8CI87 28p 8F200 2Sp R20108 £2.00 
2Sp 8C21-4l 15p 8F218 30p INTEGRATED 
2Sp 8012<4 70p 8F2H 3Sp CIRCUITS 
20p 80 131 <4Sp 8F258 ..Op T AASSO 49p 
25p 80132 45p 8F336 28p T8AI20AS £1.00 
25p 80235 -49p 8F337 35p T8AI20SQ £1.00 
20p 80237 52p 8FX86 28p T8AS..OQ £1.75 
25p 8DX32 £2.-40 8FYSO 22p T8A560CQ £2 • ..0 
-40p 8F liS 20p 8FY52 20p T8A920Q £2.90 
26p 8FI60 20p 85Y52 35p T8A990Q £2.90 
30p 8FI67 20p 8TI06 £1.-40 SN76013ND £1.50 

EHT RECTI PIER TRAY ASSIMaUD COLOUR TUaD 
GoodaPrlce 'I'1Pe 

£4.50 1ilAM~G8 
£4.60 TCO Pye/Eiceo 
£1.85 11 TAO ITTII<B 
£2.00 3 TCU BRC 3000 
£1.86 11 TAZGEC2010 

'WM8/181X 
20"510DJB22 
22" A56/120X 

Gooda Prlc;e 
48.00 
48.75 
53.2:> 

£1.70 11 MONTHS GUAilANTI!I! 

The Theory and Practice 
of PAL Colour Television 

in three important 
Sound Colour Films 

Part 1 . The Colour Signal 
Running time 30 mins. 

Part 2. The Receiver Decoder 
Running time 25 mins. 

Part 3. Receiver Installation 
Running t ime 25 mins. 

For purchase or hire in 16mm. and Philips VCR. 

Send SAE
1
for precis details. 

ZAAR COLOUR VIDEO LTD. 
339 CLIFTON DRIVE SOUTH. 

ST. ANNES-ON-SEA. LANCS FY8 1 LP 
TELE. (0253) 721053 

Film-to-Video tape transfers specialists 
4228 

ECONOMIZE ON SEMICONDUC.TORS 
AJ/pricesincluds VAT 

* Speciallow prices on 741 C * Plastic 3 terminal Regulators 

* Economical Digital Clock IC * Low-price OIL Sockets 

1+ 10+ 25+ 
p p p TIL Mixed Prices 

709C Op Amp 8 pin OIL 34 32 30 1+ 10+ 
723C Re<J. + data 14 OIL 65 63 59 p p 
14JC Op~mP..,~in OIL 3~ .29 7400 19 18 
'r48C Op Amp pin OIL 39 37 35 7402 19 18 
NE555 Timer + data 8 OIL 76 73 69 7403 19 18 
CA3046 Array 14 pin OIL 76 73 89 7404 20 19 
TOA 1405 Reg. 5V 650mA 100 92 85 7405 20 19 
TDA 1412 Reg. 1 2V 500mA 100 92 85 7410 19 18 
TOA 1415 Reg. 1 5V 450mA 100 92 85 7413 19 18 
BC107, 108, 109 10 9.5 9 7420 19 18 
BC182. 184 11 10.5 10 7430 19 18 
BC212, 214 12 11.5 11 7442 80 76 
H·PRedr LED 18 16 15 7447 120 110 
H·P Red .2" LED 19 18 17 7473 42 40 

7474 40 38 
p p 7476 48 43 

BC109C 11 BZYSBC- 1N914 5 7486 40 38 
BC177 18 3V3- 15V 11 IN4001 5 _7~0 65 &!l.. 
BC178 18 2N3702 12 1N4002 5 7492 65 60 
Bf244 24 2N3704 12 1N4004 7 7493 65 60 
BF2448 27 2N3708 10 IN4148 5 74121 50 48 
BFY51 17 2N3055 48 

AY-5· I 224 Digital Clock IC, 12 or 24 llr operation, 7 segment or BCD ouputs. Drives LfD. 
Minitron. Neon displays. simple interfacing, 16 OIL pack + circuits. IC + data £4.65. H-P 
5082·7740 0.3'' digits £2.20. IC + 4 0.3" digits £12.50. IC. 4 0.3" digits. transistors and 
transformer £15.00. 

TCA940 Audio Power Amplifier I OW + data + circuit £2.60 

TAOIOO Radio IC + IF filter + circuit £1.60 

Oil Sockm 8 pin 11p: 14 pin 12p; 16 pin 13p 

Carbon film High S1ability iW 5% Resistors. 10ohm-2M21pea.10 9p,100 80psamevalue. 

By return service. Prices include VAT. P & P 8p (UK). overseasatcost.AIIitemsnew.Tt,Motorola. 
Mull a rd. SGS. etc. SAE lists. enquiries. Colleges. etc .. supplied. 

SILICON SEMICONDUCTOR SERVICES 
41 Dunstable Road, Caddington, Luton, Beds LU1 4AL 
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We've got prices 

to put power in your profits 

Type 
DY87 
DY80i 
ECC82 
EF80 
EFISS 
EFI84 
EH90 
PC900 
PCC89 
PCCI89 
PCF80 
PCF86 
PCF80I 
PCF802 
PC 182 
PCL84 
PCL85 
PCL86 
PFL200 
PL36 
PL84 
PL504 

, VALVES Goods Goods 
Goods Type Price Type Price 

Price (p) PL508 67.0 API 15 23 p 
30.0 PY88 35.5 AFI16 23p 
30.0 PY500A 85.0 AFI 17 23 p 
28.0 PYSOO 29.0 AFI 18 50p 
29.5 SEMI-CONDUCTORS AFI 39 42p 
34.5 AC 127 I7p AFI 78 45p 
34.5 AC 128 ISp AFI 80 45p 
31.5 ACI4IK 30p AFIBI 45 p 
24.5 ACI42K 30p AF239 45 p 
40.0 AC 151 20p BAMS I4p 

i 41.0 AC 154 ISp BCI07 lip 
31.5 AC 155 ISp BCI08 Hp 
39.0 AC 156 20 p BCI09 I2p 
42.0 AC 176 22p BCII3 25 p 
40.0 AC 187 I9p BCI16 25 p 
39.0 ACI87K 30p BCI17 20 p 
34.0 AC 188 20p BCI 25 25p 
39.5 ACI88K 30p BCI 32 25p 
41.0 AD 142 45 p. BCI35 20p 
55.5 AD 149 40p BCI 37 25 p 
55.5 ADI6I 38p BCI38 40p 
25.0 AD 162 38p BCI 42 26p 
60.5 API 14 24p BCI 43 30p 

Type 
BCI47A 
BC148 
BCI49 
BCIS3 
BCI54 
BCIS7 
BCI58 
8CI59 
BCI73 
BCI78B 
BCI82L 
BCI83L 
BCI87 
BC2I4L 
BD124 
BDI3I 
BDI32 
BD235 
BD237 
BDX32 
BFII5 
BFI60 
BF167 

Goods 
Price 

08p 
08p 
I2p 
20 p 
22p 
I2p 
I Op 
I4p 
I8p 
20p 
I2p 
I2p 
28p 
15p 
70p 
45 p 
45p 
49p 
52 p 

£2.40 
20 p 
20p 
20p 

Type 
BFI73 
BFI78 
BFI79 
BFI80 
BFI8I 
BFI84 
BFI85 
BFI94 
BFI95 
BFI96 
BFI97 
8FI9B 
BF200 
BF2I8 
BF224 
BF258 
BF336 
BF337 
BFX86 
BFY50 
BFY52 
BSY52 
BTI06 

Goods 
Price 

25p 
35p 
40p 
35p 
3Sp 
2' P 2lp 
I5p 
ISp 
20p 
I7p 
23p 
25 p 
30p 
35p 
40p 
28 p 
35p 
28p 
22p 
20 p 
35p 

£1.40 

Type 
BUI 08 
BY 126 
BY 127 
E. 1222 
1N60 
MJE340 
OA202 
OC7I 
OC72 
BU105/02 
2SCI172B 
R2008B 
R20I0B 
INTEGRATED 
CIRCUITS 
TAA550 
TBAI20AS 
TBAI20SQ 
TBA540Q 
TBAS60CQ 
TBA920O 
T8A990Q   
SN760I3ND £1.50 

Goods 
Price 
£2.10 

Hp 
I2p 
30p 
05 p 
45p 

7.5p 
ISp 
ISp 

£2.40 
£2.40 
£2,00 
£2.00 

49p 
£1.00 
£1.00 
£1.75 
£2.40 
£2.90 
£2.90 

rffToecca Col. 
ITN GEC/Sobell 
2TQ 1400 -F 950 MK I 
2TAK 1500 5 Stick 
2 DAF 1500 3 Slick 
2HD 950 3 Sliek 

EHT RECTIFIER TRAY ASSEMBLIES 
Goods Prtce 

£4.50 
£4.50 
£1.85 
£2.00 
£1.85 £1.70 

TVpe 
11TAM Philips Gfl 
ICQ Pye/Ekco 
11 TAQ ITT/KB 
3 TCU BBC 3000 
11 TAZ QEC2010 

Goods Price 
£4.50 
£3.50 
£4.50 
£5.00 
£5.35 

rwtai 
II MONTHS GUARANTEE 

I lo stnlmwnl Oiscajnl o/5y. 7 deys end 2% montfi/y. Wew Price Usl from 1 »t. Mey 1974. 

COLOUR TUBES 
Type 
19" A49/191X 
20"S10DJB22 
22" ASe/120X 

Goods Price 
4800 
49.75 
53215 

FULLT GUARANTEED 

COMBINED PRECISION 
COMPONENTS (PRESTON) LIMITED 
194-200 North Road, Preston PR1 1YP 
Telephone: 55034 Telex: 6771 22 

The Theory and Practice 

of PAL Colour Television 

in three important 

Sound Colour Films 

Part 1. The Colour Signal 
Running time 30 mins. 

Part 2. The Receiver Decoder 

Running time 25 mins. 

Part 3. Receiver Installation 
Running time 25 mins. 

For purchase or hire in 16mm. and Philips VCR. 

Send SAE for precis details. 

ZAAR COLOUR VIDEO LTD. 

339 CLIFTON DRIVE SOUTH. 
ST. ANNES-ON-SEA. LANCS FY8 1 LP 

TELE. (0253) 721053 

Film-to-Video tape transfers specialists 

ECONOMIZE ON SEMICONDUCTORS 
AH prices include VAT 

★ Special low prices on 741C ★ Plastic 3 terminal Regulators 
★ Economical Digital Clock IC ★ Low-price OIL Sockets 

1 + 10 + 25 + 
P P P TTL Mixed Prices 

709C Op Amp 8 pin OIL 34 32 30 1 + 10 + 
723C Reg. + data 14 DIL 65 63 59 P P 
.741C Op Amp 8 pin DIL 31 30, 29 7400 19 18 
748C 0p Amp 8 pin DIL 39 37 35 7402 19 18 
NE555 Timer + data 8 DIL 76 73 69 7403 19 18 
CA3046 Array 14 pin DIL 76 73 69 7404 20 19 
TDAI405 Reg. 5V 660mA 100 92 85 7405 20 19 
TDAI412 Reg. 12V 600mA 100 92 85 7410 19 18 
TDA14I5 Reo. 15V 450mA 100 92 85 7413 19 18 
BC107,108,109 10 9,5 9 7420 19 18 
BCI 82,184 11 10.5 10 7430 19 18 
8C212,214 12 11.5 11 7442 80 76 
H-P Red i" LED IB 16 15 7447 120 110 
H-P Red 0.2" LED 19 18 17 7473 42 40 

7474 40 38 
P P P 7478 46 43 

BC109C 11 BZY88C— 1N9I4 S 7486 40 38 
BC177 18 3V3—15V 11 IN4D01 5 7490 65 SO 
BC178 18 2N3702 12 1N4002 S 7492 85 Gil 
BE244 24 2N3704 12 1N4004 7 7493 65 GO 
BF244B 27 2N3708 10 1N4I48 S 74121 SO 46 
BFY61 17 2N3055 48 

AY-5-1224 Digital Clock IC, 12 ot 24 ht operation, 7 segment or BCD oupuls. Drives LED, 
Minitran, Neon displays, simple interfacing, 16 DIL pack + circuits. IC + data £4.65. H-P 
5082-7740 0.3" digits £2.20. IC + 40.3" digits £12,50. IC, 40.3" digits, transistors and 
transformer £15.00. 

