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EDITORIAL
We print this time, the second part of

Arthur Critchley's series on Integrated Circuits

for amateur use . Part 1 last time aroused con-

diderable interest, so after Arthur's recent

lecture at CAT-70 I know many of you will be

looking forward to this instalment . It could

have been longer, but the report or. CAT-'70

took up the room, so the next part, in C Q -

T V 73 will be even larger1 Our thanks must

go to Arthur for all the hard work he has put

into this series - I know it's appreciated .

A full report on CAT-70 appears on another

page of this issue, but those of you who were

there will know already what a great success it

was. Special thanks must go to the organising

committee of Don Reid, Grant Dixon and Ian Wat-

ers who gave so much of their time to the Con-

vention ; that it was so much of a success is

largely due to those three . Don Reid, who re-

tired as P .B .C . after the A .G .M ., has become

identified with B .A .T .C . Conventions and this

was no exception - many thanks, Donl

The other member of the committee to re-

tire this year, as well as Don Reid, was Malcolm

Sparrow . After six years as treasurer, Malcolm

has contributed tremendously to the Club, and

is responsible for giving the Club it's present

financial stable condition . We all owe G6KQ3/T

a great debt of gratitude and hope he will

long remain associated with B .A .T .C .

To keep ourselves up to date, we've just

had a new membership application form and general
information sheet printed - on pink paper this
times You probably remember that the old one

was blue. So if you know of any possible new

members, drop the Secretary a line (his address
is on page 1) and ask for a few copies of the

new pink membership forms . May be useful to

have a few around if you belong to any local
clubs ; someone, someday, may want to join the

B .A .T .C .
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Portsmouth Polytechnic are currently doing

a lot to arouse interest in ATV in Southern Eng-

land, and are now planning a series of lectures

specifically aimed at amateurs . Anyone who

would like to go along, or find out Portsmouth's

programme, drop a line to :

The Secretary, Electropol,

Students Union Offices,

Union House, St . Paula Road,

Portsmouth, Eampshire .

and be in at the beginning ; of the i . England

regional A .T .V . centre .

TEE EDITOR .

S U B S C R I P T I C N u

When your B .A .T .C ., subscription expires, you

automatically receive a subscription renewal

form with the next issue of C Q - T V .

Our work is made much easier if you return
this together with a posta .l order or checue,
IMMEDIATELY .

So next time YOU receive a renewal notice, please

return it straight away . And even i you don't
intendd rejoining, let us know to save us writ-

ing to you again .

Please help us to hell: you .
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Andrew Mellons G6AER/T became licensed a few

months ago and since then has been working on

his own colour tv station . Having now joined

B .A .T .C ., Andrew would like to know if anyone

else in his area can transmit colour - to date

he has seen no onel So anyone in the Dorking,

Surrey, area who has colour gear - contact

Andrew .

Harold Jones G6ABC/T G5ZT from Plymouth, Devon,

writes to tell us of his activity with G6AFN/T,

the only other /T within 50 miles at the moment .

However, two-way video contacts are possible,

and Harold hopes that quite soon G3XAW will

aquire a G6 licence, when Devon should see

some amateur telecine on the air .

FOSTUAG

D .A . Nunn ZLI AKG of Kawerau, New Zealand is

another "Down Under" SSTV enthusiast . He men-

tions seven or eight slow-scan monitors being

constructed by ZLICJ, ZLIAOY, ZLINH and many

others . Transistorised circuitry has been de-

veloped to suit local components, and the use

of EHT transformers from old tv sets seems pop-

ular for the new monitors (usually using 5FP7

or CV1397) . F .S .S . a have been built by seve-

ral people, and vidicon cameras should be app-

earing shortly . A regular net on 80m goes at

0800 and ZLIDW and ZLIAOY regularly receive

pictures from all over the world on 14230KHz .

New Zealand approved the operation of slow-

scan on all bands in 1968 so the activity is

quite widespread. The N .Z .A .R .T . magazine

"Break-In" will shortly be publishing infor-

mation on"the state of the art" in U .K . for

the benefit of SSTV enthusiasts in New Zealand .
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Jim Burnell-Jones VK2ZJV/T from New South

Wales, Australia writes to say that, now the

problems caused by getting married seem to be

over, he can once more do some more work on Ama-

teur tv . His camera in particular uses some

cheap R .C .A . I.C .s and Jim is going to send

details for publication in C Q - T V when tests

are completed .

Harry Adams G3VZF of Twickenham has an advert

in this issue for a RCA7183 storage tube . For

those people interested in slow scan , Harry

points out that this tube has distinct possib-

ilities ; anyone care to make him an offer for

it?

