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Automatic Scale Factor Readout - 
a character generator senses the position of volts /div, amps, 
div, time /div, polarity, and uncalibrated variable controls, 
then accounts for probe attenuation and displays the correct 
scale factors for all channels directly on the CRT. In addition 
to this facility, illuminated push- button switching and true 
automatic triggering assure faster, more accurate, less 
complicated measurements. 

150 MHz Bandwidth - 
using the type 7704 main -frame, 90 MHz for the type 7504. 

More Sensitivity - 
higher sensitivities are achieved at greater bandwidths than 
ever before. 5 mV /div at 150 MHz, 1 mV/div at 100 MHz and 
10 pV /div at 1MHz. 
More Flexibility - 
each mainframe accepts up to four plug -in units. Thirteen 
plug -in units are currently available to cover virtually all 
multi -trace, differential, sampling, and X -Y applications. 
Price of Mainframe (with scale factor readout) and the 
minimum of a single channel vertical and single time -base 
plug -in units : 

7504 from £1,459 1 delivered U.K. 
77C4 from £1,7641 Manufactured in Guernsey C.I. 

For detailed information on any of our products p /ease fill in reader reply card or write, telephone or telex 

Tektronix U.K. Ltd. Beaverton House, P.O. Box 69, Harpenden, Herts. 
Telephone Harpenden 61251. Te /ex 25559 

For overseas enquiries: Australia: Tektronix Australia Pty. Ltd., 80, Waterloo Rd., North Ryde, N.S.W. 2113 Canada: 
Tektronix Canada Ltd., Montreal, Toronto & Vancouver. France: Relations Techniques Intercontinentales, S.A. 
91, Orsay, Z.I. Courtaboeuf, Route de Villejust (Boite Postale 13) Switzerland: Tektronix International A.G., P.O. 
Box 57, Zug, Switzerland. Africa, rest of Europe, and the Middle East: Tektronix Ltd., P.O. Box 36, St. Peter 
Port, Guernsey, C.I. All other territories: Tektronix Inc., P.O. Box 500, Beaverton. Oregon, U.S.A. 
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UHF klystron efficiency? 
You can rely on it with EEV. 

For reliable UHF klystron performance 
choose from the largest range available toda 
The EEV range. 40kW, 25kW, 10kW, 7kW 
and 5kW. 

Each one offers economy and ease 
of use, solid -state compatibility and, 
above all, efficiency -even at low 
drives. 

Broadcasting authorities 
around the world are using 

y 

EEV klystrons for UHF television 
- proving their operational flexi- 
bility, reliability and efficiency in 

climatic conditions as varied as those 
of Australia and Finland. 

To get the full facts about the tube you 
need, please post the coupon. 

English Electric Valve Co Ltd, Chelmsford, 
Essex, England. Telephone 0245 61777. 

Telex: 99103. Grams: Enelectico Chelmsford 

To: English Electric Valve Co Ltd, Chelmsford, Essex, England 
Please send EEV data on UHF television amplifier klystrons. 
I am interested in a klystron with the following parameters: 

Frequency Bandwidth Power 

Name & position 

Company 

Address 

Tel. exchange or code 

Number Extension 

ENGLISH ELECTRIC VALVE CO LTD 

WW-008 FOR FURTHER DETAILS 
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The great EEVradardisplay 
These radar components represent just part of our total radar capa- 

bility, and they indicate the size of our investment in radar. We know 

radar from thyratrons to magnetrons, from duplexers to klystrons. And 

we have the resources to back this immense fund of knowledge. EEV's 

advanced tube technology is at your service. If a device to suit your 

equipment is not already in our catalogue, we would consider making 

one specially for you. 
So that true can send you the latest, up -to -date information, please 

return the coupon opposite. 
English Electric Valve Co. Ltd., Chelmsford, Essex, England. 

Telephone: 0245 61777. Telex: 99103. Grams: Enelectico, Chelmsford. 

1. Magnetrons 

2. High power klystrons 

WW -009 FOR FURTHER DETAILS 
3. High -power travelling -wave tubes 
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copperclad steel leads, Redcaps are 
equipped to perform 
their tasks with com- 
plete reliability. 

Send for details to :- 
ERIE ELECTRONICS LTD, 
Gt. Yarmouth, Norfolk. 
Telephone : 0493 4911 
Telex : 97421 

ERIE 

ELECTRONICS 

Wireless World, August 1970 

This little fellow 
gets 

ugh e 
assignments 

Redcap Capacitors are ready for any 
assignment. As part of the Monobloc 
Ceramicon range, they can pack 10 to 
100 times the capacitance /volume 
ratio of conventional components. 
They tolerate temperatures from -50 C 
to ±125`C. They cover a broad range 
of values from 10pF to 470,000 pF 
(up to 2,200 pF in high stability NPO. 
with the remainder of the range in 

Hi -K Dielectric), at vo ".tage ratings of 
50 or 100 Volts d.c. 
Redcaps are now made in Britain. The 
technique is the fusion of Thin Ceramic 
Films and Platinum Electrodes. The 
result is an inherently stable dielectric, 
and volumetric efficiencies as high as 
380 per cubic inch. 
Finished in Jetseal Phenolic Insulating 
coating, with weldable solder- coated 

ERIE MONOLITHIC CAPACITORS 
P2 

WW-006 FOR FURTHER DETAILS 
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Vortexion 
These electronic Stereo Mixers range from 
2 +2 to 5+5 input channels, with left and right 
outputs at 500 millivolts into 20K ohms up to 
infinity. 
Separate control knobs are provided for L & R 

signals on each stereo channel so that a Mono/ 
Stereo changeover switch provided can give 

from four to ten channels for monaural opera- 
tion, in which state the L & R outputs provide 
identical signals. 
A single knob ganged Master Volume control is 

fitted, plus a pilot indicator. 
The units are mains powered and have the same 

overall dimensions as monaural mixers. 

Wireless World, August 1970 

STEREO MIXERS 

Also available Monaural Electronic Mixers:- 
4 Way Monaural Mixers 

6 Way Monaural Mixers 

8 Way Monaural Mixers 

10 Way Monaural Mixers 

3 Way Monaural Mixers with P.P.M. 

4 Way Monaural Mixers with P.P.M. 

6 Way Monaural Mixers with P.P.M. 

8 Way Monaural Mixers with P.P.M. 

50/70 WATT ALL SILICON AMPLIFIER WITH BUILT -IN 4 WAY MIXER USING F.E.T.'s. This is a high fidelity 

amplifier (0.3% intermodulation distortion) using the circuit of our 100% reliable 100 Watt Amplifier (no failures to date) with its elaborate 

protection against short and overload, etc. To this is allied our latest development of F.E.T. Mixer amplifier, again fully protected against 

overload and completely free from radio breakthrough. The mixer is arranged for 3 -30/60 fI balanced line microphones, and a high 

impedance line or gram. input followed by bass and treble controls. Since the unit is completely free from the input rectification distortion 

of ordinary transistors, this unit gives that clean high quality that has tended to be lost with most solid state amplifiers. 

100uV on 30/60 ohm mic. input. 100mV to 100 volts on gram/auxiliary input 100 Kf2. 

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains and 12 volt battery operation, charging its own battery and 

automatically going to battery if mains fail. Protected inputs, and overload and short circuit protected outputs for 8 ohms -15 ohms and 

100 volt line. Bass and treble controls fitted. Models available with 1 gram and 2 low mic. inputs. 1 gram and 3 low mic. inputs or 4 low 

mic. inputs. 

100 WATT ALL SILICON AMPLIFIER. A high quality amplifier with 8 ohms -15 ohms and 100 volt line output for A.C. 

Mains. Protection is given for short and open circuit output over driving and over temperature. Input 0.4v on 100K ohms. 

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 c /s-20 Kc /s ± 1 db. Less than 0.2% 

distortion at 1 Kc /s. Can be used to drive mechanical devices for which power is over 120 watt on continuous sine wave. Input 1 m W 600 

ohms. Output 100 -120v or 200 -240v. Additional matching transformers for other impedances are available. 

30/50 WATT AMPLIFIER. With 4 mixed inputs, and bass and treble tone controls. Can deliver 50 watts of speech and music or over 

30 watts on continuous sine wave. Main amplifier has a response of 30 c /s- 20Kc /s ± ldb. 0.15% distortion. Outputs 4, 7.5, 15 ohms and 

100 volt line. Models are available with two, three or four mixed inputs for low impedance balanced line microphones, pick -up or guitar. 

VORTEXION LIMITED, 257 -263 The Broadway, Wimbledon, London, S.W.19 

Telephone: 01 -542 2814 & 01 -542 6242/3/4 Telegrams: `Vortexion London S.W.19" 

WW -007 FOR FURTHER DETAILS 
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4. Hydrogen thyratrons 

5. Pulse tetrodes 

6. Low -power travelling -wave tubes 

7. Low power klystrons and 
backward wave oscillators 

8. Duplexer devices 

9. Voltage stabilisers 

10. Storage tubes 

WW -010 FOR FURTHER DETAILS 

r 1. Magnetrons 
X -band L -band S -band 

C -band mm. band 

2. High power klystrons 

3. High -power 
travelling -wave tubes 

4. Hydrogen thyratrons 

5. Pulse tetrodes 

6. Low -power 
travelling -wave tubes 

7. Low power klystrons: 
Receivers Transmitters 
Backward -wave oscillators 

8. Duplexer devices: 
X -band L -band 
S -band C -band 

9. Voltage stabilisers 

10. Storage tubes 

Tick where appropriate and send 
this coupon for full data. 

To: English Electric Valve Co. Ltd. 
Chelmsford, Essex, England 

Name 

Position 

Company 

Address 

Telephone exchange or STD code 

Number Extension 

ENGLISH 
ELECTRIC 
VALVE 

CO LTD 
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Meefthe 
5 second fix..: 

Insuloid 
Cradleclip 

Just five seconds per point for perfect fixing- neater, more 
compact, safe and permanent. The Cradleclip® system 
permits quick and easy wiring amendments -cuts costs all 

round. Comprises binders and clips for loose wiring - 
cradles and clips for anchored wiring. Binders and cradles 
are in tough, virtually unbreakable 'nylon for all- climate 
insulation. Clips are in PVC, Neoprene (for special duties) 
or Butyl rubber (for aircraft applications). Post the coupon 
for samples by return. 

try ttythe 
I 

NAME 

I COMPANY 

I ADDRESS 

I INSULOID 

Please send me samples 
of the three types of 
Insuloid Cradleclipslk 
and full descriptive 

literature. 

MANUFACTURING CO. 

A division of Bowthorpe -Hellermann Ltd.. 

LEESTONE RD., WYTHENSHAWE, MANCHESTER. M22 4RH 
l Tel : Wythenshawe 5415 

(A member of the Bowthorpe Holdings Group of Companies) 

WW-011 FOR FURTHER DETAILS 

Farne i 
Modular 

Digital Measuring 
System 

1.MAIN FRAME 1`' 
Incorporates counting circuits, display, 
power supplies and printer output 
socket. £135.0.0. Plug -in modules. 
£75.0.0 to £210.0.0. 

Z.DC VOLTMETER 
Range: 00.1 mv to 999. volts. Accur -3 
acy: t 0.1% of reading ± 1 digit. 

3.00 MICROVOLTMETER 
Range: 0.001 mv (1 microvolt) to 999.9 
volts. Resolution: 0.01". of reading 
(using 1000% overrange capability). 
Accuracy: ? 0.05 of reading ± 1 

digit. 4 AC VOLTMETER 
Range: 0.01 my (10 microvolts) to 999.5 
volts. Frequency range: 22Hz to 1.0 
MHz. Accuracy: ± 0.1 " of reading 

+_ 1 digit. 
0EVENT COUNTER 

Counting rate: up to 1.000,000 counts/ 
second. 

6 I MHz COUNTER 
Frequency measurements: 00.1 Hz to 
999. kHz. Period measurements: 00.1 
ms to 999. seconds. Sensitivity: 10.0 
mv. Accuracy : t 0.0005"ó of reading t 1 digit. Resolution: up to 7 digits. 

% 80 MHz COUNTER 
Range 00.1 Hz to 80.0 MHz. Accuracy: 

0.00005 "e of reading j 1 digit. 
Sensitivity: 20.0 mv. Resolution up 
to 7 digits. 

H OHMMETER 
Range: .001 (1 milliohm) to 999.9 
megohms. Accuracy: _+ 0.1°4 of read- 
ing t 1 digit. 

9 CAPACITY METER 
Range : .001picofarad to 9.99 millifarads 
(9.999 microfarads). Accuracy: ± 0.1", 
of reading ± 1 digit. 

to TIME INTERVAL METER 
Range: 0.01 ms (10 microseconds) to 
999. seconds. Accuracy: ' 0.0005 
of reading ± 1 digit. 

11 DC CURRENT METER 
Range. .0001 microamps (0.1 nano- 
amp) to 9.99 amperes. Accuracy: ± 
0.15 " of reading ± 1 digit. 

Farnell Instruments Ltd. 
Sandbeck Way, Wetherby 
Yorkshire LS22 40H 
Telephone: Wetherby 0937 3541 (6 lines) 
London Office: Telephone 01 -802 5359. 

`tigic 
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Neuer Built a Nit Before? 
Why not prove how easy it is the HEATHKIT way. 
Build one of these beginner kits. 
See for yourself how EASY it is to build a HEATHKIT model . . . Why not purchase a 

construction manual now, ONLY 10/- EACH. Simply order the manual for the model of your 
choice on the order form below. If you order the kit later the manual price may be deducted 
from the price of the kit. 