TCA940 Audio Power Amplifier 10W + data + circuit £2.BD 
TAD1D0 Radio IC + IF filler + circuit £1.80 

OIL Sockets 8 pin lip; 14 pin 12p: 16 pin 13p 
Carbon film High Stability iW 5% Resistors, 10obm-2M2 Ipes. 10 Sp, 100 BOpsamevalue. 
By return service. Prices include VAT. P & P Bp (UK), overseasatcost.AHitemsnew.TI.Molorola. 
Mullatd, SOS. etc. SAE lists, enquiries. Colleges, etc., supplied. 

SILICON SEMICONDUCTOR SERVICES 
41 Dunstable Road, Caddington, Luton, Beds LU1 4AL 40 

Classifieds continued on page 113 



aliO 

Quality 
Products 
Made in 
America 

Blonder-Tongue 
Field Strength Meter- FSM2 
Superb quality and performance. 
Complete line of MATV and CATV 
products available. 

Astatic - Choose from over 60 
different microphones for public 
address, studio, commercial sound 
and recording microphones. Quality 
sound reproduction s ince 1930. 
Complete line of Astatic cartridges, 
needles and arms. 

Atlas Loudspeaker - complete line 
of public address speakers and 
microphone stands. 

Trusonic - speaker systems to meet 
every indoor and outdoor 
requirement. 

Irish Tape- premium quality tape 
available in cassette, 8-track, open 
reel and video. 
Gromes Precision - public address 
amplifiers 
Consolidated Wire and Cable 

AVA - coaxial connectors 

Teleco- telephone answering 
instruments 
Perma Power- portable PA 
Systems 

Utah - complete line of hi-fi 
speakers and accessories 
Automatic Garage Doors, TV Tube 
Brighteners, Remote Controls 

Write for illustrated catalog and 
specifil:~ations tor these products. 

Morhan Exporting Corp. 
270-278 Newtown Road 
Plainview, N.Y. 11803 
Cable Address : Morhanex, N.Y. 
Telex: 96-7880 

WW-052 FOR fl.JR1HER DETAILS 

UNITS from 
• l.e.ei.GMHZ 
• FUTDEUVERY 

WRITE FOil 
LEAFlET AT · 1 

McKNIGHT 
CRYSTAl Co. 
HARDLEY INOUSTfllAL 
ESTATE. HYTHE, 

TEL HYTHE 8961 SOUTHAMPTON S04 8lY. 
STD COOE 042 14 

SPECIAL NOTICE 
TO ALL MANUFACI'URERS 

in the 
ELECTRONIC, RADIO, TELEVISION 

and ALLIED TRADES. 
Please note that we will purchase any 
redundant and surplus stocks which you 
may have available after stocktaking, or 
wishing to make space for more important 
items. We are particularly interested in large 
quantitie.s of components, raw materials, etc. 

BROADFIELD & MAYCO 
DISPOSALS LTD. 

Z1 Lodae Lane, N. Findlley, 
London, NIZ &JG. 

Telephone: 
01~5 0749 01~ 2713 01-958 76Z4 

SYNTHESISER SOUNDS SUPREME 
IY DEWTRON-THE UP-FRONT PEOPLE 

YOU can build professional standard synth. equip­
ment from our modules if you c•n read and 
solder! E.a. fitch-to-volta&• enables your creation 
to pi•Y itul from sound of voice, sax, clarinet, 
auiur etc. Send 1 Sp NOW for full cataloaue. I 0 
years experience from-

D.E.W. LTD.1 254 Ringwood Road, Fernaown, Dorset. 

EXPRESS 
PRINTED CIRCUITS - ROLLERTINNING ­
GOLOPLATING - FLEXIBLE FILMS, ETC. 

Electronic & Mechanical 
Sub-A .. embly Co. Ltd 

Highfield Ho u...,, West Kingsdown 
Nr.Sevenoeks,Kent 

Tel : w .. t Kingsdown 2344 

SOWTER TRANSFORMERS 
FOR SOUND RECORDING AND REPRODUCING EQUIPMENT 

We are suppliers to many well .. known companies. 
scudios and bro:adcutin1 authorities and were esU.b· 
lished in 1941. Early deliveries. Competitive prices. 
lar&e or 1mall quantities. let us quote. 

E. A. SOWTER LTD. 
Transformer Monu(octuren ond Designers 

7 Dedham Place, Fore Street, Ipswich IP4 IJP 
Telephone 0473 52794 

COLOUR TV's 
Bush CTV 25 displayed workine £90 plus VAT 
Large discount for 3 up non-workers available. 
REDIFFUSION WIRED MONO TV's. all screen 
sizes. new conditton. 

SUMIKS 
15)2 Penhore Road, Birmingham 30 

Tel! 021-451 2208 

Wireless World, December 1974 

Guide to 
Broadcasting 

Stations 
17th Edition 

A new edition of a title which has 
sold more than 250.000 copies. 
The bulk of the book is devoted to 
lists of stations broadcasting in 
the long. medium. short and v.h.f. 
bands in both frequency and geo­
graphical and alphabetical order. 
The book also contains useful 
information on radio receivers, 
aerials and earth, propagation. 
signal identification and reception 
reports. 

1973 206 pp., illustrated 
0 592 00081 75p 

Illustrations 
in Applied 

Network Theory 
F. E. Rogers 

A hundred numerical and al­
gebraic illustrations designed to 
exemplify practical circuit prob­
lems and introduce, in analysis. 
principles consistent with studies 
of synthesis that may be pursued 
later. 
1973 240 pp., illustrated 

0408 70425Xcased£5.00 
0 408 70426 B-limp £2.50 

Obtainable through any bookseller 
or from 

Newnes-Butterworths 
BOROUGH GREEN, 

SEVEN OAKS, 
KENTTN158PH D.,! 

TEL BOROUGH GREEN 2247 !!Y 

SINTEL 
Dell end circuit$ 
supplied with orders. 
or available aeparatefy 
(4}p 31omp each). 

E~~tor . ~~~~~-r~ . (~~ ~~~~,_,~·~~£~~! ~~ e~rb~S~:3 
;.:~"o"N<~~_.:~·J~:"/~ :::::: f::~ + f:~~J::~~:!~ 
SP352 2 digiuo .55" •• . • . • .. ... . £4.00 + 8'l(, VAT- £4.32 
CT 7001 Cal•~ AJwm Clock IC £9.80 .._ 8~ VAT • C10.58 
Mjnitror~301BF9mm7Mg. dloi>laY £1.20 8'l(,VAT• CI.29 
Solde•cor~ IC oocl<e t pl..s 1,000 fo• £4.00 + 8% VAT £4.32 

Add 1 Op p&p for orderS uMer £2 
SINTEL, Uc ASTON STREET, OX FORO 

THE ONLY 
COMPREHENSIVE 
RANGE OF RECORD 
MAINTENANCE 
EQUIPMENT 
IN THE WORLD ! 
Send P.O. 15p (plus 4p 
postage) for 48 page booklet 
providing all necessary informa­
tion on Record Care. 

~ECIL E. WATTS UMITED 
Darby HouM 

Sunbury-on•Tham.s. M ldd,.;. 

allO 

Quality 

Products 

Made in 

America 

Blonder-Tongue 
Field Strength Meter - FSM2 
Superb quality and performance. 
Complete line of MATV and CATV 
products available. 

Astatic - Choose from over 60 
different microphones for public 
address, studio, commercial sound 
and recording microphones. Qualify 
sound reproduction since 1930. 
Complete line of Astatic cartridges, 
needles and arms. 
Atlas Loudspeaker - complete line 
of public address speakers and 
microphone stands. 

Trusonic - speaker systems to meet 
every indoor and outdoor 
requirement. 

Irish Tape - premium quality tape 
available in cassette, 8-track, open 
reel and video. 
Gromes Precision - public address 
amplifiers 
Consolidated Wire and Cable 
AVA - coaxial connectors 
Teleco - telephone answering 
instruments 
Perma Power - portable PA 
Systems 

Utah - complete line of hi-fi 
speakers and accessories 
Automatic Garage Doors, TV Tube 
Brighteners, Remote Controls 

Write for illustrated catalog and 
specifications for these products. 

Morhan Exporting Corp. 
270-278 Newtown Road 
Plainview, N.Y. 11803 
Cable Address: Morhanex, N.Y. 
Telex: 96-7880 

WW—052 FOR FURTHER DETAILS 

QUARTZ CRYSTAL Z 
UNITS from 
• 1.0-60.0 MHZ 
• FMT DELIVERY ^ 
• HIGH STABILITY C* 
• TO DEF 5271-A f 

WRITE FOR 
LEAFLET AT • 1 
Mcknight 
PRVCTAI Cn 

i 
ont oi Mi. 
HAROLEY INDUSTRIAL T ESTATE. HYTHE, TEL. HYTHE 8961 SOUTHAMPTON S04 6ZY. STD CODE 042 14 

SPECIAL NOTICE 
TO ALL MANUFACTURERS 

in the 
ELECTRONIC, RADIO, TELEVISION 

and ALLIED TRADES. 
Please note that we will purchase any 
redundant and surplus stocks which you 
may have available after stocktaking, or 
wishing to make space for more important 
items. We are particularly interested in large 
quantities of components, raw materials, etc. 

BROADFH-XD & MAYCO 
DISPOSALS LTD. 

21 Lodge Lane, N. Finchley, 
London, N12 8JG- 

Telephone: 
01-445 0749 01-445 2713 01-958 7624 

SYNTHESISER SOUNDS SUPREME ■Y DEWTRON—THE UP-FRONT PEOPLE 
YOU can build professional standard synth. equip- 
ment from our modules if you can read and 
solder! E.g. pitch-co-voltage enables your creation 
to play Itself from sound of voice, sax. clarinet, 
guitar etc. Send ISp NOW for full catalogue. 10 
years experience from— 

D.E.W. LTD.. 
254 Rmgwood Road, Fernaown, Dorset. 

EXPRESS 
PRINTED CIRCUITS- ROLLER TINNING- 
GOLDPLATING - FLEXIBLE FILMS, ETC. 

Electronic 81 Mechanical 
Sub-Assembly Co. Ltd 

Highfield House, West Kingsdown 
Nr. Sevanoaks, Kent 

Tel: West Kingsdown 2344 

S0WTER TRANSFORMERS 
FOR SOUND RECORDING AND REPRODUCING EQUIPMENT 

We are suppliers to many well-known companies, 
studios and broadcasting authorities and were estab- 
lished in 1941. Early deliveries. Competitive prices. 
Large or small quantities. Let us quote. 

E. A. SOWTER LTD. 
Transformer Manufacturers and Designers 7 Dedham Place, Fore Street, Ipswich IP4 UP 

Telephone 0473 52794 

COLOUR TVs 
Bush CTV 25 diipl.yed working £90 plus VAT 
Large di,count for 3 up non-worken available. 
REDIFFUSION WIRED MONO TVi. all jcreen sizes, new condition, 

SUMIKS 
1532 Pershore Road. Rlrmlngham 30 

Tal: 021-451 2208 

ramptun i 

'SERIES 7' — Studio Monitor Version 
One of the world's finest Amplifiers. 

GRAMPIAN REPRODUCERS LIMITED 
Hanworth Trading Eslatc.Feltham, Middlesex. 

Telephone: 01 894 9141. 