Doug Iagham ZL2TAR of Lower Hutt, New Zealand,

writes that he has started simple experiments

with PAL colour on 70 cm . His PAL transmiss-

ions consist of colour bars, though most of

the transmission time is taken up with film and

live black and white . Can anyone help Doug

with information on a source of dichroic

mirrors for his camera?

Slow scan is not neglected either . Doug
has a monitor and an electronic pattern gener-

ator, and is awaiting coils for a vidicon SSTV

camera . The pattern generator can produce sig-

nals on the European or North American standards .
It uses a master oscillator on 150Hz locked to

the 50Hz mains, and divides by 9 or 10 to line
frequency, depending on the standard selected .
A divide by 120 chain follows, to produce

field frequency . Drive pulses are thus provi-

ded for other equipment .

Doug also takes part in a SSTV net, which

is active on 3650KHz Mondays and Thursdays,

from 0730 to 0900, and finds there is usually

someone around 14230KHz on Fridays and Satur-

days (as does ZLIAKG, see his letter) .

The main New Zealand ATV band extends

from 421 to 449MHz, Doug tells us, enough for

4 "standard B" channels, together with another

allocation at 23cm . ATV and SSTV operation in

N .Z . is now included in the ordinary amateur
licence with no special authorisation required .

SSTV may be transmitted on any amateur tele-

phony band, with the usual telephony bandwidth

restrictions .
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AN I.C . AMPLIFIER

Many tv cameras which I have seen all

seem to have one problem in common ; they never

seem to have sufficient video gain to drive

some monitors, modulators or long cable runs
without some loss of fidelity, or too much

noise from being run wide open .

This problem has been solved at this QTH

by the use of the amplifier shown in Fig . 1 .

The 1.C . used is an R .C .A . type CA302CA . This

device is capable of providing a bandwidth of

8MHz and a signal to noise ratio of 60dB down

at the I volt level . In the circuit shown the

a .c . output impedance of the amplifier is app-

roximately 3 ohms . As an added feature it can

provide both non-inverted and inverted outputs

at the same time . The schematic shows a 9 volt

0)1

By WA21CW/3

Reprinted from A5 Magazine
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supply, but a 12 volt supply should be used if

larger output swings than 2 volts p to p are

required, but it is recommended by R .C .A . that

a clip on heat-sink should be used to provide

cooling for the I .C .

If you would like to expand the use of

this amplifier place a 10K resistor from the

junction of the 4K7 resistor and the 5r F cap-

acitor of p in 3 of the T .C . Place a 1r F cap-

acitor from the other end of the 10K and run

the capacitor to the top end of a 5CK pot .

Feed sync to the slider and you have a video

sync mixer .

As a point of interest, the amplifier

produces 1 volt p to p for an input of 0 .15

volts, and the I .C . is available very cheaply

from many distributors .

CO

CO

9V
5OmA

FIGURE 1

NON-INVERTED OUTPUT

INVERTED OUTPUT
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700mw TRANSISTOR
By F . Eggermont ON5LM

Amateur Television Association - Belgium

The tv station which I use is basically simple and will enable any constructor

to go on the air /T with success . The pilot transmitter is fully transistorised and

supplies a full tv U .H .F . signal of 437 .4 MHz of approximately 700mW . The output stage

which is of conventional design and is equipped with QQE03/20 is capable of supplying about

8 watts to a 19 element antenna . Since this output stage can be any 70cm P .A . using class

AB, we will not go into further details here .

The pilot transmitter, including the modulator, comprises only 9 transistors, all

silicon .

Description of the pilot transmitter

This is crystal controlled and operates at a frequency of 437 .4MHz . The choice of

frequency was particularly determined by the possibility of adding, at a later stage, a

phone channel at 431 .9MHz, FM modulated, so that the CW-DX at 432 (moonbounce hi) will not

Vidicon camera

Flying Spot Scanner

oscillator

72,900

BC107

doubler

145,800

BC107

19 element antenna

FIGURE I

probe

driver

BC107

TRANSMITTER .

(O

P .A .

500 mW

BSY34

Linear amp .

8 w

QQU03/20

rx

Camera

F .S .S .

tripler

300 mW

BA141

0

P .A .

7

2N3375

Li
monitor

0 mW



CIRCUIT NOTES

1 . All r .£ . coils 7 turns enamelled

copper wire on ferroxcube core .

2 . Coils in oscillator and doubler stages

wound on 10mm formers with 0 .9mm dia-

wire .