Stereo Record Player 
Exciting Sound -Budget Price 
Kit K /SRP -1 f27 -6 Carr 11, 

Deluxe SW Receiver 
Many extras for price 
Kit K/GR -54 f48 -16 Carr 9 

Portable 
'VVM' 

For Hobbyists -Householders 
Kit K/IM -17 f14-8 Carr 6 

AM /FM Radio' 
Looks Good -Luxury Sound 
Kit K /Severn f18-18 Carr 5 

FM Mono Receiver 
Modest Price- Natural Sound 
KitK /AR -27 £22 -10 Can. 11 /- 

(Cab Extra) 

'a ea' ¡ ì 

RF Signal Generator 
100 KHz -200 MHz 
Kit K /RF -1 U £15-18 Carr r, 

Berkeley 
Slimline 
Speaker 
Uses 1 sq ft. 
Floor Space 

2- Speaker and Cross over System 
Build into own Cabinet 
KitK/SCM -3 f12 -6 Carr 6/- 

ORDER YOUR MANUAL 
PRICE ONLY 10/- EACH TODAY! 

A Schlumberger Company 

HEATH (Gloucester) LTD. 

GLOUCESTER GL2 6EE 
Tel. 29451 Telex. 43216 

Model 
Makers 
Tachometer 
Measure RPM 
the easy ways 

Kit K'GD69 f11 Carr Pd 

FM Stereo Tuner /Amplifier 
Unbeatable Value 

KitK AR 17 f36 -1 O Cat, 

4111.2 
Deluxe Car Radio 
Top Value -Powerful output 

KitK/CR-t f12-12 
Skr Extra) 

Carr 5 

12w + 12w Stereo Amplifier 
8 or 15 Q outputs 
Kit K/TSA -12 f32-16 Can 11, 

(Cab Opt. Extra) 

Car 

Tune -Up 
Meter 
For D.I.Y. Avon Mini Speaker 
Motorists Luxury Sound -Small Size, 

Kit K/ID -29 £17-8 Can 5,/- Kit K /Avon 03-8 Car' 

HEATH (Gloucester) LTD. 
GLOUCESTER GL2 6EE. Tel. 29451 Telex. 43216 

Tick requirements 

Please send me FREE Catalogue 

Please send me manualls) for modells) 
I enclose a remittance for 

Full details models 

NAME 

ADDRESS 

POSTCODE._. 

29/8 
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MICROPHONES 
£t ACCESSORIES 
Our range of microphones includes all types, ribbon, 
omnidirectional and cardioid, with or without 
switches, for hand or stand use. All microphones are 
manufactured in a special section of our works, 
under strictly controlled conditions with stringent 
test and inspection at every stage. Each and every 
microphone is individually tested both aurally and 
on Bruel & Kjoer visual and graphic recording test 
equipment for conformity to a prescribed perform- 
ance. Accessories such as desk or floor stands, wind 
shields and parabolic reflectors are also well 
catered for. 
Besides microphones, every need of Public Address 
is met by a wide range of amplifiers, both mains and 
battery operated, mixers and ambiophonic units, 
loudspeakers and associated equipment, disc 
recorder amplifiers and cutter heads. 

7ila42 G Slsrdi Attey deoceyd 
tlu 

yaw wL SERvfGE 

SrampianÌ 
SOUND EQUIPMENT 

GRAMPIAN REPRODUCERS ITO 
HANWORTH TRADING ESTATE 

EELTHAM MIDDLESEX 
TELEPHONE 01 894 9141 

DP4 GR1 GC2 

JACW/X/59 (M22) WW -014 FOR FURTHER DETAILS 

ASTRONIL SERIES 1700 

For the finest reproduction 
invest in Astronic Equipment 
built from standard modules 
for use in clubs, factories 
hospitals, sportcentres, hotels, 
schools or where only the 
best will do 

ASSOCIATED ELECTRONIC ENGS LTD. 
DALSTON GARDENS, STANMORE, MIDDX. 

TEL: 01 -204 2125 HA7 /1 B L 

WW -015 FOR FURTHER DETAILS 
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* Lightweight 
* Tropicalized 
* Practically unbrea<able 
* High impedence, high level 

phones * Carbon microphones 
available * Extremely comfortable 

* Simple to service. 

The new 'Astrolite' headset h3s been acopted 
by many of the leadi ig Te,levision, BrDadcasting 
and Programme companies for studio and 
O.B. use, and no wonder. 

It's fully interchangeable with all kno.vn carbon 
level systems. No more of the 'snap, crackle and 
pop', just the message, c ear and rel able, using 
our new noise -cancelling high quality noving -coil 
microphone with integral amplifiers. 

AMPLIVOX 
CO NS 

LIMITED 

AMPLIVOX COMMUNICATIONS LTD. 
BERESFORD AVENUE WEMBLEY MIDDX. 
TELEPHONE 01 -902 8991 

GRAMS AND CABLES AMPLIVOX WEMBLEY 

r For noise -free communications, without 'carbon' crackles. Write or telephone for a 

free demonstration, at your premises, without any obligation. 

Name 

Title. 

Address 

i w J 
WW -0- 16 FOR FURTHER DETAILS 
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audix 
COLUMN LOUDSPEAKERS 

L 470 (LEFT) A 4' line source loudspeaker providing 
the highest quality audio reproduction available 
from a column unit. Designed specifically for outside 
broadcast use, the L 470 has an exceptional direc- 
tional characteristic, and will ensure good intelligi- 
bility, even under poor acoustic conditions. 

Power Rating: 8 watts. 

LM 204 (CENTRE) A 2' line source loudspeaker 
having an all metal construction, and designed for 
use in churches, conference halls, etc.. where top 
quality speech reproduction is required. 

Power Rating: 6 watts. 

'200' Series (FAR RIGHT) This range of column 
loudspeakers are constructed in matt finished solid 
afrormosia timber. The acoustic venting and high 
flux speaker units incorporated. provide top quality 
sound distribution over the entire audio range. Models 
are available with power outputs between 7 and 45 
watts. varying in height between 2 and 7' respectively. 

aud 

i avivED STADNISTBED ESSEX D MS (STD 02NS97D 
3132 3431 
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INTERMODULATION DISTORTION ANALYSER 

Residual Distortion 
below 0.005%! 
Internal Generators! 
1 Minute Calibration ! 

FET Circuitry ! 

Price £496 ! 

The I MA Intermodulation Distortion Analyse- made it possible for Crown 
International to produce the World's finest Power Amplifier, the DC300! Now 
the unique facilities of the I MA are available to you. Your Laboratory or your 
production line can benefit from 1 minute Inter -Mod measurements. Phone 
us now for a data sheet, or a demonstration. 

Carston Electronics Limited Tel. 
Oakley on Blount 

8561 
Oxon. 

Tel. Kingston Blount 8561 

WW -o18 FOR FURTHER DETAILS 



Why Mullard 
chose the 
high voltage 
solution for 
transistorised TV 

One of the major decisions that 
manufacturers of TV componer is have 
faced is the choice between high and low 
voltage line output circuitry. Or the basis 
of an extended evaluation programme, 
Mullard settled for the high -vol:age 
solution some three years ago, and started 
work to solve the specific device problems. 
This decision was based on the 
specialised knowledge which our Central 
Applications Laboratory had of the 
advantages this solution would bring to 
Setmakers. 

Once the development tasks had been 
set, all our resources were co- ordinated 
to make a concentrated effort to develop 
these necessary and most complex 
devices -the TV line output transistor 
BU I05 and the BT106 thyristor. 

The BU I05 is technically outstanding. 
It can operate at a maximum peak 
collector -to- emitter voltage of 1 5kV, and 
one device can supply the scanning and 
e.h.t. power for 1 1 0 ' monochrome TV, 

which can be as high as 3 000VA. For 
colour TV. where the VA can rise to 
5 000VA, two BU I05's are usually used 
in series, and the nominal peak operating 
vcltage of 2kV is well within the 
combined ratings of the two transistors. 
The peak collector current r:quirement 
is adequately covered by the BU I05's 
2.5A rating. 

At the same time that the BU I05 was 
being developed, a second team was 
working on the problems of providing a 

fully protected and regulated power 
supply for TV. This was built around the 
rugged MLI'ard Thyristor BT106. 
The circuit was developed using techniques 
our designers have employed for the speed 
control of domestic appliances, and is 

designed to supply a stabilised line of up 
to 200V at up to 700mA. A number of 
special passive components are used in 
these circuits; and these were developed at 
the same time within the Mullard 
organisation. 

Why the Mullard High -Voltage Solution 
is the Answerr. By using our line output 
transistor BU 105 and thyristor BT106, 
Setmakers are able to build receivers 
of excelleit stability, and at the same time 
save on component costs, space, and 
lower the heat level within the television 
cabinet. The old bulky and expensive 
mains transformer can be eliminated 
together with its incumbent magnetic 
fie:d. 
Uniquely the BU 105 transistor also acts 
as its own ef5ciency diode with no loss of 

linearity, thereby saving yet more 
components. 

The BTI06 power supply circuitry has a 

high safety factor even under fault conditions. 
It is compact and has extremely low 
dissipation. Together, the BU I05 and 
BTI06 and their associated circuits 
represent what is probably the most 
advanced television scanning plus power 
supply concept in the world today. 

Worth it ? Our unique experience in 
components for consumer electronics 
allows us to bring many resources to bear 
on individual problems and in this case 
made possible an outstanding TV circuit 
solution. We can also be sure that our 
products will give continuous and 
consistent service -our detailed 
knowledge of their use helps us to relate 
the highest quality with the best possible 
price, and this is something which applies 
across the very wide Mullard 
component range. 

Mulland 
components for 

consumer electronics 
Mullard Limited 
Consumer Electronics Division 
Mullard House Torrington Place 
London W I 

C81:184 



TRANSFORMERS 
We hold in stock a 

standard range of 
over 200 types of 
Transformers, a few of 

the more popular types 
are represented here. 

12 VOLT RANGE 
PRIMARY VOLTAGE 200 -150V -SECONDARY 

Ref. Current Secondary Windings Dimensions 
No. inches 
III O.SA 0 -12V a 0.25A x 2 3 x 21 x I; 
213 I.OA 0 -12V .i I Amp - 3} x 2 x 2 

71 2.0A 0 -12V u I Amp x2 2f x21 x21 
68 3.0A 0 -12V -i 3 Amp - 31 x 21 x 2; 
18 4.0A 0 -12V a 2 Amp x 2 31 x 21 x 2; 
85 5.0A 0 -12V a 5 Amp - 31 x 21 x3 
70 6.0A 0 -12V i 6 Amp - 4 x 3 x 31 

108 8.0A 0 -12V a 4 Amp x 2 4 x 3} x 31 
72 10.OA 0 -12V 5 Amp x 2 31 x 41 x4 
17 16.0A 0 -12V 8 Amp x 2 4; x 3! x 4 

115 20.0A 0 -12V a 10 Amp x 2 41 x 4} x 4 
187 30.0A 0 -12V ,, IS Amp x 2 5; x 41 x 4; 

24 VOLT RANGE 
PRIMARY VOLTAGE 200-250V-SECONDARY 

Ref. Current Secondary Windings Dimensions 
No. inches 
III 0.25A 0 -12V u 250 m.A x 2 3 x 21 x I; 
71 I.OA 0 -12V u 1 Amp x 2 21 x 21 x 21 
18 2.0A 0 -12V a 2 Amp x 2 31 x 21 x 2; 

114 3.0A 0 -12 -24V .i 3 Amp - 21 x 3 x 3 
108 4.0A 0 -12V a 2 Amp x 2 4 >c 31 x 31 
72 5.0A 0 -12V ii 5 Amp x 2 4 x 4! x 31 

116 6.0A 0 -24V n 6 Amp - 4 x 31 x 31 
17 8.0A 0 -12V ai 8 Amp x 2 11 x 31 x 4 

115 10.0A 0 -12V -, 10 Amp x 2 41 x 41 x 4 
187 15.0A 0 -12V -, 15 Amp x 2 51 x 4; x 4; 

30 VOLT RANGE 
PRIMARY VOLTAGE 200-230V-SECONDARY 

Dimensions 
inches 

31 x 2s>_ x Ili 
21 x 2 x 21 
31 x 21 x 3 
4 x 3} x 31 
4 X 31 x 31 
41 x3} x4 
41 x 31 x 4 
51 x 31 x 41 
51 x 4 x 41 

Ref. 
No. 

Current Secondary Tops 

112 0.5A 0- 12- 15- 24 -30V 
79 I.OA 

3 2.0A 
20 3.0A 
21 4.0A 
51 5.0A 

117 6.0A 
88 8.0A 
89 10.OA 

Ref. 
No. 

02 
03 
04 
05 
06 

50 VOLT RANGE 
PRIMARY VOLTAGE 200 -250V- SECONDARY 
Current Secondary Taps Dimensions 

inches 
0.5A 0- 19- 25- 33- 40 -50V 21 x 21 x 21 
1.0A 31 x 21 x2' 
2.0A .. 4 x31 x31 
3.0A 4 x 4 x 31 
4.0A 41 x 41 x4 

07 6.0A 41 x 41 x S} 
18 8.0A 51 x SI x 4; 
19 10.0A 61 x 41 x 63 

Ref. 
No. 