Wireless World. December 1974 

Guide to 

Broadcasting 

Stations 

17th Edition 

A new edition of a title which has 
sold more than 250,000 copies. 
The bulk of the book is devoted to 
lists of stations broadcasting in 
the long, medium, short and v.h.f. 
bands in both frequency and geo- 
graphical and alphabetical order. 
The book also contains useful 
information on radio receivers, 
aerials and earth, propagation, 
signal identification and reception 
reports. 
1973 206 pp., illustrated 

0 592 00081 75p 

Illustrations 

in Applied 

Network Theory 

F. E. Rogers 
A hundred numerical and al- 
gebraic illustrations designed to 
exemplify practical circuit prob- 
lems and introduce, in analysis, 
principles consistent with studies 
of synthesis that may be pursued 
later. 
1 973 240 pp., illustrated 

0408 70425 Xcased £5,00 
0 408 70426 8 limp £2.50 

Obtainable throughanybookseller 
or from 

Newnes-Butterworths 

BOROUGH GREEN, 
SEVENOAKS, 

KENTTN15 8PH 
TEL BOROUGH GREEN 2247 

Da 

SIIMTEL 
Data and circuits supplied with orders, or available separately (4^p stamp eachK 

Calculator Keyboard (to ordsr)—Ideal for C500. suitable for CT5001  £4.85 + 8% VAT £5.23 
6 Minitron displays for only  £6.00 8%VAT=€6.48 MK50250N Alarm Clock it £8.90 + 8% VAT=£7.45 SP352 2 digits .55"'  £4.00 + 8% VAT- F4.32 CT 7001 Calendar Alarm Clock IC £9.80 - 8% VAT= £ 10.58 Minitron 3015F 9mm 7 »og. display £1.20 8%VAT=£1.29 Soldercon IC socket pins 1,000 for £4.00 ^ 8% VAT £4.32 

Add lOp p&p for orders under £2 SINTEL. 53c ASTON STREET. OXFORD 

A guide 
to "the 
tetter care 
of IP and 
Stereo 
Records 

THE ONLY 
COMPREHENSIVE 
RANGE OF RECORD 
MAINTENANCE 
EQUIPMENT 
IN THE WORLD! 
Send P.O. 15p (plus 4p 
postage) For 48 page booklet 
providing all necessary informa- 
tion on Record Care. 

CECIL E. WATTS UMITED 
Darby House 

Sunbury-on-Thamos, Middx. 



Wireless World, December 1974 

American 
Made Quality 
Products. 
Prompt 
Delivery­
Excellent 
Pricing 

B&K Television Analyst 
Modei10n ·PAL 
Cuts troubleshooting t ime in half! 
Checks every stage of 
black-and-white and co lor TV 
receivers from antenna input to grid 
of CRT. Drives solid-state sweeps, 
al l UHF channels, 8 VHF channels, 
20 to 45 MHz IF, audio, video, sync 
outputs. 

B&K Solid State Sweep/Marker 
Generator 
Model 415 • PAL 
Four instruments in one - sweep 
generator, marker generator, 
marker adder and bias supply (3) 
plus the demodulator probe. Easy 
to use. Available for CCIR 
frequencies. 

Write for complete catalog 
and pri ces. 

Empire Exporters Inc. 
270-278 Newtown Road 
Plainview, N.Y. 11 803 

Cable Address: Empexinc. N.Y. 
Telex : 96-7880 

WW~I FOR FURTHER DETAILS 

PRECISION 
POLYCARBONATE CAPACITORS 

All Blrh St&bllltr Ezltemely Low Leakare 

440V AO (± 10%) 63V RAnge 
O·lu.F (I*" xi·) 50p ± 1% ± 2% .:1:0% 
0·22111' (l_fxt•l 699 0·47uF 56p 46p 38p 

g:~~ugp m ~:g~ = :: ::: 
O·J.,J' (Ij• x n 76p <·7uP !1·30 11·06 Up 

~:~¥'x~!;1 ~ ~~:~~ ~:~ m: ~:: 
2-0.,F !Z"xn u -3 l6·0uF lll-?5 u-u 11·80 

'rAln"ALtJM B!Ail CAPACl'!OBS-VaJuea: anllable: 
0· 1, 0·2 . 0 ·-&i, 1·0, ~·2. 4·7, 1;·8(..11-' at 15V{26V or 3GV: 
10·0~ at. 16VJ20V or :l5\t~ 22•0J.aF at GV{l OV or 16V; 
33 ·0uF at 6V or lOV; 47•0uF at 3V or 6V; lOO·OIJ.P et 3V. 
ALL at lOp eO<l~. 10 for 86p, GO lor 14. 

TllAii813TOBB I BCI93/l 83L 11~ I BF¥60 20p 
»0107/8/9 9p DC1Sf/l84L 1l!p BF¥61 201> 
BCU4 12p BC212!~1ZL lb B FY62 20p 
BC147/8/9 lOp IJ~47166SA Up AF178 80p 
11016317/8 1l!p BF1114 l2p 0011 lip 
BC1~2J182L llp B.\'!07 13p 2!<806~ 60p 

POPULAR DIODBI IS914 69, 8 for 46p. 18 for 80p 
11\916 8p, 6 for 45p. 14 for 80p; 18!4 5p. 11 for 60p. 
24 ior 11·00: lS' .. U8 6p. e for 27p, 1 2: for 48;p lSlOOI 
51P: 002 69: OOl 81p 004 7p; OOS 7Jp ; 006 8p; 007 81p. 
LOW PIUCE ZEn:& DlODBS-400mW, Tol. ±6% •• 
SmA. Values &\-&.iiA'Ne: SV, 3·6V', 4·iV~ ;5:.1 \", .3·6Y, 6·~V. 
6·8V. 7·~:N. 8•2V, 9·\V, lOV, I IV, 12V, 13V, l3•!V, lCW. 
l GV, 18V, 20V, 22V, ~4V, 27V, 30V. All at '1D e• c:h, 
6 tor 39p, 14 tor 84p. 8J.l'l'iOJA.L OF.E'ER: 100 Z~ntn tor 
16·60. 
R ESISTORS-High ~t.a.blllty, row nohlle carbon fllm tS%, 
l\\r at 40"0, iW •t. 70"0 . .t.a~ &etle~J only- from 2·20 to 
2 •2"MO. A t .L at l p t:Mh.. 8p tor 10 o{ any one- va.luc, 70.P 
for 100 of any ont vtJue:. 8P 8CIAL PAC!(; 10 or ea-ch 
value. 2·20 to 2-~:yn (7$0 reellrtora) U. 
8IL1CO!i PLAS"'''C ltECftl'IEB8-l·6 amp. braod new 
..-Ire ended 1)()27: 100 l'.l,\ ', 7p (4 for Up) 400 P .I.V. 8p 
(4 for 30p); 800 P.T.V.llp (-& loc ~~-

QIDQE ~21 ..,p, 200V 40p; MOV 46p; 
800V l55p. 
81)11Jilii1A'l'UBE VD1'IOAL PllBSETS-0·1 w only: 
ALL •• 3p eO<lh: 600 , 1000, 220n. 4700 , 6800 , 1lr.O 
2·21dl, 4·7kQ, 6·8k0, !OkO. l vkfl, 22kfl, 471dl, IOOkO 
iMQ. 
l!L&ASE ADD 10» POST A ND l'.~CKING Oll .AU , 
ORDE RS B}~LQW £4 • .AT,L EXPOl\T ORDER!! .A t>D 
COST 01' !)SA/4el&l>I.UJ... 

P LI!IASF. ADI> ~·· V • .A.T. TO 0 1\DERS. 
Send S.A.2. tor Urt1 ()f addit.ion.al er-stock it~m•. 

'Wboleat.le J)rfee U.U a.vA.IIable to bon& fid6 companle:•. 

MARCO TRADING (Dept. Oil) 
The Old School. Edstaston. Nr.Wem. Shropshire 

Tel. Whixall (Shropshire) (STD 094872) 464 
fProp<t.: lollnl..,.. Tta<llng Ltd.) 

TRANSFORMER LAMINATIONS enor­
mous range in Aadiometal. Mumetal and 
H.C.A •• also " C" & " E" corea. Case and 
Frame assemblies. 

M ULTICORE CABLE IN STOCK 
CONNECTING WIRES 
Large quantities of miniature potentiometers 
(trim pots) 20 ohm to 25K. Various makes. 
Wholesale and Export only. 

J. Black 
OFFICE: 44 GREEN LANE, HENDON, NW4 2AH 

Tel : 01-203 1855. 01-203 303S 
STORE: LESWIN ROAD, N.16 

Tel : 01-249 2260 

~Crystal ~. 
~~ACCURAT! \~~ 

~t. ~RELJABLf / j 
®~ ' 

W E PURCHASE A LL FORMS 
OF ELECTRONIC EQUI PMENT 

A N D COMPONENTS, ETC. 
SPOT CASH 

CHILTMEAD LTD. 
7, 9, 11 Arthur Road. Beadtnc. 
Berks. Tel: 582 60S 

a Ill 

EXCLUSIVE OFFERS 
NEVER BEFORE OFFERED 

WORLD·WIDE RANGE 
COXPLETE TliA!iSPO.&TABLE H.P. COXli'OIIIOA­
TIONS CEJrf'R£ bOUJCd. In Air Condition~ Tll.AlL~R 
fltted t wo COLLINS J<WT·6 500W S.S.Jl. Tmnomltt• r­
I<cceivers a,nd one COLLINS ReQeiver all fully t llD<:&blc 
2 to SO rutct t.llkltal readout 6)'nt.heal&,.d rrcquenoy 
control, with line amplifier& and 1nput.l, ol)el'&tJng 
poeJUon and remot e oon.ti'(JI facilitiu and • t'W:IIll&Q' 
equipmtnt. Power input. ll~V or 230V A.O. Pull details 
on application. 
PHILCO HC-160 PODI'f-ll'O-POI!f!' S\'IUP llADIO BP 
R.ECE.l'V'DI 2/JO ro/et. Ten folly tuneable. chat'lntlt to 
0·5 ltct wUh IJDtheaJtotra. Stogie and divef'l.lly reccpU011 

~u~~~~s,!!;d~J'«:'!!.~;l:~~~ io t~h channel. 
HIGHEST QUALITY 19' RACK 
MOUNTING CABINETS & RACKS 

CABlllftS 
Our Btig~t 
Ri!f, lnirn:Ad 

Widrh D~th Rsck Panel 
(n f1tt:hu ininchtt liPM• i,.. it11. Pricf 

CD 69 21 13 68 £10·00 
CL 30 eo 36 <2 e12-11o 
CR 69 30 zo £24·00 
D l£ 70 20 26 138 £21·00 
.F.-\ ~ 22 36 J 60 £22·00 

no •ldew 
FB 
PC 
YD 
FP. 
l?U 
PH 
FJ 
F'~ 
} 'L 
FM 
FP 

u 21 22 70 £18·00 
52 ~6 22 ., £17·00 
40 22 2A 12 elf-00 
72 22 21 G8 £18·00 
11 19 18 10 £11·00 
~~ 21 1 7 11 £12·00 
1G 2l 15 12 £12·00 
n N H ~ el~OO 
84 22 11 ao £21·00 
70 7 2 27 120 £20·00 
7G 22 18 70 £18·00 

Alio ConsoJea. twin a n d m ulti•vtAf CAblntu. 
OPB!i llAC'J[8 

()u.,. H f;l.ght l" CAanntl RGt:.k P•nd 
R4 . iKtltl-1 .IHptA S]!J'Ut 8 tut PrlN 
Rt' u a 79 15 eu -oo 
Rc 67 2 s1 u £9·00 

¥uU detaUt ot aU above on requQt.. 

We have a. laqc quantity ot ""blta and plecu .. 
we eann()f. lt~t-plr.a4e send m your rtf.lOircmtnt.a 
we r.o\n pro~bty hel~~ll eoquhiet anawtrtd. 

* 16"" dla. Uctl flbrebo.td 'l'raneit ea.,e.e, 
. t,.pl)«<. 10 for £6·00 * Ru•tl'Ak CMrt Recorders 1 rnl• ('Sew) £30·00 t Marcor\l ).fa t•ln c S peech InVcrten £30·00 

* ~:,.t.~,;:y~~n~:~~'"i.J':d'uaht• = :gg * -400 cha.nMI PulP lb igbt Spectrwn Analytersl>.u.R. 

t :!~rt~4g,;$:o16:)::.ag.!::l!:~ra m.:~ 
t ~g;t'~r~,;:;:J.5~~::E.t~::,.t ~w. 
t ~~~ i:1 ~= i::: ~~:: HU8 * 80 ooluwn Cord B&od Poncl>.. £40·00 * 7.5 f(l()l tt.eUonaJ .elf •upportiug Towtrt £300·00 * Auto £leetrlc C.riUon Chimes 1260·00 * CV-157 .liolfman 1Sll/SSll Con•erte,.. £60·00 * 10 root. TriAiHcu~r Lattice lta.st Section• 

6 Inch old.. el2·00 * Dit-to 10 too~ with 1~ inch oidc,, £29·00 * CaecliA. ..Mtmatm Electric II:r~trometer• £24·00 

We bavc a varied N60rtment of lndu . .o1t rial aod 
profeMional C&tbode Ray Tubta a vailAble. T.l1t on 
reQut:.t.. 