3 . Cp is 1 .5cm insulated wire, twisted

together .

4 . Lp is 25mm length of wire 8mm above

chassis .

5 . Capacitors in p .f . ; decimal figures

in n .£ .

6 . : is tuned to 288MHz, 3pf in series

with 4 turns on ferroxcube core .

be subjected to interference . The oscillator

operates with a 5th overtone crystal and uses a

BC107, followed by a doubler also using a BC107 .

This is followed by a BSY34 which is coupled by

means of transformer to the doubler, this being

best for the 144MHz component required. Its

output is a conventional filter which controls

the base of the output stage for 144, also a

BSY34 . This is capable of delivering about

500mW output to the varicap-tripler, a BA139,

which at a reasonable efficiency delivers a

70cm signal of about 300mW to the output stage,

which uses a 2N3375 . The latter is biased to

clans AB receiving a steady base current via a

voltage divider with a resistance, which there-

by stabilises the base at about 0 .6volts .

The 2N3375 is modulated by a full video

signal at the collector, and has a pi-filter in

its output, which takes care of matching at the
aerial (local noise free signals at up to 2km)

or to the QQE03/20 arranged in class AB (steady

current about 20 mA at 400 volts) .

The video modulator

Also basically simple, this consists of only

4 transistors . T1 constitutes the amplifier

stage proper and is intended to amplify x20 for

100% modulation . For compensation for the

higher frequencies the emitter resistor was de-

coupled by a 560 pf capacitor . The d .c . bias

is set by the 1M A collector-base resistor, while

a control voltage is taker. from a detection cir-

cuit .

+30 volts
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T2 and T3 are connected as a double emitter follower d .c . coupled from the collector of

T1 . The output of T3 controls the P .A . transistor 2N3375 with a protective resistor of 22 A

placed in series. T4 is a P .N .P . transistor and is switched by the video signal . A thres-

hold voltage of 0 .6 volts is set by D3 in the emitter so that the voltage to the base, in

relation to the emitter, should be at least 1 .2 volts, to make'T4 conductive . Since its base

is coupled to the collector of T1 via a resistor, the video output signal drops below

30 - 1 .2 = 28 .8 volts, T4 becomes conductive and the latter returns a voltage step via the

diode circuit to the base of T1, so that this becomes more conductive and thus receives a

correction automatically. Consequently, during the video period, operation is at a constant

level . The transistor T4 therefore operates as a peak detector and controls the output

voltage . The time constant was determined experimentally as 101AF and about 1OK.1, .

Practical results
In conjunction with a 70cm 19 element aerial at about 9 metres above ground level, vidi-

con camera and a converted Grundig P1200 as a receiver (also monitor for transmission via an

aerial probe) with a modified tv converter using an AF239 the following results were achieved :

one way with 5 local stations up to 10Km, noise free .

one way ON - G with G8AJC and G3LQR in Canterbury 8-3-69

one way ON - PA with PAOBON in Zierikzee

two way with G2WJ and G6NOX/T in Essex

Stations received noise free G6NOX/T

Stations received slight noise 0N4RT, ON4LP, F9NJ

Noisy, but 100% Q5 ON4ZK, F9MF, G6ADK/T, G6ADZ/T

S L O W - S C A TELEVISION B I B L I O G R A P H Y

The great interest in slow-scan television at the moment has prompted Ted Cohen to compile

this bibliography of literature on SSTV . We print it here with thanks to Ted W4UMF for

all the work he has put into it .

CLUB JOURNALS

ATA INTERNATIONAL, Published by the Amateur Television Association (W .Everaert, Editor),

Park Ten Hove 97, Melle, Belgium .

C Q-T V , published by the British Amateur Television Club (A . Hughes, Editor),

I .R . Lever, Esq ., General Secretary, 65, Dynee Road, Kemsing,

Sevenoake, Kent .

Private Publications

Dixon, C . Grant, "A Miscellany of Slow-Scan Circuits" Kyrles Cross, Peterstow,

Ross-on-Rye, Herefordshire, England .

continued overleaf
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Macdonald C ., "A New Narrow-Band Image Transmission System",

CST, August and September, 1958 .

Macdonald, C ., "Slow-Scan Image Transmission : A Progress Report",

QST, April, 1960 .

Macdonald, C ., "S .C .F .M .- An Improved System for Slow-Scan Image Transmission",

QST January and Febuary, 1961 .

Plowman, J .A ., Slow-Scan Picture Transmission, The British Amateur Television Club,

London, 1961 (Out of print) .

Macdonald, C ., "A Compact Slow-Scan TV Monitor"

QST, March, 1964 .