24 
26 
27 
25 
23 
40 
20 
21 
22 
89 

60 VOLT RANGE 
PRIMARY VOLTAGE 200-250V-SECONDARY 
Current Secondary Tops Dimensions 

inches 
0.5A 0- 24- 30- 40- 48 -60V 31 x 3; x 21 
I.SA 31 x3 x3 
2.0A 4 x 31 X 31 
3.0A .. 41 x 31 x4 
4.0A 41 x 31 x 41 
5.0A 51 x5 X 51 
6.0A 51 x41 x 43 
8.0A 5; x51 x41 

10.0A ,. 61 x 5 x 63 
12.0A 5{t x 6i x 61 

VOLTAGE 12V 
Weight Price 
lbs. ors. I -24 25 -99 

12 14/10 13 9 
1 0 17/6 16 2 
1 0 1711 21 4 
2 0 208 26 6 
2 4 324 29 II 
3 2 36 II 341 
3 12 39 - 36 1 

4 6 44 1 40 8 
6 3 51 3 475 
7 8 79 - 73 1 

11 13 1006 9211 
16 12 185 6 171 7 

VOLTAGE 14V 
Weight Pace 
lbs. ors. 1 -24 25 -99 

12 14,10 139 
I 7 13/1 21 4 
2 4 32 :4 29 11 

3 6 39'- 36 I 

4 6 441 408 
5 12 SI :3 47 5 
6 3 61:6 56 11 

7 8 79,- 73 1 

II 13 10016 92 11 

16 12 IE5/6 171 7 

VOLTAGE 30V 
Weight Price 
lbs. ors. I -24 25 -99 

I 4 17 6 16 2 
2 0 237 21 10 
3 2 31 10 29 4 
4 6 43 1 39- 
6 0 513 475 
6 8 63 1 58 4 
7 8 75 10 70 1 

9 6 100 6 92 11 

12 2 124 I 114 8 

VOLTAGE 50V 
Weight Price 
lbs. ozs. 1 -24 25 -99 

I II 23/1 214 
2 10 33/10 31 4 
5 0 46/8 43 3 

6 0 63i7 58 8 
9 4 84i- 77 8 
12 4 124;1 114 8 
le 9 1621- 149 10 
19 12 2031 - 187 8 

VOLTAGE 60V 
Weight Price 
lbs. ozs. I -24 25 -99 

2 4 13/7 21 10 
3 0 32110 30 4 

7 0 
10 6 
13 4 
16 12 
20 3 
23 2 
31 0 

75110 70 I 

10016 92 11 Ill /- III II 
145/7 134 7 
19218 177 8 
241 /- 223 - 

289 6 267 6 

MAINS ISOLATING RANGE 
PRIMARY VOLTAGE 200 -230V- SECONDARY WINDINGS 240V 

CENTRE TAPPED AND EARTH SHIELDED 
Ref. Rating For alternative 115 Volt Dimensions Weight 
No. V.A. Secondaries quote Ref. No. inches lbs. ors. 
100 60 91 4 x 31 x 3/ 4 I 

61 100 92 4 x 33 x 31 5 I 

30 200 93 41 x 4 x 4 9 I 

62 250 94 3; x 5 x 43 12 
55 350 95 53 x 53 x 43 17 
63 500 96 61 X 41 x 61 27 
96 750 97 5{} x 61 x 61 31 
92 1000 98 7 x 61 x 81 40 
97 1250 99 7 x 7 x 81 47 

128 2000 200 93 x 81 x 6 63 
129 3000 201 84 x 83 x 8 84 
190 6000 202 123 x 14 x 61 178 

Carriage and Packing Extra 

WE ALSO OFFER A PROTOTYPE AND 
PRODUCTION WINDING SERVICE. 

STOCKISTS OF ELECTROSIL GLASS TIN OXIDE RESISTORS 

COMPREHENSIVE RANGE OF INDUSTRIAL VALVES AND 
SEMICONDUCTOR DEVICES ALWAYS IN STOCK 

Price 
1 -24 25 -99 

37,5 34 7 
45,7 42 6 
82;6 76 4 

100111 93 3 

137,4 127 - 

14,E 180 1 

27718 156 9 
358;1 331 8 
440/8 407 7 
»3;2 548 7 
927,7 857 II 

1,52412 1.409 7 

LIND -AIR OPTRONICS 
(INDUSTRIAL) LTD. 
ELECTRONIC COMPONENT DISTRIBUTORS 
6 -1 2 TUDOR PLACE, LONDON, W.1 
Telephone: 01- 6371601 (10 lines) Telex 27931 

WW -019 FOR FURTHER DETAILS 
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DC -AC and DC -DC TRANSVERTORS 
For 110-220V DC operation 

Fully transistorised and incorporating the latest high voltage (up to 1,500V) 
Transistors. Now available with outputs of up to 500W. This range of trans - 
vertors are available with sine. square wave and low voltage DC outputs for 
operating Transistorised Radio Telephones and other electronic equipment. 

Now available for quick delivery: 

Type 
BI10/220/6ORT 

Input volts 
110/220 

Output 
12V SA or 24V 2.5A DC 

Price 
L60 

B110/220/305 1 10/220 115 -230V 30W 50 Hz + -}Hz £48 
Sine wave 

BI I0/220/605 110/220 115 -230V 60W 50Hz } -fHz £64 
Sine wave 

8110/220/60T 110/220 1151220V 60W 50Hz -3Hz C44 
Square wave 

Similar units are available to operate from 12, 24 and 50V DC supplies. 

Ili 
For further details send for leaflet WC9 

VALRADIO LTD. 
Dept. WC9, BROWELLS LANE, FELTHAM, MIDDLESEX, ENGLAND 

Telephone : 01 -890 4242 or 4837 

Type BI 10 220 GORT 

V V V V V V V V V V V V 

WW-020 FOR FURTHER DETAILS 

Nombrex accuracy! 

in the palm of your hand 
- RANSISTORISED- COMPACT -MODERN STYLING 

Standard Model 29 -S 

1501017 220 MHz on fundamentals 

Eight clear scales Total length 40" 
Smooth vernier tuning -ratio 7} 1 

Magnifier cursor -precision tuning 

Overall accuracy, better than 1.5% 

Modulation, variable depth and frequency 

1 Price £20.0 0 

Mal Check Model 29-S 

All the features of the Model 29 -S 

AND 

Integral Crystal Oscillator providing 

calibration check points throughout 

all ranges For adjustment of scale 

accuracy to 0 02% 

araef 27 . 10-0 

Illustrated R F SIGNAL GENERATOR MODEL 29, Spin Wheel Tuning f 1 -0 -0 extra 

Trade & Export enquiries welcome. Send for full 
technical leaflets. Post and Packing 6/6 extra 

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

WW-021 FOR FURTHER DETAILS 
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VALUABLE NEW HANDBOOK 

ZITO AMBITIOUS ___TO 

ENGINEERS 
Have you had your copy of "Engineering Opportunities "? 

The new edition of "ENGINEERING OPPOR- 
TUNITIES" is now available -without charge -to 
all who are anxious for a worthwhile post in Engineer- 
ing. Frank, informative and completely up to date, 
the new "ENGINEERING OPPORTUNITIES" 
should be in the hands of every person engaged in 
any branch of the Engineering industry, irrespective 
of age, experience or training. 

On `SATISFACTION OR 
REFUND OF FEE' terms 

This remarkable book gives details of examinations, 
and courses in every branch of Engineering, Building, 
etc., outlines the openings available and describes our 
Special Appointments Department. 

WHICH OF 
YOUR PET 

ELECTRONIC ENG. 
Advanced Electronic Eng. - 
Gen. Electronic Eng. - Applied 
Electronics - Practical Elec- 
tronics - Radar Tech. - 
Frequency Modulation - 
Transistors. 

ELECTRICAL ENG. 
Advanced Electrical Eng. 
Gen. Electrical Eng. - Instal- 
lations - Draughtsmanship - Illuminating Eng. - Refrig- 
eration - Elem. Electrical 
Science - Electrical Science - 
Electrical Supply - Mining 
Electrical Eng. 

CIVIL ENG. 
Advanced Civil Eng. - Gen. 
Civil Eng. Municipal Eng. - 
Structural Eng. - Sanitary 
Eng. - Road Eng. - Hy- 
draulics - Mining - Water 
Supply - Petrol Tech. 

THESE IS 
SUBJECT? 
RADIO ENG. 
Advanced Radio - Gen. Radio 
Radio & TV Servicing - 
TV Eng. - Telecommunica- 
tions - Sound Recording - 
Automation - Practical Radio 
-Radio Amateurs' Exam. 

MECHANICAL ENG. 
Advanced Mechanical Eng. - 
Gen. Mechanical Eng. - 
Maintenance Eng. - Diesel 
Eng. - Press Tool Design - 
Sheet Metal Work - Welding - Eng. Pattern Making 
Inspection-Draughtsmanship- 
-Metallurgy - Production 
Eng. 

AUTOMOBILE ENG. 
Advanced Automobile Eng. - 
Gen. Automobile Eng. - Auto- 
mobile Maintenance - Repair 
-Automobile Diesel Mainten- 
ance - Automobile Electrical 
Equipment - Garage Manage- 
ment. 

THIS BOOK TELLS YOU 

* HOW to get a better paid, more interesting job. 

* HOW to qualify for rapid promotion. 
* HOW to put some letters after your nome 

and become a key man ... quickly and easily. 

* HOW to benefit from our free Advisory and 
Appointments Depts. 

* HOW you can take advantage of the chances 
you are now missing. 

* HOW, irrespective of your age, education or 
experience, YOU can succeed in any branch of 
Engineering. 

164 PAGES OF EXPERT 
CAREER -GUIDANCE 

PRACTICAL 
EQUIPMENT 

Basic Practical and Theo- 
retic Courses for begin- 
ners in Radio, T.V., Elec- 
tronics, etc. A.M.I.E.R.E. 
City & Guilds Radio 
Amateurs' Exam., R.T.E.B. 
Certificate, P.M.G. Cer- 
tificate, Practical Radio, 
Radio & Television Ser- 
vicing, Practical Elec. 
tronics, Electronics 
Engineering, Automation. 

INCLUDING 
TOOLS 

The specialist Elec- 
tronics Division of 
B.I.E. T. 
NOW offers you a 
real laboratory train- 
ing at home with 
practical equipment. 
Ask for details. 

B.I.E.T. 

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN- 
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU- 
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC. 

Which qualification would increase your earning power? 
A.M.I.E.R.E., B.Sc. (Eng.), A.M.S.E., R.T.E.B., A.M.I.P.E., 
A.M.I.M.I., A.R.I.B.A., A.I.O.B., P.M.G., A.R.I.C.S., 
M.R.S.H., A.M.I.E.D., A.M.I.Mun.E., C.ENG., CITY & GUILDS, 
GEN. CERT. OF EDUCATION, ETC. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

446A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE 

You are bound to benefit from reading 
"ENGINEERING OPPORTUNI- 
TIES." Send for your copy now -FREE 
and without obligation. 

POST COUPON NOW! 
TO B.I.E.T., 446A ALDERMASTON COURT, 

ALDERMASTON, BERKSHIRE. 

Please send me a FREE copy of "ENGINEERING 
OPPORTUNITIES." I am interested in (state subject, 
exam., or career). 

NAME 
ADDRESS 

WRITE IF YOU PREFER NOT TO CUT THIS PAGE 

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD 
WW-022 FOR FURTHER DETAILS 
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RADF=ORD 
AUDIO AMPLIFIERS 

A range of high quality audio amplifiers is available to comprise a complete 
system for the recording and reproduction of sound from any type of input 
source. Amplifiers are of modular construction using plug -in printed wiring 
boards having hard electro -gold plated contacts and immersion gold plated 
conductors. Mechanical build is of the highest standard. The quality of 
materials and components is to MIL specification where possible, or the 
best available. Performance characteristics are unmatched and in advance 
of present day requirements. Performance diagrams of the SC24 pre- 
amplifier, and PA50 and SPA50 power amplifiers below illustrate this. 

Pre- amplifier Control Unit SC24 
A comprehensive stereophonic pre -amplifier control unit having extensive 
facilities and flexibility. Total distortion less than 0.01% at 1 Volt output 
with progressive reduction with input level. Price: £80.0.0 

SC.24. SQUARE WAVE PERFORMANCE INCLUDING TONE CONTROLS 

J 
1 OO Hz 

J 
'kHz IOkH: 

Power Amplifiers PASO and SPAN 
Single or dual channel amplifiers having identical characteristics. Low 
distortion true complementary symmetry output stage. Fully protected by 
voltage and current sensing in the power amplifier proper, and current 
limiting in the power supply. Rating 50 watts per channel continuous 
sine wave output. Price: PA50 £55.0.0; SPA50 £85.0.0 

PASO / SAASO SQUARE WAVE PERFORMANCE 5OHM LOAD 

dB 

O 

6 

100Hz MHz IOkHz IOOkHz 

FREOUENCY RESPONSE AT SO.W. OUTPUT INTO BONNS. 

20NI 100 kHz 105 It 
FREQUENCY 

0I 
.005 

001 

1. 
075 
0S 

01 

100 kHz OSMHz 

DISTORTION.Y.POWER OUTPUT INTO S OHMS I kHz. 

10 20 30 
WATTS 

40 

DISTORTION FREQUENCY AT 4O.W. OUTPUT INTO S OHMS. 

50 

20 Hz 

WATTS 

SO 

60 
40 
20 
O 

o 

POWER 

100142 IkHz 
FREQUENCY 

101c Ms 20 

OUTPUT. . LOAD RESISTANCE AT ONSET OF CLIPPING 

10 

OHMS 

15 20 25 

Radford audio equipment is available for home use through franchised 
dealers in the U.K. and for professional and commercial use direct. 

RADFORD AUDIO LTD. 
BRISTOL BS3 2HZ 

WW -023 FOR FURTHER DETAILS 

STOCKISTS 

MODEL 8 1t K. Ill 

S11111\11\011. ]I6. Is 

REPAIR SERVICE 
7 -14 DAYS 

We specialise in repair, 
calibration and conversion 
of all types of instruments, 
industrial and precision 
grade to BSS.89. 

Release notes and certifi- 
cates of accuracy on request. 

Suppliers of Elliott, Cambridge and Pye instruments 

LEDON INSTRUMENTS LTD 
76 -78 DEPTFORD HIGH STREET, LONDON, S.E.8 

Tel.: 01 -692 2689 

E.I.D. & G.P.O. APPROVED CONTRACTOR TO H.M. GOVT. 

WW-024 FOR FURTHER DETAILS 

the choice in over 
50 different countries! 
Teonex electronic valves and semi -conductors 
are supplied all the world over where quality 
and reliability count. 

Teonex offer a comprehensive range of receiving, 
professional and special quality valves. Whether 
you require a device to mil specifications for 
government work or a commercial device for 
replacement in a television set, Teonex products 
are equally suitable. 