* Ra.allU·JOO Syntheoi .. ,. 

t = :~::~ ~~s':'l"c.ap~on (Sew) 

t !::~~~.;lc::t~.6!.~t~!S * Servomu ~KVA Voltage Regulator• * Double Co-axial BliTI'·era 6 x 6 ~20 v. A.O. * Amt>tx: 8.~.10 Auto Deg,a.uasen1 * Unlaell'etonlO bank. 25 way full wlr>e 

t ~~:e•6~~~~;~; :;g ~{~~J~!i:t%'u 
'l'rtt.n•torme.n * MuJrbeatl D .888 .An.a..lyael1! * La!x>,.wry Rodlo Int<:rlerenee F lltel1 * Ampex Model ~1S Au,dio lh:corden * S-tin. dl&.. llet«~n>h>triea.l :BilOOOt\.8 * Flaun lllc.rowa\·e A-ttenu&tom 4}12 GMO 

R EE 

£95·00 
£20-00 
170·00 
£30·00 

£8·00 
£54·00 

£8·00 
£64·00 

£3·00 
£8·00 

£9·00 
£90·00 

£2·00 
£175·00 

£2·00 
£40·00 

40·~e Urt. ot OTV 1,000 dille:ren.t fttma fn flOCk 
aTallabl~keeJ) oDe by you. 

IN STRU MENTATION T APE 
RECORDER-REPRODUCERS 

A MPEX 
FR-600 and Flt-100 

1' and i-' 14 and 7 
traeu 4 speeds Trans­
iatoriled 

MINCOM 
OliP-100 
t• ! ' t• 7 tracka 6 speeds 

E.M.I. 
TD-1 

t' 4 tracka 7 speeds 
Severa.! other smaller 

decka. 
Full details on request. 

Prices of above are 
from £100 to £400. 

COMPUTER HARDWARE * CARD READll:R 80 col. 600 c.p.m. * Pll.INTER, High speed 1000 lines p.m. * TAPE READER, High speed li/8 track 
800 c. p.m. 

Pr ices o n A pplication 
PLEASE A D D V.A.T. T O ABOV E 

P. HARRIS 
O I GANFOID - DO I SIT 

BHIUEit 
BO'OlllfEllOtl'lll-765051 

Wireless World. December 1974 

American 

Made Quality 

Products. 

Prompt 

Delivery- 

Excellent 

Pricing 

alll 

B&K Television Analyst 
Model 1077 - PAL 
Cuts troubleshooting time in half! 
Checks every stage of 
black-and-white and color TV 
receivers from antenna input to grid 
of CRT. Drives solid-state sweeps, 
all UHF channels, 8 VHF channels, 
20 to 45 MHz IF, audio, video, sync 
outputs. 

B&K Solid State Sweep/Marker 
Generator 
Model 415 - PAL 
Four instruments in one - sweep 
generator, marker generator, 
marker adder and bias supply (3) 
plus the demodulator probe. Easy 
to use. Available for CCIR 
frequencies. 

Write for complete catalog 
and prices. 

Empire Exporters Inc. 
270-278 Newtown Road 
Plainview, N.Y. 11803 

Cable Address: Empexinc. N.Y. 
Telex: 96-7880 

WW—051 FOR FURTHER DETAILS 

PRECISION 
POLYCARBONATE CAPACITORS 

All High BUbih'tr—Brtwmely Low Leakage 
440V AC (±10%) 0-luF (li'Xj") o-a^uP (if* XD fi-20iiF df-xn 0-t7uF(l|-xr O-OuF (Ifxn 0-GSwF (S-XD 1-0uP (2-xn 
2 0uF 12' X 1'J 

63V Range 
50p ±»% ±2% 69p 0-47UF 66p 4ep 
82p l-OjiP 6dp 56p 
71p 2-2uF Mp 85p 
75p 4-7uF <1-30 £106 
80p 6-8uF £1-29 
Sip 10-OuF fci-W) £1 60 

*1-22 150MF £2 75 £2-16 

BC183/183L HP BFY60 BOP 
BC184/184L 12p BFY51 20P 
BC212,,212L 14p EFFoa 20p 
BC547/558A 12p API 78 30p 
BF194 12p OC71 12p 
BF197 13p 2N3055 6 Op 

+ 5% 38p 4«p Mp 6fip 1100 11-40 £1-90 
TAHTALUM BEAR CAPACITORS—Values available; 0-1. 0-2. 0-47. l-U. '2'2, 4-7, fi-SpF at 15V/26V or 35V: 10-OuF at 18V/20V or '25V: 22-0uF at GV/10V or 16V; SS-OllP at 6V or 10V; 47 0mF at 3V or 6V: lOO OpF at 3V. ALL at lOp each, 10 for Bfip, 00 for £4. 
TRABSISTORS BC107/8/9 BC114 12p BC147/8/9 lOp BC153/7/8 iSp BC182/182L lip 
POPULAR DIODES 1N9I4 fip, S for 4fip. 18 for Mp 1N916 8p, fi for 45p. 14 for 90p; 1S44 5p. 11 for Mp, 24 for £100; 1N4148 6p. 6 for e7p, 12 for 40^1 1X1001 58p; 002 6p; 003 6«p 004 7p: 005 78p: 006 Sp; 007 8ip. LOW PRICE ZEBER DIODES—400mW, 'Col. ±5% at 5mA. Values available: 3V, 3-6V, 4-7V, fi lV. 5-6V. 6-2y. 6-8V. 7-5V. S-2V, 91V. 10V. JlV, 12V. 13V, 13-5V, 15V. 16V, 18V. 201', 22V. 24V, 27V. 30V. All at 7d each, 6 for 39p. 14 for 84p. SPECIAL OFFER: 100 Zeucn for £6 60. 
RESISTORS—High stability, low noise carbon film 5%, JW at 40cC, iW at 70eC. EI2 serlea only—from 2-2n to 2-2MD. ALL at Ip each, 8p for 10 of any one value, 70p for 100 of any one value. SPECIAL PACK; 10 of each value 2-2S1 to 2-2M.S2 (730 reslatora) £B. 
SILICON PLASTIC EECTIF1EBS—1 • 5 amp. brand new wire ended D027: 100 1M-V. 7p <4 for Mpl 400 P.l.\. 8p (4 for 30p): 800 P-LV. lip (4 for 42p). 
BRIDOB RECTIFIERS—2i amp, 200V 40p; 350V 45p: 600V 66p. 
SUB MINIATURE VERTICAL PRESETS 01W only: ALL at 3p each: 500, 100Q, 220S2, 47011, 68011, lk£l 
2 -2kn. 4-7kl2, 6-8kll, JOkll. iSkll, 22kn, 47kn. lOOkQ imh. 
PLEASE ADD 10p POST AND PACKING ON ALL ORDERS BELOW £5. ALL EXPORT ORDERS ADD COST OF SEA,'AIRMAIL. 

PLEASE ADD 8% V.A.T. TO ORDERS. Send S.A.E. for lints of additional ex-stock items. Wholesale price lists available to bona fide companies. 
MARCO TRADING (Dept. DM) 
The Old School, Edslaston, Nr. Wem. Shropshire 

Tel. Whixall (Shropshire) (STD 094872)464 
(Proprs.: Minicosl Trading Ltd.) 

TRANSFORMER LAMINATIONS enor- 
mous range in Radiometal, Mumetal and 
H.C.R., also "C" 8t cores. Case and 
Frame assemblies. 
MULTICORE CABLE IN STOCK 
CONNECTING WIRES 
Large quantities of miniature potentiometers 
(trim pots) 20 ohm to 25K. Various makes. 
Wholesale and Export only. 

I. Black 
OFFICE: 44 EHEEN LANE, HEND0N. NW4 2AH 

Ttl: 01-203 1855. 01-203 3031 
STORE: LESWIN ROAD, N.1G 

Tel: 01-249 2250 

# 

ACCURATE 
RELIABLE 

Private enquiries, send Sp in stamps for brochure 

THE QUARTZ CRYSTAL CO. LTD. 
Q.C.C WORKS, WELLINGTON CRESCENT, 
NEW MALDEN. SURREY. 01-942-033'! S 29S8 

WE PURCHASE ALL FORMS 
OF ELECTRONIC EQUIPMENT 

AND COMPONENTS, ETC. 
SPOT CASH 

CHILTMEAIt l in. 
7, 9, 11 Arlhur Road, Beading, 
Berks. Tel; 582 605 

EXCLUSIVE OFFERS 
NEVER BEFORE OFFERED 

WORLD-WIDE RANGE 
COMPLETE TRANSPORTABLE H.F. COMMUNICA- TIONS CENTRE housed In Air Conditioned TRAILER fitted two COLLINS KWT-6 500W S.S.B. Transmitter- Roccivcra and one COLLINS Receiver all fully tuneable 2 to 30 m/c# digital readout ayuthesised frequency control, with line amplifiera and Input*, operating position and remote control facilities and ancillary equipment. Power input 115V or 230V A.O. Full details on application. PHILCO HC-150 POINT-TO-POINT STRIP RADIO HF RECEIVERS 2/30 in/eg. Ten fully tuneable channels to 0-5 kes with aynthcaisera. Single and diversity reception on 18B, DSB. SSB with 4 aub-bands to each channel. Full details and prices on ayplication. 
HIGHEST QUALITY RACK 
MOUNTING CABINETS A RACKS CABINETS 
Our Hetyhl Width Depth Rack Panel 
R*f. ifi incuts in inches in inches npace in ins. Prtce 
CD 69 21 13 68 £1000 
CL 80 60 36 42 £12-50 
CR 69 30 20 — £24 00 
DM 70 20 26 138 £21-00 
FA 85 22 36 160 £22 00 no sides FB 74 21 22 70 £1800 
FC 52 26 22 47 £1700 FD ■10 22 24 72 £1400 
PE 72 22 21 68 £18 00 PG 11 19 18 10 £11 00 FH 16 21 17 21 £1200 
PJ 15 21 16 12 £12-00 PN 70 24 20 68 £1700 PL 84 22 17 80 £21 00 PM 70 72 27 120 £20-00 FF 76 22 18 70 £18 00 Also Consoles, twin and multi-way Cabinets. OPEN RACKS Our Htdghl in Channel Rack Panel Ret. inches Depth Space Base Price RF 85 3 79 15 £1100 

57 2 51 14 £900 Full details of all above on request.  
We have a Large quantity of "blta and pieces" we cannot list—please send uB your requirements we can probably help—all enquiries answered. 