Macdonald, C ., "A Slow-Scan Vidicon Camera",

QST, June, July and August, 1965 .

Macdonald, C ., "Twenty-Meter Slow-Scan Tests",

QST, September, 1966 .

Simpson, R ., "Narrow-Band TV Using Pseudo-Random Dot Scan", in Technical Correspondence,

QST, October, 1966 .

Macdonald, C ., "Pseudo-Random Scanning", in, Technical Correspondence,

QST, January, 1967 .

Sulu, G .V . (Editor), Amateur Television Issue, SIRAN, Journal of the Bangalore Amateur

Radio Club (South India Radio Amateurs Newsreel), March, 1967 .

Cohen, T .J . . "An Economical Slow-Scan Television Monitor", 7, July, 1967 .

Hutton, L .I ., "A Slow-Scan Television Picture Generator", 73, October, 1967 .

Anom ., FCC Proposal on Slow-Scan TV, QST, November, 1967 .

Anom ., ARRL Comments on FCC Proposal on Slow-Scan TV, QST, Febuary, 1968 .

Anom ., FCC Approval of Slow-Scan TV Docket, QST, September, 1968 .

Taggart, R .E ., "Slow-Scan with Regular Vidicons", in, Technical Correspondence,

QST, December, 1968 .

Hutton, L .I ., "A Fast-Scan Vidicon in the Slow-Scan TV Camera", 73, Febuary, 1969 .

Watson, D .J ., and S .M .K . Horne, "New Solid-State Camera and Monitor for Slow-Scan Television"

Ham Radio, April, 1969 .

Popkin-Clurman, J .R ., "A Simple Inexpensive FM to AM Converter for Slow-Scan TV and Facsimile"

73, June, 1969 .

Hutton, L .I ., "A Slow-Scan Television Signal Generator", 22, July, 1967 .

Miller, D .C ., "Slow-Scan Television", 23, July and August, 1969 .

Taggart, R .E ., "A Procedure for the reception of Slow-Scan Color Pictures Using Additive

Synthesis", 73, November, 1969 .

Backman, A ., "SSTV", 73, December, 1969 .

Taggart, R .E ., "Slow-Scan Television", Ham Radio, December, 1969 .

Cohen, T .J ., D . Harmon, and D . Veazey, "Sampling Techniques", in, Taggart, R .E ., "Slow-Scan

Television", Ham Radio, December, 1969 .
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Taggart, R .E ., T .J . Cohen, and W .L . Tarr, "Slow-Scan Color TV" in, Taggart, R .E ., "Slow-Scan

Television", Ham Radio, December, 1969 .

Cohen, T .J ., and W .L . Tarr "Slwo-Scan Color Transmission", Z~, January, 1970 .

Cohen, T .J ., "A Slow-Scan Patch Box", 73, in press .

Cohen T .J ., and W .L . Tarr"An Improved Method for the Transmission of Color Information by
Slow-Scan Television," 73 , in press .

A COMPACT FILTIER
By Heinz G. Venhaus DC6MR

Reprinted by courtesy of "TV Amateur" .

The filter described below serves to mix

the outputs of picture and sound transmitters

into a single 70cm antennae. The coaxial fil-

ter (604-L impedance) consists of four tuned
circuits, and serves at the same time to re-

duce any 2 meter emissions as well as harmon-

ics. In this way, clear reception of 2m .

stations (e .g . a talkback circuit) is possible

during tv transmissions .

SOUND

FIGURE

FOR S & t'

S0239 AERIAL SOCKET

Construction Start with a surplus U .H .F .

convertor with -- X circuits . All parts must

be removed except the trimmer capacitors . To

these trimmers are attached inductances L1 -

L4, consisting of lengths of 1 .4mm silvered

copper wire . The coupling is made through the

former spindle holes, the upper part of which

must be soldered up .

VISION

OC4

L4

OC3

L3

OC2

L2

CI

LI

I



All other holes must be made "RF proof" by
soldering . The coaxial cable is brought in
through small tubes to which the braiding is
soldered . The inner insulation of the coax
may be left in place to ensure that the inner
conductor is properly centred . The aerial
socket is soldered to the back of the box and
connected directly to L3 (see Figure 1) . The
box may be closed with its original lid and
copper foil .