For technical specifications and price lists, 
please write to Teonex Limited 
2a Westbourne Grove Mews 
London W.11 England 
Cables: Tosuply London W.11. 

TEONEX 
electronic valves & 
semi -conductors 

EXPORT ENQUIRIES ONLY 

TEONEX 

WW -025 FOR FURTHER DETAILS 
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WAYNE KERB 
A.F. Transformer Ratio -Arm Bridges 

Slide -rule LCR Bridge has ten overlapping ranges for rapid 
1% measurements of and component, also tolerance and phase 
angle. Switch selects 11,Hz or 100/120Hz operation. 2, 3 and 
4- terminal connections 

B500 

Autobalance Capacitance Bridge gives direct readout 
from 0.1pF to 10µF and will follow a changing value. Com- 
prehensive facilities for 'zero suppression' and comparative 
measurements. Analog voltage and current outputs. Accuracy 
0.25 %. Internal 1 kHz source /detector. A.C. or battery operation. 

B541 C 

Autobalance Component Bridge for immediate readout of 
resistance, capacitance and shunt loss, inductance and series 
loss. C and R comparisons from -25% to -? -25 %. Electrolytics 
tested with d.c. Accurzcy 0.25% (R & C), 2% (L). Internal 
1 kHz source /detector. 

B421 

Universal Bridge for 0.1% measurements of aiy LCR 
combination from 20 micro -Dims to 500 gigohms. Source/ 
detector (1592Hz) operate from a.c or internal rechargeable 
battery. Sockets for external 2001- z- 50kHz. Display gives 
units, zeroes and decimal po nt. Four- terminal cornections 
from Adaptor Q221 for accurate low impedance meastrements. 

8221 

Autobalance Universal Bridge for continuous 0.1 % readout 
of in -phase and quadrature terns, with analog outputs of both. 
Backing -off facilities, DVM connections, optional ECD out- 
puts. Push - buttons for optimum ciscrimination up to five 
figures. Illuminated readout. 

B641 . r gols .... 
Autobalance Precision Bridge accurate to 0.01% 
though simple to operate. It rr easures virtually any neaning- 
ful immittance in any quadrant. Automatic compensation for 
measurement lead impedance. S x- figure discrimination. 
Analog outputs. 

B331 

THE WAYNE KERR COMPANY LIMITED 
NEW MALDEN SURREY ENGLAND 

Telephone 01 -942 2202 
Cables VW- ynker.. Malden 
Telex 262333 

WW-026 FOR FURTHER DETAILS 
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H¡ ¡H ELECTRONIC 
Industrial Site Milton Cambridge CB4 4AZ Tel. 63070 

WW-027 FOR FURTHER DETAILS 

TELEPRINTERS U PERFORATORS 

REPERFORATORS' TAPEREADERS 

DATA PROCESSING EQUIPMENT 
SALE OR HIRE 

2- 5 -6 -7 -8 TRACK AND 
MULTI WIRE EQUIPMENT 

tipmal ('odes Prepared 

TELEGRAPH AUTOMATION AND COMPUTER PERIPHERALACCESSORIES 
OATH. MODEM TERMINALS ,TELEPRINTERSWITCHBOAROS 

Picture Telegraph. Desk Fax. Morse Equipment: Converters 
and Stabilised Rectifiers; Line Transformers and Noise Suppres- 
sors; Tape Holders, Pullers and Fast Winders; Governed, 
Synchronous and Phonic Motors; Teleprinter Tables and 
Cabinets; Silence Covers; Distortion and Relay Testers; 
Send/Receive Low and High Pass Filters; Teleprinter, Morse, 

Teledeltos Paper, Tape and 
Ribbons; Polarised and special- 
ised Relays and Bases; 
Terminals V.F. and F.M. 
Equipment; Telephone Carriers 
and Repeaters; Diversity; Fre- 
quency Shift, Keying Equipment; 

Racks and Consoles; Plugs, Sockets, Key, Push, Miniature and 
other Switches; Cords, Connectors, Wires, Cables, Jack and 
Lamp strips, and Switchboard Accessories; Teleprinter Tools; 
Stroboscopes and Electronic Forks; Cold Cathode Matrics; 

Test Equipment: Miscellaneous Accessories. Teleprinter and 

Teletype Spares. 

W. BATEY & COMPANY 
Gaiety Works, Akeman Street. Tring, Herts 

Tel Tring 3476 (STD 0442 821 Cobb. e RANNO TRING 

Telex: 82362, A, B BATEY TRING 

WW -028 FOR FURTHER DETAILS 

STAN 
BENDING 
CLAMP 

An easily adjusted hand tool for the accurate bending of 
resistor, capacitor, diode leads, etc., for printed circuits. 
Will bend leads to within Tom" of ends of components and 

up to 31" centres. 

rilic1P1 
Infinitely adjustable between 0" and 
11" to suit component body length. 
All type lead diameters accom- 
modated. Overall Dimensions 

á" X 3f" X 
41 

Price: 57/6d. 

TRIO INSTRUMENTS LTD., 
BURNHAM ROAD, 
DARTFORD, KENT. Telephone: Farnlnyhan, 2082. 

WW -029 FOR FURTHER DETAILS 
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polymericA 
- or 7o ways of shrinking your sealing, 

jointing and encapsulation costs! 

*Mnemopolymerics - 
the science of 
heat -shrinkable 
polymers with a 
built -in memory - 
perfected after many 
years of research and 
development by 
Hellermann- Electric. 

The Helashrink ® 

range of Moldanized ® 

Shapes gives you 
the fast, low -cost answer to encapsulation of 
electrical connectors; water sealing of cable 
glands; cable jointing; sealing 
crutches on power cables; covering 
spurs in wire harnesses and cable. 

More than 70 standard shapes are 
available and specials can be supplied 
to meet your particular needs. 

Shrinking is fast - by heat gun, 
gas flame or infra -red ovens. 

Moldanized Shapes have excellent electrical 
properties. They add strength, insulation, 
abrasion and moisture protection - resist acids, 
alkalis and contaminants. 

Other Helashrink 
products: sleeves, 
cable markers, tubing 
and end caps. They 
shrink quickly, grip 
tightly, conform 

evenly - cut cable 
binding and 
sleeving costs! 

Moldanized Shapes came in 
shrink ratios up to 5:1 ,. giving 
you room to work .. . 

a17 

and shape up 
tightly to the form required. 

with heat applied. 
they shrink quickly 
and evenly .. . 

j Shrink -it- yourself kit FREE 
1 

Please send me your free Mnemopolymeres Demonstration Kit plus full 
details of Helashrink Moldanized Shapes. 

I Name 

Company 

IAddress 

(All you need is a match) 

WW 8/70 

WORLD LEADERS IN CABLE ACCESSORIES 

ELLERMANN ELECTRIC 
A division of Bowthorpe- Hellermenn Lid. 

Gatwick Road, Crawley, Sussex. Tel : Crawley 28888 

L_ A member of the Bowthorpe Holdings Group of Companies 

WW -030 FOR FURTHER DETAILS 
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E-7 

your 

`Jn QUALITY 
L] 
rn assurance 
lJ 

W 

the name T. 
at the in 

L J 

D °J s 

ERNEST TURNER 
ELECTRICAL INSTRUMENTS LTD. 
TOTTER IDGE AVENUE 
HIGH WYCOMBE 
BUCKS. ENGLAND. 
Telephone 30931 /4 

vv\\, vvV\, 
POWER UNITS 

Now available with 3 OUTPUTS making these units 
more versatile for: 

DEVELOPMENT PRODUCTION TESTING SERVICING 

Type VRU130120'- £1 44.7.0 
*-OUTPUT 1, 0 -30V 20A DC. 

Will provide accumulator performance from AC 
mains for production testing and servicing of 
battery operated equipment. Output continuously 
variable 0 -30V at up to 20A. 

*OUTPUT 2, 0 -70V 10A AC. 

For the testing and devolopment of low voltage AC 

equipment. 

;:OUTPUT 3, 0 -250V 4A. 
Continuously variable AC mains supply voltage for 
testing equipment at various voltages. 

Send for publication WPU9 

VALRADIO LTD. 
Dept. WPU9, BROWELL'S LANE, FELTHAM, MIDDLESEX, ENGLAND 

Telephone: 01 -890 4242 

V V V V V V V V V V V V WA 
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0 ff . 

\,,,4.4.4,,,, 
And how to stop it 

First, measure it - on the Rank Studio Flutter Meter. 
The Type 1740 measures accurately the degree 

of Wow and Flutter on sound recorders 
and reproducers. 

For more information write to: 

ß, RANK 

FILM 

EQUIPMENT 
Rank Audio 
Visual Limited 
P.O. Box 70 
Great West Road 
Brentford, Middx. 
Tel 01 -568 9222 

WW -032 FOR FURTHER DE'1'A1LS 
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TRIO'S IS-h510 
LJLTRkACCURAIE T 

PS-510 TS-510 

TRIO's TS -510 has opened countless SSB vistas 
through its creative design that enables it to 
operate at constant maximum power with top 
durability. This transceiver uses a high frequen- 
cy crystal filter and covers all ham bands from 
3.5- 29.7MHz. Because the TS -510's frequency 
coverage has been compressed to 25KHz for 
one complete dial rotation, tuning in on SSB 
signals is easy. By using TRIO's PS -510 (Power 
supply and speaker) and VFO -5D (Variable fre- 
quency oscillator) optimum results may be ob- 
tained. The PS -510 operates on an AC power 
supply through a 6 -1/2" speaker. The VFO -5D 
has a double -gear dial covering 25 KHz per 
rotation. 

the sound approach to quality TRIO 
TRIO ELECTRONICS, INC. 

VFO-5D 

TS -510 SSB TRANSCEIVER 
Receive and Transmit Frequencies: 

3.5MHz- 29.7MHz 
Receive Sensitivity: 

0.5¡íV, S/N ratio of 10dB at 2.5MHz -21MHz 
1.5µV, S/N ratio of 10dB at 28MHz 

DIMENSIONS: 13 "(W), 7 "(H), 13- 5/8 "(D). 

VFO -5D VARIABLE FREQUENCY OSCILLATOR 
Frequency Range: 3.5MHz- 29.7MHz 
Oscillator Method: VFO unit -clapp Osc. Circuit Xtal 

Osc. Unit -Pierce C -B Circuit 
DIMENSIONS: 7- 7/8 "(W), 8- 21/32 "(H), 7- 9/16 "(D). 

PS -510 POWER SUPPLY AND SPEAKER 
Designed as an A.C. power supply unit exclusively 

for the SSB transceiver TS -510 6 -1/2" communication speaker is incorporated 
DIMENSIONS: 8 "(W), 7.1/8 "(H), 14- 5 /8 "(D). 

TRIO KENWOOD ELECTRONICS S.A. 
160 Ave., Brugmann. 1060 Bruxelles, Belgium 

Sole Agent for the U.K. 
B.H. MORRIS 3 CO., (RADIO) LTD. 
84/88, Nelson Street, Tower Hamlets, London E.1. Phone: 01 -790 4824 

WW-033 FOR FURTHER DETAILS 
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AUDIO MEASURING INSTRUMENTS 
Two instruments having a superior performance than any 
others of this type regardless of price. Now accepted as 
standard equipment by Broadcasting Authorities, recording 
studios, magazine equipment test laboratories, and audio 
research and development laboratories all over the world. 

LOW DISTORTION OSCILLATOR 

An instrument of high stability providing very pure sine 
and square waves, in the range of 5 Hz to 500 kHz. 
design using valves and semiconductors. 
Specification 
Frequency Range: 
Output Impedance: 
Output Voltage: 
Output Attenuation: 
Sine Wave Distortion: 

Square Wave Rise Time: 
Monitor Output Meter: 
Mains Input: 
Size: 
Weight: 
Price: 

waves, 
Hybrid 

5 Hz -500 kHz (5 ranges). 
600 Ohms. 
10 Volts r. m.s. max. 
0 -110 dB continuously variable. 
0.005% from 200 Hz to 20 kHz increasing to 

0.015% at 10 Hz and 100 kHz. 
Less than 0.1 microseconds. 
Scaled 0 -3, 0 -10, and dBm. 
100 V. -250 V. 50/60 Hz. 
17; 11 9 in. 
25 Ib. 
C150. 

DISTORTION MEASURING SET 

ts. 
. k. 

aasaras 
e,areenne ,.a.a.. 

t- 

A sensitive instrument for the measurement of total harmonic 
distortion, designed for speedy and accurate use. Capable of 
measuring distortion products as low as 0.002 %. Direct reading 
from calibrated meter scale. 
Specification 
Frequency Range: 
Distortion Range: 
Sensitivity: 
Meter: 
Input Resistance: 
High Pass Filter: 

20 Hz -20 kHz (6 ranges). 
0.01 % -100% f.s.d. (9 ranges). 
100 mV. -100 V. (3 ranges). 
Square law r.m.s. reading. 
100 kOhms. 
3 dB down at 350 Hz. 
30 dB down at 45 Hz. 

Frequency Response: 1 dB from second harmonic of rejection 
frequency to 250 kHz. 

Power Requirements : Included battery. 
Size: 17 ;x11 xB in 
Weight: 15 lb. 
Price: C120. 

Descriptive technical leaflets are available on request. 

RADFORD LABORATORY INSTRUMENTS LTD. 