15* dia. Reel flbreboard Transit Cases, atmpped. 10 for £5-00 Rustrak Chart Recorders 1 mi'a (New) £30 00 
Marconi Marine Speech Inverters £30 00 URA 8 Teleprinter Converters £85 00 Portable Mains Battery Flood lights £24'00 400 channel Pulse Height Spectrum Analyaere P.U.R. Airmec 245 L.F.I50 watt Oscillators £30 00 Solartron 5/25000 eye. Oscillators £24 00 Southern lust. 1800 F-M. Meters £24-00 Belling Lee T.V. Relay Equipment P.XT.R. 
Addo 5/8 track Tape Punches £48 00 Tally 5/8 track Tape Readers £48-00 80 column Card Hand Punches £40 00 75 foot sectional self supporting TowetB £300-00 Auto Electric Carillon Chimes £250-60 CV-167 Hoffman 1SB/8SB Converters £60 00 10 foot Triangular Lattice Mast Sections 6 inch sides £12-00 Ditto 16 foot with 15 inch sides £29 00 Casclla Assmann Electric Hygrometers £24-00 

We have a varied assortment of industrial and professional Cathode Ray Tubes available. List on request. 
Racal MA-150 Synthesisers £95-00 Raeal RA-17 Cabinets £20 00 Racal RA-63 8.9.B. Adaptors (New) £70 00 Racal 8A 21 and 8A 62 Counters £30 00 Avo Geiger Counters, new £8 00 Servomex 2KVA Voltage Regulators £54 00 Double Cc-axial Blowers 6 x 6 220 v. A.O. £8 00 Ampex S.E.10 Auto Degaussers £54 00 Uniselectors 10 bank 25 way full wipe £3'00 R.C.A. 5 element 420 roles Yagi Beams £6-00 Haynee 500 watt 230 v./llo v. iBolallon Transformers £9-00 Muirhcad D.886 Analysers £80-00 Laboratory Radio Interference Filters £2 00 Ampex Model 375 Audio Recordcre £175 00 54in. dia. Meteorological Balloons £2 00 Flaxm Microwave Attenuators 4/12 GMC £40 00 
 FREE  

40-page list of over 1,000 diflerent items In stoc available—keep one by you.  
INSTRUMENTATION TAPE 
RECORDER-REPRODUCERS 

AMPEX 
FR-600 and I'll-100 

1' and i* 14 and 7 
tracks 4 speeds Trans- 
istorised 

MINCOM 
OMP-100 1* J* i' 7 tracks 6 speeds 

E.M.I. 
TD-1 1* 4 tracks 7 speeds 
Several other smaller 

decks, 
lull details on request. 
Prices of above are 
from £100 to £400. 

COMPUTER HARDWARE 
•Jr CARP READER 80 col. 600 c.p.m. if HUNTER, High speed 1000 lines p.m. 

if TAPE READER, High speed 5/8 track 
800 c.p.m. 

Prices on Application 
PLEASE ADD V.A.T. TO ABOVE 

P. HARRIS 
ORGANFORD - DORS1T 

BH14 (ER BOnRMEMOOTH-766051  
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Wilmslow 
Audio 

THE firm 
for 

speakers! 
Baker Group 25, 3, 8 or 15 ohm . . , . .. ... £7.75 
Baker Group 35, 3, 8 or 15 ohm .. . . ... ... £8.50 
Baker Deluxe. 8 or 15ohm ... , . .. .... . . £10.75 
Baker Major. 3. 8 or 1'5 ohm .•.•... ..... £8.50 
Baker Regent, 8 or 15 ohm .... , .... , , , , £7.75 
Baker Superb. 8 or 15 ohm , , , .••.• . . , £14.50 
Celestion PSTS (for Unilex) •...•.. . . .... £2.55 
CelestionMH 1000horn.8 or 15ohm •• , .. £10.95 
EMI 13 X 8. 3, 8 or 15 ohm ..... ... . . .. £2.25 
EMI13X8.150d/c3, 8or15ohm . . ... £2.50 
EMI13 X 8,450i/tw3. Sor 15ohm . • .. . .. £3.75 
EMI 13 X 8,350.8or15ohm .. . ... . .. . .. £8.25 
EMI13 X 8, 20wattbass • . • . , • .... . .... £6.60 
EM12t"tweeter8ohm . •. . . . . . .. . • .... £0.66 
EM18 X 5 , 10watt. d/c.roll/s8ohm .. • .. . . £2.50 
Elac59RM 109 15ohm,59RM1148ohm , , £2.80 
Elac6t"d/cone, ro1Vs8ohm .•.. ... • ...•. £3.50 
ElacTW44"tweeter •••..•.•.• . ... . .. . £1 .21 
Fane Pop 15 watt 12" .......... . .... . . £4.80 
Fane Pop 2512 25 watt 12* ••.••. . .• , , , , £6.95 
Fane Pop 40. 10* 40 wan •.•....•• . . ... £8.50 
Fane Pop 50 watt, 12• .•.... . . . . .. . • • £11.00 
Fane Pop 55, 12" 60 watt ........ . . ... £12.50 
Fane Pop 60 watt, 15" ... .... . .. . .... £13.00 
Fane Pop 100 watt. 18" .. ... .. . .. . . . . £22.50 
Fane Crescendo 12A orB. 8or 15 ohm . • . £29.00 
Fane Crescendo 15, 8 or 15 ohm .. • . . . . . £36.00 
Fane Crescendo 18, 8 or 15 ohm ....... £49.95 
Fane 807T 8" d/c. roll/s, 8 or 15 ohm ..... £3.85 
Fane SOH 8" d/c. roll/s, 8 ohm . ... .... . . £7.00 
Goodmans8P8 or 15 ohm .....••..• . •. £5.00 
Goodmans lOP 8 or 15 ohm •••••••.. .. . £5.30 
Goodmans 12P8 or 15 ohm ....•.••. .. £12.95 
Goodmans 12P·D 8 or 15 ohm •• . • • ... . £16.75 
Goodmans 12P-G8or15ohm •• . • ... . . £15.75 
GoodmansAudiom 100 8 or 15ohm .. .. £12.00 
GoodmansAxent 100 8 ohm •• .... .. .... £7.25 
Good mans Axiom 401 8 or 15 ohm ... . . £17.25 
Goodmans Twinaxiom 8" 8 or 15 ohm .... £8.2& 
Goodmans Twinaxiom 1 0" 8 or 15 ohm . , . £9.00 
Kef T27 . . .. . . . .. , , . . .. • . , . ...• .. ... £5.25 
KefT15 .... . .. .. .. ... . . .. ...... .... £6.00 
Kef 8 11 0 . . ... •. . • , . •...•. . •.• ..... . £7.25 
Kef 8200 . .. .••••..••.••..• . .. . . . . .. £8.25 
Kef 8139 ... ............. . ...... . .. £14.7& 
Kef DN8 ....... .. , ................ . . £2.00 
Kef DN12 ... ................. . . ... . £4.95 
KefDN1 3 ... .. . ........ .... .... .. . . £3.30 
RichardAIIanCG8T 8"d/croll/s . . . . . . .. • . £8.35 
STC4001 Gsupertweeter .. . . .. .. . . . ... £6.19 
Wharfedale Super 1 ORS/00 8 ohm . ...•• . £9.80 
Fane 701 twin ribbon horn .. ..• . • ... . .. £23.00 
8akerM ajorModule each . .•.. , .. . . . .. £10.75 
Fane Model One each .... . ....... , . .... £9.90 
Goodmans DIN 20 4 ohm each • •.•.• . ... £9.75 
Helme XLK25 (pair) .. • .•.•. .• . ......• £22.00 
Helme XLK30 (pair) ....• . .. . . .. ••. • , • £14.95 
Helme XLK50 (pair) .. . ..••.•••••• •.. • £39.95 
Kefkit2 each .... .•.. . .••••. . .. •.••• £24.75 
Kefkit 3 each •.•• . •.•••••••• • . ...... £36.75 
Peerless 3- 15 (3 sp, systemleach . .•.•.• £16.00 
Richard Allan Twin kit each • • ......... . . £8.95 
Richard Allan Triple 8 each .. . .... • . ... £13.76 
Richard Allan Triple each . .•.. .•.• , .. .. £19.9& 
Richard Allan Super Triple each ..•. • •... £23. 7& 
Wharfedale Unton Z kit {pair! .. .• ..•.... £19.25 
Wharfedale Glendale 3 kit (pair) • ... . ... . £34.50 
Wharfedale Dovedale 3 kit (pair) . . . . .•. . £52.&0 

PRICES INCLUDE VAT 

Cabinets for PA and Hi Fl. wadding, vynair. etc. 

Send stampforfree booklet "Choosing a Speake(', 

FREE with orders over£7- "HiFiloudspeaker 
enclosures' ' book. 

All units guaranteed new and perfect. 

Prompt despatch. 

Carriage: Speakers 38p each. tweeters and 
crossovers 20p each. kits 75p each (pair 1:1.50!. 

WILMS LOW AUDIO 
DeptWW 

Swan Works, Blink Square, Wllmslow, 
Cheshire SK91 H F Tel. Wilmslow 29599 

(Discount HIFI, PA and Redio at 
10 Swan St, Wllmslow.) 

WW-063 FOR fURTHER DETAILS 

Flatform Relay AZ 535 
1 changeover, 
high dielectric strength 
between coil and contact 
stack for reliable insulation 
between signal 
and heavy duty circuits. 
Contact material: Silver 
cadmium oxide, fine silver. 
Switching 3 A 
capabilily 240 V 50 Hz 

SOOVA 
Operating 
power ca. 360 mW 
Coil voltoge maximum 110 V 
Surface areo 32.5 x 20 mm 
Height 11 mm 

ZETTLER 
Zettler UK Division 

Equitable House, 
Lyon Rd., Harrow, 
Middx.HA12DU 
Tel. (01)8636329 

WW--022 FOR FURTHER DETAILS 

THE TEXAN 

~~£4) 
HI QUALITY AMPLIFIER BY TEXAS 

Booldo1 & Ports Ust 35p Post Incl. 
AVAilABLE IN PACK FORM 
RESISTORS & CAPACITORS ..• . ... . pp 20!> (4. 15 
SWITCHES , , , , , , , , , , , , , , , . • . . . pp20!> (1 .25 
CONTROLS & SEL£CTOR .•. , .• ... • pp 20!> £1 .45 
SEMICONDUCTORS .•.•..• , , ... pp 1 Sp £8.25 
TRANSFORMER , , , , , .• , •• , , , , • pp 30p £11.95 
P.C. BOARD ............ . ...... pp 20p C2.50 
CASE . •.••••••.••.•.••••••• .. pp 38p £3.00 
POST & TAX EXTRA NOW ON DEMONSTRATION 
LINSLEY HOOD 75W AMP 
D.C. COUPLEO LOW OISTORTION 
PACK 1. RES. & CAPS .. . . .... ... Ill> 15p £2.30 

2 . SEM ICONDUCTORS , , . . . . . pp 20p £6.75 
3 . P.C. BOARD & DATA .. .. pp 20!> ( 1.00 

P.S.U. 
5. RES. & CAPS • , • .. . , • , . , pp 20p C2.25 
6. RECTIFIERS •••••••• .... pp 20p 90p 
7. P.C.B. & SUNDRIES • . • .... pp 20!> £3.30 
8 SOWATTTRANSFOAMER . .. pp 35p C5.00 

18. !TOROIDAL TRANSFORMER . pp SSp (8 951 
PRE· AM P 

t I. RES;CAPS • • • . . ....... Ill> 20p £3.00 
12. CONTROLS ••• , •. . . ... .• pp2Sp £1 .00 
13. SWITCHES . .. , OP 20!> £2.00 
14. SEMICOND UCTORS .. .. pp 20p £1.90 
t5. P.C.B. & DATA .. ..... , , . pp 20p CI.OO 

POST & V.A. T. 'NOT INCLUDED 
Article reprint 40p + pos1. 
Also 3vai!able Chusls. Teak Sleeve 
S.A.E fOf further lnf<Xmatlon 

TELERADIO ELECTRONICS 
32S-7, FORE ST •• LONDON N90PE 

01·807 3719 (Closed ThurSdays) 

Wireless World, December 1974 

-------------=====~n~~~~~l~~~ 

At t~ree ~a'~ence a ~int ~ 
you ~otta pic~ a 
~ac~et, OJ' two! 

Around 178o Sarah Oliver 
kept the colourful Bay Horse Inn 
in North Shields- the haunt of 
sailors, labou rers, thieves and 
gentlemen who settled to her 
much-loved brew, said by many 
to 'preserve the wind'. 

Times change, but good things 
don't. 

Now from the same building 
on Horse Ferry Landing, Geordie 
H ome Brews bring you all the 
natural, wholesome ingredients 
you need to brew a strong, 
natural beer like the one Sarah 
Oliver served. And still at a 
ridiculous·I~p per pint! 

~arab 
~liver's 

Home Brew 
BY GEORDIE HOME BREWS 

from your usual Geordie Stockist 
Enquiries to: VIKING BREWS LTD. 
CLIVE STREET NORTH SHIElDS 

WW-004 FOR FUR1HER DETAlLS 
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Wilmslow 

Audio 

THE firm 

for 

speakers! 