BRISTOL BS3 2HZ 
Telephone: 0272, 662301 

WW-034 FOR FURTHER DETAILS 
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WELWYN TOOLS 

L67 - KIT -GN 

For Inner Core 

Ejection and Heated 

Wirestripping 
Miniature Soldering 
and Electronic 
Instrument Work 

USE W.T.C. Wire Ejectors, 
LUCO Electrically Heated 
Wire Strippers (see illustra- 
tion), Finest Soldering Needles, 
Box Joint Miniature Cutters 
and Pliers including Tip Cutting 
Pliers, Printed Circuit Crimping 
and Cutting Pliers, Torque 
Wrenches and Piercing Punches. 
If you require quality tools 
ask for Catalogue WW'70 

STONEHILLS HOUSE WELWYN GARDEN CITY 

WELWYN GARDEN 25403 

WW-035 FOR FURTHER DETAILS 
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RANGE 

SOLID STATE A.C. MAINS AMPLIFIERS 
employing only high grade components and transistors 

LT55 6 WATT AMPLIFIER 
A High Fidelity unit providing 
excellent results at modest output 
levels. 
Output Rating I.H.F.M. 6 W. 
Frequency Response 30- 20,000 cps 2dB. 

Sensitivity 5 my (max.) 
Harmonic Distortion 0.5 ",, at 1,000 ups. 

Output for 3 -8 -I5 ohm Loudspeakers. 
Input Sockets for 'Mike' Gram and Radio 
Tuner. Tape Recorder. 
Controls (5; Volume, Bass, Treble, Mains 
Switch, Input Selector Switch. 

LT66 12 WATT STEREO 
AMPLIFIER 

A twin channel version of the 
LT55 providing up to 6 watts High 
Fidelity output on each channel. 
Switched Input Facilities Socket (I) Tape 
or crystal PU (2) Radio Tuner (3) Ceramic 
PU Microphone. 
Controls (6) Volume, Bass, Treble, Balance, 
Mains Switch, Input Selector Switch, Stereo 
Mono Switch. 
Facia Plate Rigid Perspex with black /silver 
background and matching black edged knobs 
with silver finish centres. 

PLEASE SEND A STAMPED ADDRESSED ENVELOPE FOR FULL 

DESCRIPTIVE DETAILS 0 ABOVE UNITS. 

Whefeenqu, LINEAR PRODUCTS LTD 
Retail enquiries 

ELECTRON WORKS, ARMLEY, LEEDS 

Recom mended 
Retail price £10 
Size 9ì x 21 x 5i In. Approx. 

If required an attractive wood cabinet with 
veneer finish can b,. . .1I,.,r h,r any mr.lel. 
Prices from LS -10 -0 

Recommended 
Retail price 18 GNS 
Size 12 x 31 x 6 in. Approx. 

Available from your 
Local H1 -Fi Dealer 

WW -036 FOR FURTHER DETAILS 
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S INGLE 
S OURCE 
S ENSE 
OR 

How to get What you Want 
without Having to Try Very Hard 

If your parts requirements are small, and your 
call -off irregular, you have a problem. If, as often 
happens, you want parts quickly, you have 
another problem. 
We are in business to help you solve both, 
quickly. 
As stockholders of an enormous range of 
Radio, Electronic and Electrical Components, 
Metal Pressings, Clips, Fasteners and 
Assemblies by Cinch Dot and FT, we are the 
"single source" for pretty well everything of this 
kind you want in wha'ever quantity you want 
and at short notice. 
Two illustrated catalogues. Thousands 
of stock items are detailed in our two fully 
illustrated catalogues- Fasteners and 
Electronics- either of which will be sent, 
post -free, to firms and organisations. 
Send for yours now, 
stating which catalogue you require. 

Make United -Carr Supplies 
your 

S INGLE 
S OURCE 
for Cinch Dot and FT Radio, Electronic and 
Electrical Components, Metal Pressings, Clips, 
Fasteners and Assemblies. 

United -Carr Supplies Ltd., 
Frederick Road, Stapleford, Notts. 
Sandiacre 2828 STD 060 239 2828 

STOCKISTS 

WW -037 FOR FURTHER DETAILS 

UNITED -CRR 
SUPPLIES 



Take a QUAD 50E 
Amplifier (a good start for any installation) 

plug it into your monitor system and it bridges 60052 

lines to drive your speakers. 
Take that same amplifier and, without changing it in any 
way, plug it into another installation to deliver 50 watts 
into 100 volt line * from a 0.5 volt unbalanced source. 
This versatility and its attendant easing of stocking and 

maintenance problems is one reason why large organis- 
ations use the Quad 50E. 

*or indeed any other impedance from 5 to 250 ohms. 

Other advantages appropriate to users of all 
sizes include: 
Excellent power and frequency response ( -1 dB). 
Low distortion (0.1% at 1 kHz at all power levels). 
Low background (better than 83 dB referred to 
full output). 
Pre -set level control adjustable from front panel. 

Unconditionally stable with any load. 

Proof against misuse including open or short 
circuited output. 
Small size (4}" x 61" x 12e")- 
(120 mm x 159 mm x 324 mm). 
Low price ( £47.0.0 each nett for 1 off to the 
professional user). 

Wireless World, August 1970 

QUAD 
for the closest 
approach to 
the original sound 

Send for details to Dept. W.W., ACOUSTICAL MANUFACTURING CO. LTD., Huntingdon, Hunts. Tel: (0480) 2561 

WW -043 FOR FURTHER DETAILS 
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CHILlI' lI 
2 CHANNEL AUDIO RECORDER 
* 10 watts continuous per channel 
* Fully transistorised on 10 printed circuit boards 
* 3 head system and 3 speeds 19 -9.5 -4.75 cms 
* Mechanism operated by 4 DC solenoids 
* Provision for full remote control 
Robust construction and attention to detail make this an out- 
standing British tape recorder for industrial or domestic use. 

Portable 4 speaker version Oiled Teak surround version 

RELIABLE SHORT CIRCUIT 
PROOF 

UNBEATABLE 
IN VALUE 

MK II 

Send for informative brochure fully explaining: 
1. Why a single motor. 2. Electrical performance. 3 Wow and flutter. 

MAGNETIC TAPES LTD. 
CHILTON WORKS, GARDEN ROAD, RICHMOND, SURREY 

Tel: 01 -876 7957 

WW -044 FOR FURTHER DETAILS 

CALIBRATION PROBLEMS? 

We specialise 
in the repair 
and calibration of 
all proprietary 
and commercial 
test equipment 

We can provide the following services 

FULLY GUARANTEED REPAIR OF 
INSTRUMENTS 
CALIBRATION CARRIED OUT TO 
MANUFACTURERS' SPECIFICATION 
ALL TYPES OF MULTI -METERS, INC. 
AVOMETERS, REPAIRED 
REPAIR SERVICE 7 DAYS 
WIRING AND SHEET METAL FACILITIES 

Write or 'phone 

FIRNOR -MISILON LIMITED 
10 COMMERCE LANE, LETCHWORTH, HERTS 

Tel: 6069 

WW -045 FOR FURTHER DETAILS 
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ORYX 
""C\". 

MODEL SR1 
641-1 

MODEL 
solder remover 

Ideal for printed circuit work 

and integrated circuits 
79,6 

MODEL SR2 
with non recoil 

action 
826 

are 
trumps! 

'Hot' wire 
stripper for 

P.T.F.E. 
insulation. 

24 v operation. MODEL 6A 
27/6 

The smallest 
low voltage 

soldering iron, ideal for Printed 
Circuit work. 
6v.6 watts. 

Thermostatically miniature controlled 
soldering iron. 50 watts. 

5 bit sizes -" _ } 

Available for 12v. 

24v, 110v and 

210/2500. operation 

Full details of 
these and other 
instruments 
from the Sole 
U.K. and Export 
distributors. 

MODEL M1 
35/- 

A miniature 
mains voltage 
soldering Iron 

1C watts. 5 b r sizes 

210/250v 
_ 

} 
operation 

W.GREENWOOD ELECTRONIC LTD. 
21, GERMAIN STREET, CHESHAM, BUCKS 

TELEPHONE: CHESHAM 4808 9. 

WW -046 FOR FURTHER DETAILS 
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UlEL 
The S20 range of metal oxide resistors is 1/2 Watt (70 °C) rating, 
available in E24 range of values from 10 Ohms to 1 Megohm 
with a 2 %tolerance. They may be used as general purpose, high 
stability or semi - precision resistors dependant on the rating 
employed. Identical in format with established types they are 

readily available at a competitive price, for example, 4d each at 

100 pieces. Wels Fargo get your shipment through. 

WEL COMPONENTS LTD 
5 LOVEROCK ROAD. READING, RG3 'IDS 

Tel. 58061619 Telex 84529 
MINISTRY OF TECHNOLOGY APPROVED DISTRIBUTOR 

WW -047 FOR FURTHER DETAILS 

Video Spray 90 
cleans tape heads- 

in operation 

A quick squirt of Video -spray 
90 and your tape heads and 

gaps are rapidly cleaned. 

And you can use Video -spray 90 whilst the machine is in 

operation. It dissolves even hardened dirt by simultaneous 
physical and mechanical action. 

99.8% pure. Video -spray 90 can be used safely with any 
video or sound recording machine. The spray doesn't attack plastics. 

is electrically non -conductive and is not inflammable 
Supplied in 2.5 oz. and 6oz. cans 

Available through your Retailer or direct from 

.... 

Special Products Distributors Ltd. 
81 Piccadilly. London Vv 1 V OHL Tel. 01 629 9556 

WW -049 FOR FURTHER DETAILS 
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"CONTROLOX" PROGRAMMING SYSTEM 
The "Controlox" Programming System is provided in 

modular form and offers up to six planes of contact. The 
programming area can be supplied to customers' configura- 
tions, utilising the standard 10 x 10 socket point modules. 
The system features many ancillaries, including fully 
colour -coded component and shorting pins and a bezel 

frame to facilitate fixing. 

Applications include. 

computer memories 
cordless patch panels 
machine tool control 
vending machines 
data channelling and logging 
studio lighting control 
process control 

OXLEY DEVELOPMENTS COMPANY LTD. 
'Priory Park, Ulverston, North Lancs., England 

Tel: Ulverston 2621 Telex: 6541 Cables: Orley Ulverston 

WW-048 FOR FURTHER DETAILS 
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We supply B.A. Screws, etc. in brass, steel, stainless, 
phosphor bronze and nylon to laboratories throughout 
the Commonwealth. 
Whitworth, unified and metric threads are also 
available from stock in many sizes. 

Please send for List W2/69 (WW) 

WALKER- SPENCER COMPONENTS LTD. 
5, High Street, Kings Heath, Birmingham, 14. 

Telephone: 021 -444 3155 (Sales) and 5278 

.4! 

NS 55 -050 FOR FURTHER DETAILS 

ENCAPSULATION 
low tool cost method for cylindrical 
coils and potting. Enquiries 
also for- 

REED RELAYS . 
SOLENOIDS 
COIL WINDING 
TRANSFORMERS 
to 8 K.V.A. Relay module 12 -way 

MS" range 

ititY ILVElgY 
Knapps Lane, Bristol 5. 0272 657228 

WW-o51 FOR FURTHER DETAILS 
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It's new and great from Shure... 

the most-for-your-money 

588 eries 
Unisp ere B 

This is the one. The mike with the most. 
A new fine quality Unisphere 

that gives you maxi features at a mini price. 
See what you get 

Trouble Free C -type 
Connecter 

A feature you would usually 
expect to find only on 

higher -priced microphones. 

Superior "Pep" Convenient hoist -lit Superb Feedback 
Ibjecti.0 On -08 Switch Control 
Built-in filter suppresses explosive With a useful provision for locking Truecarcioid pickup pattern - 
breath sounds and wind noise - the switch in the 'ON" symmetrical about axis end uniform at 

without additional windscreens. position. all frequencies. 

Plus shock - mounted cartridge for quiet operation. 15ft. cable. Swivel adapter. Rugged 
construction. Easy on- the -spot servicing. 
You can use the Shure 588 anywhere. Indoors or out. For any purpose. Public speakers. 
Orchestras. Small combos. Vocalists. Every time you get natural.'lifelike reproduction. 
Its a Unisphere through and through! 

at a mini pries... 
Model 588SA (high impedance) b 588SB (low Impedance) Unisphere B undirectionol 
dynamic microphones. 

SHURE setting the world's 
standard in sound 

WW -052 FOR FURTHER DETAILS 

Shure Electronics Ltd. 
84 Blackfriars Road, London SEI. 
Tel: 01 -928 3424. 
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380 400 420 
CYCLES P 

used as standards in many industries 
Accurate to 0.3% or 0.1% as 
specified 

Not sensitive to voltage or temperature 
changes, within wide limits 

Unaffected by waveform errors, load, 
power factor or phase shift 

Operational on A.C., pulsating or 
interrupted D.C., and superimposed 
circuits 

Need only low input power 

Compact and self- contained 

Rugged and dependable 

Anders means meters 

FRAHM Resonant Reed 
Frequency Meters are available 
in plastic and hermetically 
sealed cases to British and 
U.S. Government approved 
specification. Ranges 
10 -1700 Hz. Literature on 
these meters and Frahm 
Resonant Reed Tachometers 
available on request. 
Manufacture and Distribution 
of Electrical Measuring 
Instruments and Electronic 
Equipment. The largest stocks 
in the U.K. for off-the -shelf dellv.'r 

RIMERS ELECTRDmCS LIMITED 

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

WW -053 FOR FURTHER DETAILS 

A T E 
PRONOUNCED R -TEZ 

SEMICONDUCTORS 

Write now for catalogue 

ATES ELECTRONICS LTD., MERCURY HOUSE, 
PARK ROYAL, LONDON W5 

TEL 01 998 6171 TELEX ATES LONDON 262401 

WW -054 FOR FURTHER DETAILS 
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For the best 
electrical contacts 
This latest edition of Electrical Who's Who is 
completely updated. Over 8,500 entries include 
key names in all branches of the industry : supply, 
manufacturing, contracting, consulting and 
trading -as well as in Government Departments, 
Universities, Technical Colleges and other 
bodies. It is the only publication of its kind. 
Absolutely indispensable to all who need an 
up -to -date guide to individuals, firms and 
organizations. 
Size: 9" x 6 ". 512 pages. Price 65s. By post 69s. 6d 
Obtainable from: Electrical Who's Who, 
Dorset House,Stamford St., London SE1 

Electrical 

WH 
WH 
1970/71 

Presenting 
t PIERCER AVONLEA 

A versatile, simple, hand operated machine 
specifically designed for cutting a large variety 
of shapes in light gauge sheet metal. 

The ease of operation and range of easily interchanged 
attachments provides a wide application of uses for the 
cutting, punching, bending and forming of sheet metal and 
other similar materials, and it is this versatility that makes 
it particularly suitable for the radio, T.V. Electronics 
Industries, and Research Establishments. 
For further details write or phone: 

ESMANCO LTD BROOK STREET GLOSSOP 
DERBYSHIRE. Telephone Glossop 5427 

WW -055 FOR FURTHER DETAILS 

communi- 
cations 
antenna 
matching 

1kW Power Belun Type 6720 

HATFIELD BALUN 

Completely New Range! 
POWER BALUNS 
PASSIVE MULTICOUPLERS 
HYBRID TRANSFORMERS 

Features of the 1 kW Power Balun illustrated include pressurised 
construction, corrosion - resistant cases, frequency range to 30M HZ. 
power range to 3kW P.E.P.. alternative terminations. Write now for 
Data Sheets and for the latest edition of the Hatfield Short Form 

Catalogue. 

HATFIELD INSTRUMENTS LTD. 
Dept. WW, Burrington Way, Plymouth, Devon PL5 3LZ. 
Telephone: Plymouth 10752) 72773/5 TNax: 45592 Telegrams: Siglen, Plymouth 

South East Asia for prompt service and deliveries, contact 
Hatfield Instruments (NZ) Ltd . P 0 Box 561. Napier, New Zealand 

WW -056 FOR FURTHER DETAILS 
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This was a Morganite type 
81 E Cermet Trimming 
Potentiometer that 
didn't make it. 

Shame really. 
The more so because this 
particular specimen had 
already survived several 
rigorous mechanical and 
electrical tests. But then, 
we are unusually strict at 

Crash Dive 
Morganite, because our 
customers like it that way. 

Another thing they like is 
having the right products at 
the right time, complete 
with full technical 
information to match. So our 
constant research and 
development is more than an 
ivory -tower luxury -it's a 

common -sense necessity. 

We reckon that reliable 
delivery makes sense too. 
As you'll see when you ring 
us for samples for evaluation 
or development projects. 
Then you can put our Cermet 
Trimming Potentiometers 
through your test routine 
and watch how they stand 
up to it. 
You'll like what you see. 

co 
MORGANITE RESISTORS LIMITED 

Bede Industrial Estate, Jarrow, County Durham 

Telephone : Jarrow 897771 Telex : 53353 

e Morgan 

WW-057 FOR FURTHER DETAILS 
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do a 
'which?" hunt on 

mini - meters 
Which has a d.c. sensitivity of 20,000 ohms per volt? 
Which has an a.c. sensitivity of 2.000 ohms per volt? 
Which has a d.c. accuracy + 2 *% F.S.D.? 
Which has an à.c. accuracy - 21% F.S.D.? 
Which maintains a.c. accuracy to 20 /kr.s? 
Which provides high voltage probes to extend the range to 25 or 30 
kV d.c. for testing electronic equipment with high source impedance? 
Which provides probes that can be used with any other meter 
of similar sensitivity? 
Which type of case would you like? Leather or Vinyl. Both available. 
Which meter makes every user a devil's advocate for it's 
performance and handiness? 

The pocket size Minitest 
Get the catalogue for a full briefing. 

SALFORD ELECTRICAL INSTRUMENTS LIMITED 
Peel Works, Barton Lane, Eccles, Manchester M30 OHL 
Telephone 061 -789 5081 Telex 66711 ( ç3 áoo A Member Company of GEC Electrical Components Ltd. 

WW -o58 FOR FURTHER DETAILS 

STANDARD RESISTANCE BOXES 
LABORATORY QUALITY EXCEPTIONALLY STABLE, SUPPLIED WITH INDIVIDUAL TEST 

CERTIFICATES 

STANDARD MEGOHMS 
P401 1M52 +0.05% £52 
P4010 1MS2 +0.02% £60 
P4020 10M 12 ±0.02% £60 
P4061 100M S2 + 0.02% £75 

* Made in USSR 

PLUG -IN MEGOHM DECADE 
BOX P400 

Range 0-1000MQ ±0.2 %, 
In 100MQ steps £190 

AVAILABLE EX STOCK FROM: 

SWITCHED ' MEGOHM' RESISTANCE 
BOX P4002 

4 decades 0.01 -0.1 -1 -10Má2 +_0.05 %. 
All decades and sweeping contacts are 
accessible through separate terminals. 

£98 

Z & I AERO SERVICES LTD, 
44A, WESTBOURNE GROVE, LONDON, W.2 

Tel: 01 -727 5641/2/3 

WW -059 FOR FURTHER DETAILS 
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What's so special about the Jump Jet? 

The answer -everything. 
It took years of intensive research and development to perfect every little part 
that goes to make the Hawker Harrier. 

And these specially developed components include Gardners Transformers. 

Many people seem to think that Gardners only provide 'off- the - shelf' equipment. 
It isn't true -80% of our production is for special components. 

We design and develop highly specialised transformers for Defence projects, Radar, Sonar, 
electronics, control systems and similar sophisticated equipments. 

Of course, we don't expect everyone to be making things like aircraft that don't need runways. 

They wouldn't be special any more. 

Incidentally, Gardners manufacture the largest 
standard range of transformers in Europe. 
So even our un- specials are special ! 

Comprehensive publications available on request include 

Microphone and Line Matching Transformers GT22. 
Microminiature Transformers GT 12. 

Audio Transformers GT4. 
Inverters GT21. 
Saturable Reactors GT1. 
Low Voltage, Isolating and Audio Transformers GT17. 
Transformers for Tube Type Circuits G124. 

Gardrers 
GARDNERS TRANSFORMERS LIMITED, 
Christchurch, Hampshire BH23 3PN. 
Tel: Christchurch 2284. (STD 0201 5 2284) 
Telex 41276 GARDNERS XCH. 

WW-060 FOR FURTHER DETAILS 



J'ACgE O 
Radio and Electronic Components 

(Made in England) 

JACKSON BROTHERS 
have acquired the manufacturing rights of 

WAVEMASTER 

Type 95 S.L.C. Law 
Ball bearings, dia. 
fixing bush. Front area 

w. I }- h. 

Type 87 S.L.C. Law Plain 
bearings, if" fixing bush, 
Front area 11-1- w. - Ir h. 

'Wavemaster' variable capacitors 
have brass vanes and a single 
ceramic end plate. All have 0.248" 
spindles, extended both ends for 
ganging by means of our Universal 
Couplings. All are designed for 
S.W. working and for one hole 
fixing. 6mm spindles to order if 
required. Various capacitances. 
Largest vane packs 300 pF 0.017 
air gap, 50 pF 0.64 air gap. 

Type 92 Modified S.L.C. Law(S.W. 
Tuning) Plain bearings, j(' dia. fix- 
ing bush. Front area I}}' w. r Ig" h. 

STAND -OFF INSULATORS 
Jackson stand -off insulators are de- 

signed to perform well in rigorous 
environments. Their insulation 
resistance exceeds 20 million meg- 
ohms even when atmospheric 
humidity is high. (They meet 
British Services test specification 
DEF5334.) They will withstand 
high steady voltages and intense r.f. 
fields. Forty different types: ask 

for catalogue. 

* Working voltages up to 10kV. * Stoved -on silicone treatment: water repellent. 
* Ceramic bodies. * Silver- plated tags. * No solder. No plastic. No adhesives. 

NEW FLEXIBLE 
SHAFT COUPLING 
This new shaft coupling embodies 
the same well tried principles used 

in our Couplings. Only tin. diameter, 
}in. long, permits constant velocity 
coupling and mis- alignment of 005ín. 
and I Y. Robust too. Can take 
1516s in. torque. 

P.30 3-GANG and P.30 F.M. 3-GANG 
* A M 8 5 min 3200 swnng Tlmmen 25cf ewmg 

* f M 25pF swing 

* Geai ratio 31or71or11 
* 175in.IBin.25rn 
* Ceramrc insulatron 

P.20 2-GANG A.M. 
* A M 10 min 510of senne 

* Trimmers 25pF swing I 7 5 in . I B m s 2 5in 

P.2 2-GANG A.M. F.M. 
* Gen ratio 3 l or l I 

* Capacitance A M IOpF mm SI OpF nenni 

* Capacitance F A 4p1 min I OpF svwng I 15 in 

flm.28in P.30 3-Gang Capacitor 
Vary Sturdy Construction Provuees 

aelrabOry in Vary Small S. 

It's reliable if it's made by Jackson! 
Write for literature 

JACKSON BROS. (London) LTD. 
DEPT. W.W. KINGSWAY -WADDON 

CROYDON, CR9 4DG 

Phone: Croydon 2754 -5 (01 -688) 'Grams: Walf Ico, Croydon 

U.S. office : M. Swedgal, 258 Broadway, N. York, N.Y.I0007 
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SOLDERING 
IRONS? 

Whatever your particular applica- 
tion we are almost certain to have 
just the tool for the job. 

ADAMIN - featherweight instru- 
ments with the slip -on bits and the 
big performance. 

LITESOLD -the best -selling seven - 
model range of top -quality 
'conventional' irons. 

THERMOSTATIC CONTROL? 
The new LITESTAT instruments are 
surely the most advanced available -at 
not so advanced prices. 

YOU ought to get the whole story. 
Ask for catalogue G/5. Free. 

LIGHT SOLDERING 
DEVELOPMENTS LTD 

28 Sydenham Road, Croydon, CR9 2LL 
Telephone 01 -688 8589 and 4559 

.. 

i 
1 
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SYS TIMER 
* SYNCHRONOUS MOTOR & CLUTCH 

* 10 MILLION OPERATIONS 
* Instantaneous & Timed out 

5 AMP contacts 
*Reef at Accuracy 
* Dial ranges 0.10 secs up to 

0.28 hrs. May also be used as 

impulse start. 

£11 dependent 
on quantity. 

IMMEDIATE DELIVERY OF LIMIT & 

STP TIMER 
SYNCHRONOUS MOTOR & CLUTCH 

Matchbox size frontal area 

Automatic re -set 

* PLUG -IN OCTAL BASE 

* INSTANTANEOUS AND TIMED OUT 

2 AMP CONTACTS 

* RANGES 6 secs to 72 mins 

£6 dependent 
on quantity. 

NSY TIMER 
*2 sets 5 amp changeover output 

contacts 

*5 Million operations 
* Repeat accuracy ± }% 

* Set time can be altered whilst in 

operation. Dial ranges from seconds 

to hours 

Approe 

£ 8 . 1 0 O each dependent 

on quantity. 

MICRO SWITCHES. FLOATLESS LIQUID LEVEL CONTROLS PROXIMITY SWITCHES 

OMRON PRECISION CONTROLS 
OMRON APPROVALS 
CSA US Mil Spec. 
SEV UL 

VARIABLE 

TRANSFORMERS 

*OUTPUT 0 -260V 
*INPUT 230V 50/60 CPS. 
*S- IROUDED FOR BENCH OR 

PANEL MOUNTING 

1 amp £5.10.0 
25 amp fhlhn 
5arnp915D 
Hampt1,1 n 

13 amp (18.10.0 
12 amp £21. 0.0 

20 amp £37. 0.0 

Inset shows latest pattern 
Brush gear ensuring smooth 
continuous adjustment. 

I.M.O. PRECISION CONTROLS 
313, EDGWARE ROAD, LONDON, W.2. TELEPHONE 01- 723 2 232 
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Just what is this ABR, that makes such 
a vital difference to the `DITTON 15'? 

The "DITTON 15" 
Now firmly established as a superb high -fidelity loudspeaker. Design features 
include the exclusive CELESTION ABR (auxiliary bass radiator), HF1300 treble 
unit -as used in B.B.C. Monitor Loudspeakers -and specially developed mid /bass 
unit. Low loss L/C crossover. 
Power hand ling: 15 watts r.m.s.; 30 watts peak. Impedance 4-8 ohms. 
Dimensions: 21 in. x 9} in. x 91 in. 
Choice of finish: Teak or walnut. Recommended Retail Price £29 

1. Studio quality high frequency 
unit (HF1300 Mk. 2). 
As used in B.B.C. Monitors. 

2. Anechoic cellular foam wedge 
and lining eliminates standing 
waves. 

3. High hysteresis panel loading 
material to eliminate structural 
resonances. 

4. Auxiliary Bass Radiator (ABR) 
-plastic foam diaphragm of high 
rigidity and low mass having a 
free air resonance of only 8 Hz, 
double roll suspension allowing 

excursions up to i" with virtual 
absence of distortion. 

5. 8" bass unit, with free air reson- 
ance of 25 Hz, and massive 
Ferroba Il magnet structure for 
optimum magnetic damping and 
cone treated with viscous damp- 
ing layer to suppress resonances. 

6. Units mounted flush to elimin- 
ate diffraction effects and tunnel 
resonances; covered by acous- 
tically transparent grille cloth for 
maximum presence. 

7. Full L -C Crossover network. 

3 4 

It's an interesting story -and worth enquiring about. Send for 5 6 
details of the three Celestion 'Ditton' Hi -Fi Speaker Systems. 

Celestion Studio 
Series 

Loudspeakers for 
the Perfectionist 

ROLA CELESTION LIMITED. FOXHALLROAD, IPSWICH, SUFFOLK. 1 P38JP, ENGLAND 
Telephone: Ipswich 73131. Cables: Voicecoil Ipswich. Telex 98365 

WW -064 FOR FURTHER DETAILS 
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CAILIL 1111-11E 011DIECS" 
Ever since Sidney and Hilda met Ginger 

Rogers in the front room it's been love 
at first sight. 