Baker Group 25, 3. 8 or 15 ohm  £7.75 
Baker Group 35, 3. 8 or 15 ohm  £8.50 
Baker Deluxe. 8 or 15 ohm  £10.75 
Baker Major. 3. 8 or 1'5 ohm   £8.50 
Baker Regent. 8 or 15 ohm  £7.75 
Baker Superb. 8 or 15 ohm  £14.50 
Celestion PST8 (tor Unilex)  £2.55 
CelestionMH 1000 horn. 8or 1 5 ohm £10 95 
EMI 13 X 8, 3. 8 or 15 ohm  £2.25 
EMI 13 X 8. 150d/c3.8or 15ohm  £2.50 EMI 13 X B.^Ot/twS.SorlBohm ....... £3.75 
EM113 X 8.350,8or15ohm  £8.25 
EMMS X 8.20 watt bass  £6.60 
EM 12J" tweeterS ohm  £0.65 
EMI 8 X 5.1 Owatt.d/c, roll/s8ohm  £2.50 
Elac59RM 109 15ohm.59RM1148ohm , .£2.80 
Elac6Y"d/cone,roll/5 8ohm £3.50 
ElacTW4 4" tweeter  £1.21 
Fane Pop 15 watt 12"  £4.80 
Fane Pop 25/2 25 watt 12"  £6.95 
Fane Pop 40, 10" 40 watt  £8.50 
Fane Pop 50 watt. 12"  £11.00 
Fane Pop 55, 12" 60 watt £12.50 
Fane Pop 60 watt, 15"  £i 3.00 
Fane Pop 100 watt. 18"    £22.50 
Fane Crescendo 12A or B, 8 or 15 ohm . . . £29.00 
Fane Crescendo 15, 8 or 15 ohm  £36.00 Fane Crescendo 18, 8 or 15 ohm  £49.95 
Fane 807T 8" d/c. roll/s, 8 or 15 ohm  £3.85 
Fane 801T 8" d/c. roll/s. 8 ohm  £7.00 
Goodmans 8P 8 or 15 ohm  £5.00 
Goodmans 10P 8 or 15 ohm  £5.30 
Goodmans 12P 8 or 15 ohm  . .£12.95 
Goodmans 12P-D 8 or 15 ohm  £16.75 
Goodmans 12P-G 8 or 15 ohm  £15.75 
Goodmans Audiom 100 8 or 15 ohm .... £12.00 
Goodmans Axent 100 8 ohm  £7.25 
Goodmans Axiom 401 8 or 15 ohm  £17.25 
Goodmans Twinaxiom 8" 8 or 15 ohm .... £8.25 
Goodmans Twinaxiom 10" 8 or 15 ohm . . . £9.00 
Kef T27  £5.25 
Kef T15  £6.00 
Kef B110  £7.25 
Kef B200  E8.25 
Kef B139  £14.75 
Kef DNS  £2.00 
Kef DN12  £4.95 
Kef DN13  £3.30 
Richard Allan CG8T 8"d/c roll/s  £6.35 
STC4001G super tweeter    £6.19 
Wharfedale Super 1ORS/DD 8 ohm  £9.80 
Fane 701 twin ribbon horn  £23.00 
Baker Major Module each  £10.75 
Fane Model One each  £9.90 
Goodmans DIN 20 4 ohm each  £9.75 Helme XLK25 (pair)  £22.00 
Helme XLK30 (pair)  £14.95 
Helme XLK50 (pair)  £39.95 
Kefkit 2 each  £24.75 
Kefkit 3 each  £36.75 
Peerless 3-15 (3 sp. system) each  £15.00 
Richard Allan Twinkit each  £8.95 
Richard Allan Triple 8 each  £13.75 
Richard Allan Triple each  £19.95 
Richard Allan Super Triple each  £23.75 
Wharfedale Linton 2 kit (pair)  £19.25 
Wharfedale Glendale 3 kit (pair)  £34.50 
Wharfedale Dovedaie 3 kit (pair)  £52.50 

PRICES INCLUDE VAT 

Cabinets for PA and HiFi, wadding, vynair, etc. 
Send stamp for free booklet "Choosing a Speaker", 
FREE with orders over £7—" HiFi loudspeaker 

enclosures" book. 
All unrta guaranteed now and perfect. 

Prompt despatch. 
Carriage: Speakers 38p each, tweeters and 
crossovers 20p each, kits 75p each (pair £1,50). 

WILMSLOW AUDIO 
DeptWW 

Swan Works, Bank Square, Wilmslow, 
Cheshire SK91 H F Tel. Wilmslow 29599 

(Discount HiFi, PA and Radio at 
10 Swan St, Wilmslow.) 

Flatform Relay AZ 535 
1 changeover, 
high dielectric strength 
between coil and contact 
stack for reliable insulation 
between signal 
and heavy duty circuits. 
Contact material: Silver 
cadmium oxide, fine silver. 
Switching 3 A 
capability 240 V 50 Hz 

500 VA 
Operating 
power ca. 360 mW 
Coil voltage maximum 110 V 
Surface area 32,5 x 20 mm 
Height 11 mm 

Zettler UK Division 
Equitable House, 
Lyon Rd., Harrow, 
Middx. HA1 2DU 
Tel. (01) 8656329 

WW—022 FOR FURTHER DETAILS 

THE TEXAN 

HI QUALITY AMPLIFIER BY TEXAS 
Booklet S Parts List 35p Post Incl. AVAILABLE IN PACK FORM 

RESISTORS & CAPACITORS  PP 20D E4.15 SWITCHES  pp 2Op £1.25 
CONTROLS & SELECTOR  pp 20p £1.45 
SEMICONDUCTORS  pP 1 5p £8.25 
TRANSFORMER  pp 30p £6.95 P.C. BOARD  pp 20p £2.50 CASE  pp 38p £3.00 POS T & TAX EXTRA NO W ON DEMONSTRA T/ON 
LINSLEY HOOD 75W AMP 
D.C. COUPLED LOW DISTORTION 
PACK 1, RES. & CAPS  pp I5p £2.30 

2. SEMICONDUCTORS PP 20p £6.75 
3. P.C. BOARD & DATA  pp 20o £1.00 

P.S.U. 
5. RES. & CAPS  pp 20p £2.25 
6. RECTIFIERS .   pp 20p 90p 
7. P.C.B. & SUNDRIES    . pp 20p £3.30 8 50 WATT TRANSFORMER . . po 35p £5.00 

18. (TOROIDAL TRANSFORMER . pp 55p £8.951 PRE-AMP 
11. RES/CAPS  pp 20p £3.00 
12. CONTROLS  pp25p Cl .00 
13. SWITCHES  pp 20p £2.00 
14. SEMICONDUCTORS DP 2Op £1.90 
15. P.C.B. & DATA  pp 20p £1.00 POST & /A.T NOT INCLUDED 

Article reprint 40p-i-pcst. 
Also available Chassis. Teak Sleeve 
S.A.E fo'further information 

TELERADIO ELECTRONICS 
325-7, FORE ST.. LONDON N9 0PE 

01-807 3719 (Closed Thursdays) 

45. 

p pita pi a 

it, 

M 
■m 

Around 1780 Sarah Oliver 
kept the colourful Bay Horse Inn 
in North Shields - the haunt of 
sailors, labourers, thieves and 
gentlemen who settled to her 
much-loved brew, said by many 
to 'preserve the wind'. 

Times change, but good things 
don't. 

Now from the same building 
on Horse Ferry Landing, Geordie 
Home Brews bring you all the 
natural, wholesome ingredients 
you need to brew a strong, 
natural beer like the one Sarah 
Oliver served. And still at a 
ridiculous lip per pint! 

T\Sf^nG 
o p\NlS 
m EDfiD.1! 609 SflrSP 
m 

O 

BY GEOROIE HOME BREWS 
from your usual Geordie Stockist 
Enquiries to: VIKING BREWS LTD. 
CLIVE STREET NORTH SHIELDS 

W w—063 FOR FURTHER DETAILS WW—004 FOR FURTHER DETAILS 
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EX-COMPUTER 
STABILISED POWER SUPPLIES 

RECONDITIONED, TESTED AND 
GUARANTEED 

Ripple <tOmV. Over-voitage protection 
t20-130v. so c(s Input. Stepdown transformer 
to suit about £3. 

Post & Packing £1 ·70 
5-6v. BA. £12 5--Gv. 16A. £16 
5-6v. 12A. £" 

PAPST FANS 4i x 4i x 2in. 100 elm. 
240v. 50/ 60 Hz. £3·50 (30p). 

PAPST FANS 6in. dla. x 2-hln. deep 
Type 7576 £5·00 (30p). 
Few only 6 in. PAPST £4 (30p) 

TRANSISTORS p & p tOp 
BC107/8/9 BC147/8/9 BCt57/8/9 all 9p 
BF180 25p BF182/3/ 40p BF184 17p BC16713p 
BFW10 SSp BF336 3Sp 741 8 OIL 34p 
2N37'71 £1-10, 2N3441 SOp, B0131 40p 

ELECTROL VTICS 
30.000JJ25v, 68,000JJ 16v, 15,000).1 30v 65p (20p) 
4000Jl 70v., 3,600~o~ 40v .. 4* X21n. dia. 55p (15p) 
S,OOOil 3Sv., 40p (12p) 

EX-COMPUTER PC PANeLS 2 x 41n. 
25 boards for £1 (30p). 
QH Bulbs, 12v. SSw •............. SOp (7p) 
150 mixed H I-STABS • . • •• •.. ... 60p (1t p) 
250 Mixed Resistors . . . . . . • . . . . . . 60p (13p) 
250 Mixed Capacitors .•. . • . .. . • .. 60p (11 p) 
200 Sf P lanar Diodes • . • . • . . • . . • • SOp (8p) 
Microswltches •• ..... •.•.. . . 8 lor SOp (tOp) 
Min. Glass Neons • . • • . • • . . 8 for SOp (7p) 
2N3055 EQUIV •.•..... .. .... 4 lor £1 (tOp) 

Postage and packing shown In brackets 

Please add 8% VAT to TOTAL 

KEVTRONICS 
Mall Orde r on ly. 

44 EARLS COURT ROAD. LONDON, W.B 
01-478 8499 

Classifteds continued from pngt 109 
Capncity A•ail•ble continued 

COMPONENT ASSE:IIIBLY. Wirin¥ and Test of. 
P.C.B>. Electronic po ncl• • nd Cha'>is . Protu­

typt:'\ dcsis ncd , Balch production undertaken. 
DAVANT ELECTRONI CS. 11 Elksmcrc Road. 
Shrcw•bury, Te l. Shrcw,bury 50550 o r » omere Heath 
(Shrews) 6~2. !4080 

COMPLETE prin ted circuit ducum oma cion includ­
ing nrtwork ll'l :l~tcr~. USI\t:mh·Jy drawinw;!>, mech­

a nica l drawin~s. circuir. diu"rams. etc . . p rct>a rt:d from 
your b:tsic dcsi~-t l1 dctnil.s. Single and doubk sided 
P.C. board<. A<~cmblcd p rototypes supplied . J .T. 
Ek ctmnics. Box No. WW 4244. 

CONSULT US fo r nil 'Electronic and Telecom· 
municntio ns projects. High quality work by 

qualified st all' at very favou rable rates. Quotes free. 
L>. C. E lectro nics. Te l: 0534 3 1814. [4238 

EN G INEER makes anythini u nu•ual. Inve ntors 
models. d isplays. Spec iul tool ~ a nd equipment. 

Seymou r. 30 Devonshire D rive, Stapleford. :-<ou ing· 
ham. 14229 

ELECTRONIC and Electro-Mechanical design and 
developme nt services offering o ne off design or 

development(\ to oroduction . Sin~l\! circuit.: or com· 
plete systems. D .C. A. Electronic.~. 19 Church St reet. 
Wa rwick. Tel. W arwick 44992. [4235 

S!l.tALL 'Batch P roduct ion. wiring assembly. to 
sample or drawin~o:<. $peciali<t in printed ci rcu it 

assemblies. D. & 0. t;lectronics, 42 Bishopsfield. 
tlarlow. F..s.ex. Harlow 33018. ( 17 

COURSES 

R ADIO and Radar M P.T . and C .G .L. I. C ourses. 
W rite: Principal. Nautical College. Flect>'ood. 