So, if the TV set refuses to give them 
their regular dose of Hollywood, the 
headaches start. And, if you provided them 
with their private Odeon, they'll probably 
work their suffering out on you. We'd 
gladly run them a movie in our theatre, but 
that's not how they take their oldies. 

Sow e'll stick to helping by making ou 
TV components as reliable, efficient and 
easy to get as they can be. Which means, 
for example, insisting on using the latest 
and best equipment. This year we are 
investing £5.4 millions on production 
equipment for TV components, magnets 
passive components and integrated circui 

It won't put our name on the credits. 
But it should polish up yours. 
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VMullard Components for trouble freeTV 



\ 

one 
one 
one 

man 
hour 
hunc rec feet 

The 100 ft free standing 
mobile is only one of oui hill 

range of telescopic. tilt -over 
towers from 25' to 120'. 
Road trailer conforms to Ill 
Road Traffic Act in all respci.I 

Full specifications of our 
complete range: mobile. 
semi - portable and fixed. are 

in our brochure - 
send for it today 

dim 

®4 

STRUMECH v ANmIsLq 

Strumech Engineering Limited 
Portland House. Coppice Side. 
Brownhills, Walsall, Staffs, England 
Telephone: Brownhills 3651 

-J 

WW -065 FOR FURTHER DETAILS 
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vana 
HAVE 

DONE IT! 

a multimeter for only 

!IDS 
MODEL 3800 
ACCURACY TO 0.1% 

MEASURING AC /DC, ohms /amps 

SEE IT -TRY IT -NOW ! 

n 
DANA ELECTRONICS LIMITED 
Bilton Way. Dallow Road, Luton. Beds. Telephone: Luton 24236 

WW -066 FOR FURTHER DETAILS 
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SN74N STANDARD TTL -EX STOCK* 

SN74HN HIGH SPEED TTL -EX STOCK 

SN74LN LOW POWER TTL -EX STOCK 

THE FULL TEXAS INSTRUMENTS TTL RANGE 

COME QUICKER FROM QUARNDON 

741 (DISSIPATION 
'ION PER DATEI 

sn 

SN54L2014 
1 S 

Du Ni mvON Nt) Vte 

a 

SN54L91N1 
SN34L91N 

g Et utlal,m 
tog und.out tN _ . 

TELEPHONE 
(0332) 
32651 

FULL DETAILS 
IN QUARNDON SEMICON 70 

AT NEW LOW PRICES 

QUARNDON ELECTRONICS 
(SEMICONDUCTORS) LIMITED 

SLACK LANE DERBY 
WW --067 FOR FURTHER DETAILS 

TELEX 
37163 
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No other 

TRUE 

DUAL BEAM 

oscilloscope 

can 

compete 

in price 

OtC .. "1í0o4 O3: 

... except the D51, 
by Telequipment of course 

The D52 

by Talequipment 
The D52 is a tough little portable oscilloscope at the 
remarkably low price of £130. 

Here are a few of its outstanding characteristics: 

* True Dual Beam 

* Large 5" flat faced PDA Tube 

* Matched Y Amplifiers - 
100 mV /cm, DC -6MHz 

10 mV /cm, DC -1 MHz 

* Calibrated Sweep Speeds - 

18+ (+ variable) 

* Triggering Modes --full range including TV sync. 

* Weight 24 lb. 

This is one of a range of fifteen oscilloscopes at prices 

from £28 to the sophisticated DM53A Storage Oscilloscope 

for laboratory use at £560: send for detai}s and short -form 

catalogue NOW!!! 

j TEEEQUIPMENT 
Telequipment, 
313, Chase Road, Southgate, London, N.14. 

Telephone 01 -882 1166. Telex 262004. 

A Division of Tektronix U.K. Limited. 

WW -068 FOR FURTHER DETAILS 



Sixtieth year of publication 

Although not exclusively associated with 
the subject of this month's main article 
(colour EVR) our cover illustration 
typifies colour television reproducticn. The 
photograph of a Mullard tube wat taken 
by students at the Polytechnic School of 
Photography, Regent Street, London. 

IN OUR NEXT ISSUE 
Inductorless stereo decoder which uses s phase - 
locked loop to regenerate the suppressed subcarrier. 

Transistor breakdown -voltage meter providing 
direct reading at fixed reverse currents. 

Increasing the bandwidth of the Hartley 13A 
double -beam oscilloscope. 

ibpa 
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Chances are you'll find precisely 
the industrial tube you want in the BRIMAR standard range 

without the expense of a special. 
TI /UHN Thom Radio Valves and Tubes Limited 7 Soho Square, London,W1V 6DN Telephone. 01 -437 5233 

WW -069 FOR FURTHER DETAILS 
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Wireless World 

Not without honour" 

H.R.H. the Duke of Edinburgh, speaking at the dinner of the Institution of Electronic & Radio 
Engineers at the Mansion House, London, in May said "The engineering professions are 
shirking their responsibilities if they only concern themselves with examinations and 
qualifications. They must take some part in the teaching process as well. Furthermore, 
it is quite useless merely laying down the rules for the engineering `generals' and ignoring 
the qualifications for all the other ranks from `private' upwards. The training and qualifica- 
tions for each rank must be related to the requirements of the next rank up, and at each 
stage the vital factors of practical experience and performance in the job must be taken into 
account ". 

Under their present charters neither the I.E.E. nor the I.E.R.E. can embrace non -chartered 
engineers and technicians in their membership. However, both institutions have associated 
technician organizations (respectively the Institution of Electrical & Electronics Technician 
Engineers and the Society of Electronic & Radio Technicians) which they actively support. 
For some considerable time there has been a movement afoot to give greater recognition 
to the non -chartered engineer and it was, of course, primarily for this reason that these two 
technician organizations in our own field were established. It will be recalled that with the 
setting up of the Council of Engineering Institutions the title "chartered engineer" has 
been granted to all members of the 14 constituent institutions in the C.E.I. The C.E.I. has 
been planning for some time the compilation of a register of all chartered engineers -but 
what of the "non- commissioned officers and other ranks "? 

Nearly three years ago an ad hoc committee, representative of 42 different organizations 
with members in the technician and technician -engineer grades, was set up to establish in 
consultation with the C.E.I. basic qualifications for registration. This committee, the 

Standing Conference for National Qualification and Title (known colloquially as SQUINT) 
was faced with the tremendous task of finding a common denominator for technicians in as 

diverse trades as boilermaking and radio, building and baking, brewing and electrical installa- 
tion, etc. etc. After two years of preparatory work by this ad hoc committee a limited liability 
company entitled the Standing Conference for Technician Engineers and Technicians was 

established to expedite the procedure necessary to give legal status to the association of 
professional bodies representing technicians. On July 1st an announcement was made stating 
that "today sees the first awards of the designation Registered Technician Engineer" under 
the authority of S.C.T.E.T. The designatory letters for the registered technician engineer are 
R.Tech.Eng. The statement goes on to say S.C.T.E.T. intends that these new registrants 
"shall form part of a single composite national register together with the chartered engineers 
and eventually with the registered technician. To this end S.C.T.E.T. is urgently pressing 
for constructive discussions with the Council of Engineering Institutions and other interested 
bodies ". 

It has been known for some time that there has been discontent among certain sectors of the 
technician fraternity at the way the C.E.I. had been dragging its feet and the move to "go it 
alone" did not come as a surprise. However, six days after the S.C.T.E.T. announcement the 
C.E.I. issued a statement saying that it was proposing changes in its charter and by -laws to 
enable it "to establish and maintain a composite register for the three sections of the engineer- 
ing community ... the chartered engineer, the non -chartered engineer, and the technician". 
The statement goes on to give the designatory letters "for those individuals nominated by their 
institutions or societies to the new sections of the C.E.I. register ". They will be CEI.T.Eng. for 
non -chartered engineers and Tech.CEI for technicians. 

The situation, therefore, is that the "n.c.os and other ranks" of the radio and electronics 
fraternity, who have been in something of a "no man's land" for far too long, now find that 
they are mentioned in despatches -or are they being offered terms for surrender? 
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Colour Electronic Video Recording 
System providing vision and sound records which can be played 
into the domestic television set 

by Peter C. Goldmark* and collaborators 

Through a unique combination of photo- 
graphy, optics and electronics, Electronic 
Video Recording (EVR) allows recorded 
sound and vision programmes to be played 
through standard television receivers - 
truly a visual counterpart of the long -play- 
ing record. The nature of the recording 
medium lends itself to low cost, high volume 
production in monochrome or colour. The 
system, developed by CBS Laboratories, 
U.S.A., is compatible, in that a colour 
record can be reproduced on a mono- 
chrome player while a monochrome record 
will produce a black -and -white image on a 
colour receiver. 

The recorded programme is contained 
in a cartridge, 7 inches in diameter, } inch 
thick, with a large centre hole resembling 
that in a 45 r.p.m. gramophone record (Fig. 
1). This cartridge contains 30 minutes of 
colour vision programme (25 minutes in the 
U.S.A.) with two sound tracks which may 
be used for stereophony or for two inde- 
pendent sound programmes. The video 
information is on a special photographic 
base, 8.75mm wide and approximately 

*President, CBS Laboratories, U.S.A. 

0.003in thick. The sound is recorded on two 
narrow magnetic stripes, one on each side 
of the photographic film. 

The EVR player, which operates by 
flying -spot scanning, can have a number 
of forms. The one described here (Fig. 1) is 
a separate unit from which an r.f. signal 
carries the combined video and audio 
information to the aerial terminals of a 
colour or monochrome television receiver. 
-For stereo sound reproduction a separate 
jack is available in the player. Push- 
buttons control the threading, stopping, 
fast forward, and rewinding operations of 
the cartridge. Methods are available to 
find a particular part of a programme and 
then stop automatically or manually to 
display a still picture for any length of time. 
Also, slow forward or reverse manual 
"browsing" is provided for. Since each 
picture is extremely small - 0.130in. X 

0.100in. -the record has a large storage 
capacity with potential as a reference 
library of visual information. Picture 
quality is equivalent to the best seen on 
European and U.S. television receivers. 

Fig. 1. Prototype EVR colour player with cartridge in front. The machine is 22ín wide, 
9in high and 19in deep. 

On a suitable closed- circuit monitor, the 
monochrome resolution of EVR can 
reach 500 television lines in a horizontal 
direction. On a closed- circuit set -up, 
where full video bandwidth can be utilized, 
the resolution limit is set by the phosphor - 
dot structure of the picture tube. 

The wear qualities of the cartridges 
are extremely good. Many hundred play - 
ings are possible without noticeable deter- 
ioration. 

A major goal in the development of 
the system was to devise a film record- 
ing and duplication method that would 
permit large -quantity production of inex- 
pensive film cartridges containing high 
quality programmes. After considerable 
study a special high resolution silver 
halide film was developed by Ilford Ltd. 
(a member of the EVR partnership in 
Europe). Stringent quality and size re- 
quirements resulted in the choice of 
direct electronography (exposing the film 
in a vacuum by finely focused electron 
beam) as the method of creating the 
master record. Modern films have a high 
capacity for information storage, and this 
applies particularly to those very fine 
grain films which are relatively insensitive 
to ordinary light but very responsive to 
the high energy present in an electron 
beam. The film used as the master for 
electron beam recording has a crystal 
size of less than one -tenth of a micron 
and the definition obtainable is of the 
order of 800 line pairs per millimetre. 
This master film too has been developed 
by Ilford. 

With electronographic recording, modi- 
fications can be made to the original 
vision signal before the recording process 
so that the resolution and grey -scale 
produced on the film by the electron 
beam recorder are such as to give opti- 
mum overall performance. Thus, by ad- 
justing the characteristics of the signals 
driving the electron beam it is possible to 
apply frequency pre- emphasis and to in- 
troduce grey -scale correction while 
restricting the density range to desired 
values. All these are not possible in a 
purely optical method of exposing the film. 

The resulting picture on the film looks 
different from that on normal cine- 
matography film, especially as colour 
pictures appear in monochrome and the 
colour information content is coded 



 

i 
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(Fig. 2). An important further difference 
is in the number of pictures per second. 
In electron beam recording, and by the 
use of extremely fine grain print material, 
one is able to produce extremely small 
images. As a result it becomes economi- 
cally possible to print 50 frames per 
second (60 in America). This leads :o 
great simplification in the player machine 
and tends to provide a high degree of 
visual integration of spurious signals, 
such as grain or other imperfections. 

The whole philosophy behind the EVR 
system has been to accept complexity in 
the recording system so as to obtain the 
maximum economy and simplicity in the 
play -back process. 

Making the cartridge 
There are three principal steps in making 
the cartridge record: preparing the original 
programme; making the master negative 
by electron beam photography; and print- 
ing and slitting the films and loading the 
cartridges. 

Preparing the original programme is a 
matter of electronically pre -correcting the 
video signal for any losses that will 
occur throughout the entire system, in- 
cluding the player. Thus compensation is 

Fig. 2. Section ofEVR film, showing 
luminance information in left -hand 
track, chrominance information in 
right -hand track, and small 
synchronizing windows (white rectangles, 
running down the middle. 

;n- 

SOURCES 

C' ne -t, 

Magnetic 
video tape 

RECORDING 

Electronic 
beam 

Row 
printing tllm 

7 CARTRIDGES 
EVR master 

::rui 
High -speed 
EVR film 

printing from master 
to raw film 

Fig. 3. Basic processes in the whole EVR 
system, from original programme material 
to domestic television set. 

EVR cartridges 

Television 
set 

DISPLAY 

EVR ployer 

*ILO 
AP- 

provided for loss of resolution and diver- 
gence from the desired scale characteris- 
tic. The original programme material is 
converted into a colour television signal 
which is separated into its luminance and 
chrominance components. Both signals 
are enhanced by vertical and horizontal 
aperture equalization and both are gamma 
corrected to ensure that the entire system 
approaches unity gamma. 

The format of the film can be seen in 
Fig. 2. There is a series of frames, each 
having a luminance -information area seen 
as a picture (left -hand strip) and a 
chrominance- information area recorded 
by its side (right -hand strip). Each area 
is 0.123in. wide and 0.092ín. high. Be- 
tween the frames are small rectangular 
"windows" (seen as white) spaced 
0.100in. apart. These are synchronizing 
marks indicating the start of each frame, 
and their purpose is to provide, in the 
player, a means of synchronization 
between the film transport and the flying - 
spot scanner. At the outer edges of the 
film are the magnetic stripes for sound. 

It is essential to record the colour 
television signal in such a way that it 
can be reproduced independently of the 
recording and playback system's scan- 
ning linearity. In the chrominance- informa- 
tion areas there is recorded a colour 
carrier signal whose frequency is an 
integral multiple of the line scan fre- 
quency. In order to provide a reference 
carrier for the demodulation of the col- 
our signal, an unmodulated pilot signal 
with a frequency exactly one half that of 
the colour carrier is also recorded in the 
chrominance- information areas of the 
film. Non linearity, raster size changes, 
film shrinkage, etc., thus will not inter- 
fere with the proper demodulation of the 
chrominance carrier, since the phase 
relationship between chrominance and 
pilot carriers is always maintained to the 
required accuracy. 

The synchronizing signal generation 
is arranged so that the colour carrier 
signal is the overall system clock fre- 
quency. All synchronizing signals, as well 
as the pilot carrier signal, are counted 
down from this colour carrier signal. 
Because of the integral relationship be- 
tween the chrominance and pilot carriers 
and the electron beam recorder horizontal 
scan frequency, the pilot and chrominance 
signals are recorded on the master film as a 
series of vertical bars. 

Electron beam recorders for commer- 
cial production of master films have 
recently been completed for use in Europe 
and the U.S.A. For colour EVR the same 
type of machine will carry the two elec- 
tron guns necessary for recording side by 
side the luminance and chrominance 
signals. A 40 -mm wide film is used for 
the master and 35 -mm film for the print. 
The 35 -mm format accommodates four 
8.75 -mm cartridge films which can carry 
eight monochrome or four colour pro- 
grammes. They are printed simultaneous- 
ly and are subsequently slit. The steps in 
the whole process are as follows: 

Editing. Although the recording system 
could operate with signals directly from 
television cameras, video tape or film, 
the advantages of editing and colour 
balancing can be obtained by first record- 
ing all programme material on video tape. 
A master tape thus produced can be easily 
corrected prior to transcription and the 
technique ensures that the signal input 
always meets the prescribed standards 

Video processing. The commercial sysrrrt 
for making a master is shown in the 
simplified block diagram Fig. 4. First, the 
video signal from a video tape recorder is 
separated into luminance and chrominance 
components. The luminance signal is fed 
to a video amplifier, from which one output 
is a direct (undelayed) signal while 
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the other is pissed through a one -field 
period delay line. The purpose of this delay 
line is to permit video sampling at a constant 
rate between two successive fields. As a 
result, during each EVR frame, information 
corresponding to all 625 (or 525) lines of a 
television picture is recorded. The output 
from the delay line and the direct luminance 
signal are applied to independent video 
processing circuits. These are vertical and 
horizontal aperture correctors, a gamma 
corrector and sync "window" adder. Next, 
the delayed and undelayed video signals 
are applied to a sampling gate operating at 
a rate such that both fields are recombined 
in an EVR frame so that it contains the full 
625- (or 525 -) line information during a 
1 /50th sec. (or 1 /60th sec.) television field 
interval. The sampled luminance signal is 
then applied through a video amplifier to 
one gun of the electron beam recorder. 

The chrominance part of the v.t.r. signal, 
extracted from the luminance information 
by a filter, is translated from the television 
signal standard to the EVR system values. 
Next the chrominance signal is processed in 
the same manner as the luminance signal 
and finally is fed to the chrominance video 
amplifier and the second electron gun of the 
electron beam recorder. 

The method by which an American 60 
frames/sec. film is produced from a 30 
pictures /sec. American television signal 
is shown in Fig. 5. The intercalation occurs 
in two steps. Using film as the programme 
source (though it could be video tape), the 
24 frames/sec. film in the projector is 
changed to 30 frames /sec. as in American 
television and from 30 frames /sec. to a 60 
frames/sec. EVR master film (the rate 
required for playback in the U.S.A.). The 

WI/ I VM aIIVp'a LUG ll111l I,amGa, cacti 11auM 
being assigned a letter of the alphabet. 
Below the film frames the numbers 1, 2, 3, 
etc. represent successive television camera 
vertical scan intervals, each 1 /60th second. 
The projector pull-down is such that 
alternate film frames are scanned by two 
and three television fields respectively. 

The third row down shows the numbered 
fields together with the letter that represents 
the frame of film scanned by that numbered 
field. The corresponding video signal is 
available at the output of the "direct signal" 
channel in Fig. 4. The fourth row shows the 
field information that exists at the output 
of the delay line. Hence, with information 
from two successive fields transformed to 
become available simultaneously during a 
given 1 /60th second interval, it is possible 
to sample synchronously the information 
between the successive fields at a rate well 
above maximum video frequency and so 
retain the integrity of a given television 
picture. The bottom row shows the sampled 
information that will be recorded in each 
frame of the EVR master. 

Electron beam recording. Fig. 6 shows in 
essence how electron beam recording takes 
place in a vacuum chamber. As can be seen, 
the film is exposed by two modulated 
electron beams. Fig. 7 shows the vacuum 
chambers and film transport of the recorder. 
(The film magazine capacity is 1800 feet 
of 40mm film.) The two electrostatically 
focused and deflected electron guns can be 
seen in a gun chamber above the film 
transport mechanism. The gun chamber is 
supported on two trunnions and can be 
indexed to four discrete horizontal positions, 
thus making it possible to sequentially 
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Fig. 4. Simplified block diagram of 
systemfor making master film. 
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Fig. 5. Intercalation method for making an EVR film from a television (or cine 
film) programme source. 
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Fig. 6. Essentials ofelectron beam 
recorder. 

record four dual tracks across the width 
of the 40mm film. 

Vertical deflection of the modulated 
electron beam follows the direction of film 
motion with twice the film velocity. As 
shown in Fig. 8, the vertical scan starts at 
the top (A) of the film image and after 
1 /50th (or 1 /60th) second reaches the 
bottom of the frame while the film has 
moved from position 1 to position 2. 
During vertical blanking the electron beam 
returns to start the process over again with 
film frame No. 2. 

During recording the beam is deflected 
vertically, between two adjacent lines, at a 
14MHz rate. The phase of this wobble 
signal is adjusted so that the video informa- 
tion from the delayed signal is recorded 
along one horizontal line on the film while 
the video information from the direct 
(undelayed) signal is recorded on an 
adjacent line on the film. A peak white 
synchronizing window signal and a grey 
scale test signal are gated in with the video 
signal and are recorded at the start of each 
luminance field. 

The film drive used in the electron beam 
recorder provides accurately controlled 
continuous motion at 5 in./sec. for Europe 
and 6 in./sec. for the U.S.A. An electronic 
servo causes the film to be driven at 
constant velocity while locked to the 
vertical scan and interlocked with the v.t.r. 
This servo has three closed loops. In one 
loop a 7kHz signal from an optical tacho- 
meter on the drive motor shaft is fed to a 
discriminator circuit whose output controls 
the motor to compensate for speed varia- 
tions. The same 7kHz signal also provides 
one of the inputs to the second loop, in 
which the actual motor speed is set by 
comparing the tachometer output with a 
7kHz reference signal from a crystal 
controlled oscillator. The third loop 
establishes the spatial position of each 
frame on the film with respect to an 
associated perforation in the film. One edge 
of the film is perforated along its length 
at 0.1 -in. intervals and is transported past 
an optical sensor which generates a pulse 
for each of the perforations. In the loop the 
phase of the vertical drive signal and a 
"perforation signal" from the film are 
compared in order to ensure accurate 
phase lock between the vertical scan and a 
given perforation. 

Interlocking the electron beam recorder 
film drive with the v.t.r. is accomplished by 
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counting the vertical sync intervals on the 
magnetic tape and the perforations in the 
master film. The counts are compared, and 
the speed of the recorder drive is varied 
until they are equal. Interlocking between 
the two drives occurs within 12.5 seconds. 

High speed duplication. For the production 
of EVR cartridges a special multi-head 
printer has been developed by Ilford Ltd. 
in the U.K. This equipment is capable of 
running at speeds of up to 200 feet per 
minute. The design minimizes light disper- 
sion and protects the master film so that a 
large number of copies may be made. 

. Through the use of multiple heads, 16 
colour programme reproductions, together 
with the sound, are obtained each time the 
master negative passes through the printing 
machine. Thus, the rate at which the printer 
produces EVR copies is approximately 
125 times (in America 100 times) faster 
than the actual playing time of the original 
programme. If the programme is half an 
hour long it can be duplicated at the rate of 
one cartridge every 14.5 seconds. 

The film is developed in black- and -white 
continuous film developing machines which 
will run at speeds of up to 200 feet per 
minute. The processed film then goes to a 
slitting machine which divides the 35mm 
film into four 8.75mm films. These are 
cleaned and wound directly on to EVR 
cartridges. 

The sound is recorded on the two tracks 
during the printing process. Magnetic 
recording was chosen after careful consider- 
ation, the important factors being long life 

with high quality and low noise and the 
ability to change the sound track when 
required. The fact that magnetic reproduc- 
tion in the player is less expensive than 
reproduction of optically recorded sound 
was another consideration. The sound 
recordings are made individually, and 
synchronizing marks are incorporated in 
the vision recording and the special sound 
recording so that when they are brought 
together in the printing machine the sound 
can be added in exact lip synchronism. 

The player 
Fig. 9 shows a laboratory prototype 
player with the cover removed, exposing 

the cartridge deck, c.r.t. and associated 
circuitry, all of which are mounted on an 
internal metal frame independent of the 
cabinet. A cartridge is played by opening 
the door over the well, placing a cartridge 
on a hub and closing the top. To the right 
of the well are six pushbuttons for control- 
ling deck functions. Pressing a "play" 
pushbutton causes the cartridge leader to 
thread through the deck. After the leader is 
securely fastened to a take -up reel (seen 
behind the cartridge) the machine auto- 
matically starts to play. Other controls 
on the top are a track selector and mains 
switch. The large knob on the front is for 
manual searching -to move the film back- 
wards or forwards while viewing still 
pictures. 

The 3 -in. diameter cathode -ray tube 
scans the film image through an optical 
system and the resulting modulated light 
is converted by photomultiplier tubes into 
luminance and colour signals. The c.r.t. 
scans each picture on the film once per 
television field. To accomplish this, a 
capstan and pressure roller pull the film 
past an optical gate at a constant 
velocity of 50 frames/sec. or 5inisec. 

Optical scanning of the luminance 
track of the EVR film, shown in Fig. 
10, employs a forward raster scanning 
technique. The colour track of the film 
is similarly scanned through a second 
objective lens by the same c.r.t. raster. 

At the start of the field the light beam 
from the c.r.t. spot scans the head of the 
first picture (a). As the film moves at a 
constant speed of 5inisec. the beam 
also moves in the same direction but at 
twice the velocity. Thus, by the time 
picture 1 has moved to the position 
shown at (b), the light beam has com- 
pletely scanned it and now rests at the 
foot of picture 1. At this instant, a 
vertical sync pulse, derived from light 
flashing through the clear "window" it 
the film (Fig. 2), initiates vertical flyback 
of the c.r.t. electron beam. As a result 
the c.r.t. spot and light beam returns and 
comes to rest at the top of picture 2 

ready to start the next scanning period, 
as shown at (c). 

Since the timing of the c.r.t. scanning 
spot is controlled by the film velocity, the 
film speed can vary within a limited range 

Fig. 7. Details of f lm transport and vacuum chambers of the electron beam recorder. 
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Fig. 8. How the electron beam scans 
the film in the electron beam recorder. 

without affecting the vertical position of 
the reproduced television picture. Ulti- 
mately, of course, the television receiver 
sets the limit by losing vertical hold if the 
film departs too much from the nominal 
speed of 50 fields /sec. To prevent this from 
happening, the film drive is servo locked to 
the 50Hz mains by a circuit that compares 
the recorded film field pulses with the mains 
frequency. 

The sync "windows" in the film are 
illuminated by a miniature incandescent 
lamp coupled through a plastic light pipe 
to the film gate. Each time a sync "window" 
passes the end of the light pipe, there is a 
flash of light through the film into a photo- 
diode, the output of which is clipped to 
generate constant amplitude sync pulses. 

Optical system. The luminance and colour 
tracks of the film are scanned through a 
dual optical system. The imaging optics 
(Fig. 11) comprise two lenses, two 
rhomboidal prisms, a lens mount which 
provides both focus and position adjust- 
ments for the two lenses, and a film gate 
which holds the film in a cylindrically 
curved image plane. Each lens images the 
1.48in. X 2.08in. raster of the c.r.t. onto an 
area in the image plane 11.3 times smaller, 
thus forming two identical side -by -side 
small rasters with centres 0.141in. apart. 
The prisms permit separation of the two 
lenses and a resulting larger lens diameter 
sufficient to obtain an aperture of f /1.8 for 
each lens. The collector optics are two light 
pipes which transmit the modulated light 
from the luminance and chrominance 
images on the film to two photomultipliers. 

Player circuit. Anyone versed in television 
engineering should be at ease with an EVR 
player because it resembles a television 
receiver. Basic elements of a colour player 
for working into an American television 
set are shown in Fig. 12. These include: 
c.r.t. deflection and high voltage supply; 
transport deck and gate; dual photomulti- 
pliers and video amplifiers; chrominance 
translator for converting EVR signals 
to N.T.S.C.; pulse generation for blanking 
and composite sync; sound magnetic head, 
audio amplifier and intercarrier sound 
generator; ri. link video and sound 