FY7 8J7.. (25 

BUSINESS OPPORTUNITIES 

MAKE MONEY fROM YOUR HOBBY 
Sell a range of nationally advertised Hi- Fi 
sptakers f rom home and makt some real 
money hst. The ran11e hu already become well· 
known and very favourable r eviews have b~en 
carried out. You sell on ly a brand.nt:w fully 
guaranteed product with ful l support from 
the manuhctunr. Your mark up is 67 % and 
maximum investment Is £ 140. This is a d irect 
selling opportunity and not part of any 
pyramid sc heme. 
Write for fu ll details to: 

ELBAR INDUSTRIES, 
Dept. 6, 
2 Greystones Close, 
Ktmsing, Sennoaks, Kent 

14214 

SEMICONDUCTOR 
DATA HANDBOOK 
by General Electric 

Price £3.40 
ELEMENTS OF TRANSISTOR PULSE 
CIRCUITS by T. D. Towers. Price £3.70 

UNDERSTANDING IC OPERATIONAL 
AMPLIFIERS by R. Molen. Price 0.10 

RECEIVING P.AL COLOUR TELEVISION 
by A. G. Priestley. Price £5.15 

ELECTRONIC EQUIPMENT RELIABILITY 
by J. C. Clulcy. Price £2.70 

DIGITAL ELECTRONIC CIRCUITS A ND 
SYSTEMS by N. M. Morr~s. Price £2.4S 

OPERATIONAL AMPLIFIERS DESIGN 
AND APPLICATIONS by Tobey. Prico £4.10 

DIGITAL LOGIC BASIC T HEORY AND 
PRACTICE by J. H. Smith. Price £1.65 

GE TRANSISTOR MANUAL. Price £1.30 

TRA N SISTOR FUNDAMENTALS AND 
SERVICING by 8. Larson . Price £8.00 

SERVICING ELECTRONIC ORGANS by 
M. H. Applebaum. Price £1.00 

*ALL PRICES INCLUDE POSTAG E* 

THE MODERN BOOK CO. 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 
19-21 PRAED STREET, 

LONDON, W2 1NP 
Phone 723 4185 

CloseJ Sat. I p.m. 

NEW GRAM A.ND SOUND 
EQUIPMENT 

GLASGOW HI FI, Recorder<. Video. Co mrn unica· 
tions Reciever alway• available we bU)' sell :ond 

exchange fo r photographic equipment. Victo r Morri• 
Audio Visual L td . . 340 Argyle S~rcct, Olns~ow, G .2: 
31 Sauchiehall SLrcct , Glasgow, 0 .1: 8/10 G lassford 
Street : Glasgow, G.2. T el: 041·221 8958. ( J J 

Hair 
Transplant 

For free brochure, clip 
this ad. and send to: 

Room 6 
HA1R TRANSPLANT 

INTERNATIONAL 
502 Eccleshall Road, Sheffield 

1422-4 

RECEIVERS AND AMPLIFIERS­
SURPLUS AND SECONDHAND 

EDDYSTONE ECIO :vtKII T ran•i<to ri<cd battery 
operatt!d, mim condition. cost n.;w £86 b:.u~ain al 

(55. Phone Newma rket 3871 cvcni n~;.'. 14256 

HRO Rx5s, etc., AR88, CRIOO, 8RT400. 0209, 
S640, etc., etc .. in stock .-R. T. & I. Electronics . 

Ltd. , Ashville Old Hall, Ashville Rd ., Lo ndon , B. ll. 
ley. 4986. !6S 

SIGNAL generators , oscilloscopes . output meters, 
wave voltmeters , frequency meters , muttl~ranae 

meters, etc. , etc., in stock.- R . T . & 1. Electronics, 
Ltd., Ashville Old Hall. AshvilLe Rd ., Londo n, E.ll . 
ley. 4986. · 164 

-SERVICE A ND REPAI RS 

SCRATCHED TUBES. Our experienced llOlishin" 
service can make your colour o r monochrome 

tubes as new again for only £2.75 , plus carria~c £1. 
With absolute co nfidence send to R ctubc Ltd .. North 
Somcrcotc Louth, Lines , or ' phone 0507-SS 300. 

127 
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PEAK PROGRAM METERS TO BS4297 
afao 200KHz version for high speed copying. 

Drive circuh. 35 x 80mm. tOt 1 mA LH. zero meter to BSC 
£01477. Gold 8 ·way edge con suppli~ff tO off 

50 
off 

Complete ~it £10.00 £9.50 £9.00 £8.60 

~R~e"S1~~EFI PPM£!!i~s. ~~~~ t tf1cfii~2Jfl_\~ 
642. 71 x 56rnm £10.90; 64 3. t02 x 79mm £12-90 
Tw1n movement. scale 86 x 54mm £31 .00 

PUBUC ADDRESS: SOUND REINFORCEM 
In ony public~eddress system where the micropho~s and 

~:~~T.~~~5r& 8~T t1h'o t~~~nfic~~~n~~c:~:s~c c~Tt~~;~~~:~~~ 
shifting the audio spectrum fed to the speakers b y a few Hcnz 
the utndoncy to howling o:u room resonance frequencies is 
destroyed and an increase in gain of 6--SdS is possible before 
the on~et of fe-edback. The SHz shift used is imperceptible on 
both speech :snd music. 
SHIFTERS IN BOXES with ovol1oad LEO shift/bypass switch, 
8$4491 matns connector and housed in strcmg c:fiecast boxes 
fini$hed in attn'lctive durable bJue acty1ic. Jack or XLR audio con· 
nectors. 
T111t A 8 C 
.11-- 2001<ohno 200Koln l(ll(n SAlAHC£1) =._..,. = 20~m""'" 20«~~BAL 
SHtFTEFI CIRCUIT 80 AROS FOR WW July 1973 article 
Complotel<itondboard £21.00 /tldMiotn.,.nd DESIGNER 
Board oo;ttand aligned £28.00 --- APPROVED 

SURREY ELECTRONICS 
The Forge, Lucks Green, Cranle~h, 

~.f'J'rr~~~lP.~s"s ~~~ ~~~.~ v~~ 

TAPE RECORDING ETC . 

RECORDS MADE TO ORDER 

DEMO DISCS I VINYLITE MASTERS FOR 
RECORD COMPANIES PRESSING$ 

Sinale discs, 1-20, Mono or Stereo, delivery 4 days 
from your tapes. Quantity runs 25 to 1,000 records 
PRESSE D IN VINYLITE IN OUR OWN PLANT. 
Delivery 3-4 weeks. Sleeves/labels. Finest quality 
NEUMANN STEREO/Mono l athes. We cut for 
many Studi<>< UK/OVERSEAS. SAE list. 

DEROY RECORDS 
PO Box l, Hawk Street, Camforttl, l.aftct. 

Tel. 2273 
182 

I F qua lity. du rabilily matter , consult Brhain's 
o ldest tra nsfer service. Quality records from your 

suitable tapes. (Excellent fund raisers far schools). 
M od ern studio facilit ies with Steinway Gra nd .­
Sound News . 18 B lenheim Road , London, W4. 
Tel. 0 1-995 1661. [4009 

TENDERS 

FOR SALE BY TENDER 

SURPLUS RADIO & 
JELEPHONE EQUIPMENT 

70 STORNO TYPE CQM 39 
6 STORNO TYPE CQM 39 
1 STORNO TYPE CQF 31 
2 STORNO TYPE CQF 31 

25 SINGLE CHANNEL TRANSCEIVERS 
2S 3 CHANNEL TRANSCEIVERS 

3 BASE EQUIPMENT 
14 BASE EQUIPMENT 

For further deta-ils write to: The County 
Surveyor, Northumberland County Council, 
Phoenix Streot, Queen Street, Newcastle upon 
Tyne. NE1 lAT. 

[4272 

VALVES WANTED 

W E buy new valves, transistors and clean new com. 
ponents, large or small quantities, aU details, 

quotation by return .- ·Walton's. 55 Worcester St.. 
Wo lverbampton. [6l 
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EX-COMPUTER 

STABILISED POWER SUPPLIES 
RECONDITIONED, TESTED AND 

GUARANTEED 
Ripple <10mV. Over-voltage protection 
120-130v. 50 c/s input. Stepdown transformer 
to suit about £3. 

Post 4 Packing £1 -70 
5-6V.8A. £12 5-6v. 16A. £16 
5-6V. 12A. £14 
PAPST FANS 44 x 4i x 2ln. 100 elm. 
240v. 50/60 Hr. £3-50 (30p). 
PAPST FANS 6in. dla. x 2Mn. deep 
Type 7576 £5-00 (30p). 
Few only 6in. PAPST £4 (30p) 
TRANSISTORS p 4 p 10p 
BC107/8/9 80147/8/9 80157/8/9 all 9p 
BF180 25p BF182/3/40p BF184 17pBC16713p 
BFW10 55p BF336 35 p 741 8 OIL 34p 
2N3771 £110, 2N3441 50p, BD131 40p 
ELECT ROLYTICS 
30,000m 25v, 68,000u 16v, 15,000p 30v65p (20p) 
4000m 70v., 3,600m 40v.. 44 x2in. dla. 55p (15p) 
5,000m 35V,, 40p (12p) 
EX-COMPUTER PC PANELS 2 x 4ln. 
25 boards for £1 (30p). 
QH Bulbs, 12v. 55w  50p (7p) 
150 mixed HI-STABS 60p (lip) 
250 Mixed Resistors  60p(13p) 
250 Mixed Capacitors  60p (lip) 
200 SI Planar Diodes  50p (8p) 
Mlcroswitches  8 lor 50p (lOp) 
Min. Glass Neons  8 for 50p (7p) 
2N3055 EQUIV 4 for £1 (lOp) 

Postage and packing shown in brackets 
Please add 8% VAT to TOTAL 

KEYTRONICS 
Mail Order only. 

44 EARLS COURT ROAD. LONDON. W.8 
01-478 0499 

Classified* continued from pane 109 
Capacity Available continued 
COMPONENT ASSEMBLY, Wiring and Test of. 

P.C.Bs. Electronic panels and Chassis, Proto- 
types designed. Batch production undertaken. 
DAVANT ELECTRONICS. 11 Ellesmerc Road. 
Shrewsbury. Tel. Shrewsbury 50550 or Bomere Heath 
(Shrews) 682. 14080 
COMPLETE printed circuit documentation includ- 

ing artwork masters, assembly drawings, mech- 
anical drawings, circuit diagrams, etc.. prepared from 
your basic design details. Single and double sided 
P.C. boards. Assembled prototypes supplied. J.T. 
Electronics. Box No. WW 4244. 
CONSULT US for all Electronic and Telecom- 

munications projects. High quality work by 
Qualified stall" at very favourable rates. Quotes free. 
IXC. Electronics. Tel: 0534 31814. f4238 
ENGINEER makes anything unusual. Inventors 

models, displays. Special tools and equipment. 
Seymour. 30 Devonshire Drive, Stapleford. Notting- 
ham. (4229 
ELECTRONIC and Electro-Mechanical design and 

development services offering one off design or 
developments to production. Single circuits or com- 
plete systems. D.C.A. Electronics. 19 Church Street. 
Warwick. Tel. Warwick 44992. (4235 
SMALL Batch Production, wiring assembly, to 

sample or drawings. Specialist in printed circuit 
assemblies. D. & D. Electronics, 42 Bishopsfield. 
Harlow. Essex. Harlow 33018. [17 

COURSES 
RADIO and Radar M.I'.T. and C.G.L.l. Courses. 

Write: Principal. Nautical College, l-'lectwood. 
FY7 Sjy.. [25 

BUSINESS OPPORTUNITIES 

MAKE MONEY FROM YOUR HORBY 
Sell a range of nationally advertised Hi-Fi 
speakers from home and make some real 
money fast. The range has already become well- 
known and very favourable reviews have been carried out. You sell only a brand-new fully 
guaranteed product with full support from 
the manufacturer. Your mark up is 67% and 
maximum investment is £140. This is a direct 
selling opportunity and not part of any 
pyramid scheme. 
Write for full details to: 

ELBAR INDUSTRIES, 
Dept. 6, 
2 Greystones Close, 
Kemsing, Sevenoaks, Kent [4214 

► 

SEMICONDUCTOR 

DATA HANDBOOK 

by General Electric 

Price £3.40 

ELEMENTS OF TRANSISTOR PULSE 
CIRCUITS by T. D. Towers. Price £3,70 
UNDERSTANDING IC OPERATIONAL 
AMPLIFIERS by R. Helen. Price £2.20 
RECEIVING PAL COLOUR TELEVISION 
by A, G. Priestley. Price £S.25 
ELECTRONIC EQUIPMENT RELIABILITY 
by J. C. Clulcy. Price £2.70 
DIGITAL ELECTRONIC CIRCUITS AND 
SYSTEMS by N. M. Morris. Price £2.45 
OPERATIONAL AMPLIFIERS DESIGN 
AND APPLICATIONS by Tobcy. Price £4.20 
DIGITAL LOGIC BASIC THEORY AND 
PRACTICE by J, H. Smith. Price £1.65 
GE TRANSISTOR MANUAL. Price £1.30 
TRANSISTOR FUNDAMENTALS AND 
SERVICING by 8. Larson. Price £8.00 
SERVICING ELECTRONIC ORGANS by 
M. H. Apptcbaum. Price £2.00 

*ALL PRICES INCLUDE POSTAGE* 

THE MODERN BOOK CO. 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 
19-21 PRAED STREET, 

LONDON, W2 1NP 
Phone 723 4185 
Closed Sat. I p.m. 

NEW GRAM AND SOUND 
EQUIPMENT 

GLASGOW Hi Ft. Rccordeis. Video. Communica- 
tions Rccievcr always available we buy sell and 

exchange for photographic equipment. Victor Morris 
Audio Visual Ltd., 340 Argyle Street. Glasgow, G,2; 
31 Sauchichall Street. Glasgow. G.l: 8/10 Glasstprd 
Street, Glasgow, G.2. Tel: 041-221 8958. Ill 

Hair 

Transplant 

For free brochure, clip 
this ad. and send to; 

Room 6 
HAIR TRANSPLANT 

INTERNATIONAL 
502 Eccleshall Road, Sheffield 

RECEIVERS AND AMPLIFIERS- 
SURPLUS AND SECONDHAND 

EDDYSTONfc EC10 MK11 Transistorised battery 
operated, mini condition, cost new £86 bargain al 

£55. Phone Newmarket 3871 evenings. [4256 
HRD RxSs. etc.. AR88, CRIOO, BRT400, G209. 

S640, etc., etc,, in stock.—R, T. & 1. Electronics. 
Ltd., Ashville Old Hall, Ashville Rd., London, E.ll. 
Ley. 4986. (65 
SIGNAL generators, oscilloscopes, output meters, 

wave voltmeters, frequency meters, multi-range 
meters, etc., etc., in stock.—R. T. & 1. Eieclrotucs, 
Ltd., Ashville Old Hall. Ashville Rd., London, E.ll. 
Ley. 4986. 164 

SERVICE AND REPAIRS 
SCRATCHED TUBES. Our experienced polishing 

service can make your colour or monochrome 
tubes as new again for only £2.75, plus carriage £1. 
With absolute confidence send to Rolube Ltd.. North 
Somcrcolc Louth, Lines, or 'phone 0507-85 300. [27 

PEAK PROGRAM METERS TO BS4297 
also 200KHz version for high speed copying. 

Drive circuit. 35 x 80mm. for 1mA L.H. zero meter to BBC ED 1477. Gold 8-way edge con supplied. 4 off 10 off 50 off 
Complete kit £10.00 £9.50 £9.00 £8.50 Built and aligned £14.00 £13.30 £12.60 €11.90 ERNEST TURNER PPM meters, scalings 1/7 0R-22/-I-4. Type 642. 71 x 56mm £10-90; 643. 102 x 79mm £12-90 
Twin movement, scale 86 x 54mm £31.00 

FREQUENCY 

SHIFTER 
FOR HOWL REDUCTION 

PUBLIC ADDRESS : SOUND REINFORCEMENT In any public-address system where the microphones and loudspeakers are in the same vicinity acoustic feedback Ihowi- toundj occurs if the amplification exceeds a critical value. By shifting the audio spectrum fed to the speakers by a few Hertz the tendency to howling at room resonance frequencies is destroved and an increase in gain of 6 8dB is possible before the onset of feedback The 5Hz shift used is imperceptible on both speech and music. SHIFTERS IN BOXES with overload LED shift/bypass switch. 
SS4491 mams connector and housed in strong diecast boxes finished in attractive durable blue acrylic. Jack or XLR audio con- nectors. 
Typ*, . Input impsdance Output impedance PRICE 

A 200Kohm ZKohm £58.00 
ZOdKohm 20 c! 600 ohm £68.00 

lOKohm BALANCED 20 or 600 ohmBAL 
SHIRER CIRCUIT BOARDS FOB WW July 1973 article Complete kit and board £21.00 Indalingusu and DESIGNER Board built and aligned £28.00 mains tmsfotmer APPROVED 
SURREY ELECTRONICS 

The Forge, Lucks Green, Cranleigh. 
Surrey GU6 7BG. (STD 04866) 5997 CASH WITH ORDER, less 5% UK post Ireo, add VAT 

TAPE RECORDING ETC 

RECORDS MADE TO ORDER 
DEMO DISCS 

MASTERS FOR 
RECORD COMPANIES 

VINYLITE 
PRESSINGS 

Single discs, 1-20, Mono or Stereo, delivery 4 days 
from your tapes. Quantity runs 25 to 1,000 records 
PRESSED IN VINYLITE IN OUR OWN PLANT. 
Delivery 3-4 weeks. Sleeves/Labels. Finest quality 
NEUMANN STEREO/Mono Lathes. We cut for 
many Studios UK/OVERSEAS. SAE list. 

DEROY RECORDS 
PO Box 3. Hawk Street, Carnforth. Lanes. 

Tel. 2273 
 [82 

TF qualily, durabiiily matter, consult Britain's 
a oldest transfer service. Quality records from your 
suitable tapes. (Excellent fund raisers for schools). 
Modern studio facilities with Steinway Grand.— 
Sound News. 18 Blenheim Road, London, W4. 
Tel. 1)1-995 1661. (4009 

TENDERS 

FOR SALE BY TENDER 

SURPLUS RADIO & 

TELEPHONE EQUIPMENT 

70 STORNO TYPE CQM 39 
6 STORNO TYPE CQH 39 
) STORNO TYPE CQF 31 
2 STORNO TYPE CQF 31 

25 SINGLE CHANNEL TRANSCEIVERS 
25 3 CHANNEL TRANSCEIVERS 

3 BASE EQUIPMENT 
14 BASE EQUIPMENT 

For further details write to: The County 
Surveyor, Northumberland County Council, 
Phoenix Street, Queen Street, Newcastle upon 
Tyne. NE1 3AT. 

(4272 

VALVES WANTED 
\^/E buy new valves, transistors and clean new com- 

ponents, large or small quantities, all details, 
quotation by return.—-Walton's. 55 Worcester St.. 
Wolverhampton. [62 
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WANTED FOR SPARES 
THESE & OTHERS 'SCOPES 

Cash price paid CD711 S.2 

Working £20 

Not working but complete £10 

HARTLEY 13A 

£15 

£8 

0300 (CT316) CD5235.2 

£15 £20 

£8 £10 

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

INDEX TO ADVERTISERS 
Appointments Vacant Advertisements appear on pages 94-109 
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ritier Patrol 
Spy-trapping? Smuggler-scotching? That's no 

work for the scores of designers in our 150-strong 
engineers' brigade. 

They're on frontier duties just the same, though. 
For sometimes they're operating on the very 
frontiers of human knowledge - as with our 
remarkable new spectrum analyser, in which they've 
combined the latest digital storage technology and 
television display with semi-automatic operation to 
produce a new generation instrument. 

Sometimes, on the other hand, they're helping 
you to economise - os when they produce a signal 
generator able to give the performance you need 

• 

without the cost of the performance you dq..n't. 
There ore times, too, when - as a result of 

free-ranging, exploratory probing -they come up 
with o revolutionary instrument that was not 
originally on the agenda at all. An example? The 
X-Y Memory, a definitiv.e solution to the irritating 
problem of dear oscilloscope display of very low 
frequency waveforms. 

The fad is: mf maintains what is Europe's largest 
operation devoted exclusively to electronic test and 
measuring instruments. And it has the resources, the 
research facilities, the development potential to 
match. 

ml :THE INNOVATORS 
MARCONI INSTRUMENTS LIMITED 

Long acres · St. Albans· Hertfordshire AL4 OJN ·England· Telephone: St.Aibons 59292 ·Telex: 233SO 

A GEC -Marconi f ecvonic~ company. 
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Spy-trapping? Smuggler-scotching? That's no 
work for the scores of designers in our 150-strong 
engineers'brigade. 

They're on frontier duties just the same, though. 
For sometimes they're operating on the very 
frontiers of human knowledge - as with our 
remarkable new spectrum analyser, in which they've 
combined the latest digital storage technology and 
television display with semi-automatic operation to 
produce a new generation instrument. 

Sometimes, on the other hand, they're helping 
you ta economise - as when they produce a signal 
generator oble to give the performance you need 

without the cost of the performance you dop't. 
There are times, tao, when - as a result of 

free-ranging, exploratory probing - they came up 
with o revolutionary instrument that was not 
originally on the agenda ot all. An example? The 
X-Y Memory, a definitive solution to the irritating 
problem of clear oscilloscope display of very low 
frequency waveforms. 

The fact is: ml maintains what is Europe's largest 
operation devoted exclusively to electronic test and 
measuring instruments. And it has the resources, the 
research facilities, the development potential to 
match. 

HI : THE INNOVATORS 

MARCONI INSTRUMENTS LIMITED 
Longacres • St. Albans • Hertfordshire AL4 OJN • England ■Telephone:St. Albons 59292 'Telex: 23350 

A GEC -Moream EtetfrorMCS compory. 
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Before Concorde 
fir,st tool< to the 

vvemadea 
lot of contacts 

on the 
flight decl<. 

• a1r ... 

Ersin Multicore 5-core solder was usedJor 
thousands of electrical . corinecttOf;l-S :an: the. 
British assembled Concorde. 11igt:V&:Iass con· 
nections! And Ersin Multic6re quality wil'l 
ensure that they stay connected. Before selec­
tion, Ersin Multicore Solders were subjected to 
rigorous testing against an extremely demand­
ing international specification. They passed 
with (dare we say it?) flying colours. Ersin 
Multicore is always coming out best by test. 
The World's leading manufacturers of electronic 
equipment use Ersin Multicore Solder to ensure 
the utmost in reliability, efficiency.and economy 
of soldered joints, whether they are making 
equipment for use in the sea, on land, in the 
air or in outer space. Write, on your Company's 
headed note paper, for technical information 
about Ersin Multicore Solder, Solder Chemicals 
and high purity EXTRUSOL for soldering 
machines and baths to: 

I ~ulticore Solders 
Li rnited, Mayland$ Avenue 
Heme! Hempstl;lad.~t1s,HP2 YEP 
Tel~ H Hempstead 3636 
Telex82363 
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Ersin Multicore 5-core solder was used for 
thousands of electrical connections on the 
British assembled Concorde. High-class con- 
nections I And Ersin Multicore quality will 
ensure that they stay connected, Before selec- 
tion, Ersin Multicore Solders were subjected to 
rigorous testing against an extremely demand- 
ing international specification. They passed 
with (dare we say it?) flying colours. Ersin 
Multicore is always coming out best by test. 
The World's leading manufacturers of electronic 
equipment use Ersin Multicore Solder to ensure 
the utmost in reliability, efficiency and economy 
of soldered joints, whether they are making 
equipment for use in the sea, on land, in the 
air or in outer space. Write, on your Company's 
headed note paper, for technical information 
about Ersin Multicore Solder, Solder Chemicals 
and high purity EXTRUSOL for soldering 
machinesand bathsto: 

Multicore Solders 

Limited, May lands /Venue 
Hemel Hempstead. Her t s HP2 7EP 
Tei-H.Hempstead 3636 
Telex 82363 
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