Adjustment

	

It is best to use a field strength
meter which should be placed near the trans-
mitter aerial . The sound circuit L4 C4 should
be adjusted for maximum field strength . The
picture trimmers C1 C2 and C3 are then adjusted
for maximum field strength with no modulation .
The sound and vision transmitters are then

CIRCUIT

NOTEBOOK NO. 6

1 1

switched on and off in turn and the trimmers
C1 - C3 are reduced in capacitance to give a
slight attenuation of the picture carrier . By
means of this procedure the bandpass curve is
shaped so that the lower sideband up to 1MHz is
sharply attenuated . The circuits then have a
bandwidth of 10MH2 ; their resonant frequency is
made, by the above tuning procedure, sensibly
higher than that of the picture carrier . It
is in this way that the lower sideband is
clipped .

NOTE This method of combining two transmitter
outputs is not so reliable as that described
by Ian Waters in C Q - T V no . 66 . It may be
difficult to adjust, but does have the merit
of simplicity and the author is to be commen-
ded on the ingenious use of a U .H .F . tuner .

Step wedge and Grille Generator

By John Lawrence GW6JGA/T

In the Amateur T .V . Station it is useful
to have a source of video signal, independant
of the camera or scanner, which can be used
for checking the operation of various parts
of the system .

Suitable signals are a step wedge or stair-
case and a grille . The step wedge will enable
the amplitude linearity of the transmitter to
be checked, and the monitor and camera linearity
can be checked using the grille .

It is convenient to combine the circuits
of the two generators as a common multivibrator
can then drive both the vertical line generator
and the step generator .

The complete circuit of the step wedge and
grille generator is shown in Fig . 1 .

Line drive is fed to Tr1, which clips and
distributes line pulse signals to the various
parts of the circuit . The vertical bar multi-
vibrator consists of Tr4 and Tr5 connected as
an astable multivibrator, running at 8 times
line frequency . The base current feed to Tr4,
through R9, is turned off during the line pulse
when Tr1 is bottomed, and is only present dur-
ing the active line period when Tr1 Collector
is at - 6 volts . This means that the timing
of the output from the vertical bar multi-
vibrator is synchronised to line frequency .
The actual frequency, and thus the number of
bars or steps, is set by RV2 .

continued on page 25
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"Use or Lose" was the theme of the 21st

birthday celebration of the B .A .T .C . at Chur-
chill College . With reference, of course, to

70cm band at present used by /Ts . Again and

again this was hammered home to us ; by chair-
man, president, guests, Minpostel, so that

everyone knew how tenuous our position was .

But this doesn't mean CAT-70 was a dismal
affair . Far from it . The organising "committee

of three" presented us with a swinging inter-

national Conference which will go down in his-

tory as a really BIG EVENT .

Throughout the weekend an Exhibition in

the Pavilion was maintained, with varied amateur

and professional stands . We must thank Pye TVT

and EMI for being present, as well as the stal-

wart British and foreign amateurs who brought

their gear along . Too long to list here unfort-

unately, but some of the photos will show what

was there .

The first big get-together was a visit on

Saturday morning, to the Pye TVT factory at

Coldhams Lane . A 52 seater coach and a few

cars took those interested, and a great many

fascinating commercial products were seen .

Thanks very much, Pye .

Saturday afternoon saw a very interesting

and successful "over the air" demonstration of

70cm tv presented from the CAT-70 studio by Ian
Waters . Staions in East Anglia contributed

their own particular shows, and by means of the

camera, gave us all a tour of their own stations .

Those contributing were NOX/T at 14 miles dis-

tance, REH/T in Sutton St James 36 miles away,

ADM/T whose QTH in Hadden]iam, 11 miles away was

plagued by mains failures (not that it stopped

him much), and AEV/T operating an OB on the

river in Cambridge . One highlight was a relay

of G6WJ/T, relayed to Churchill College via

NOX/T in Saffron Walden - a 13 mile hop followed

by a 14 mile one. As Ian Waters G6KKD/T was pre-

senting the programme at Churchill, he recorded

his own stations contribution on video tape and

replayed this to the Conference - couldn't be

in two places at once, he pointed out ; Ian and

his team worked very hard on this demonstration

and are to be thanked for their efforts, which

were highly professional in the face of consid-

erable difficulties . They also worked the talk-

in station G8DIY/A throughout the Conference .
This was followed by a film show, with pro-

fessional films on colour c .r .ts by Mullard,
I .Os and Klystrons by E . .' : .'., and the Post Office
Tower by the GPO . Interspersed with light-

hearted cartoons which amused everyone .
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The Convention dinner took place on Satur-

day evening and was very well attended and gen-

erally voted a great success . Guests represen-

ted the B .A .T .C ., BBC and ITA, RSGB, Pye, R .T .S,,

and EEV, as well as many other organisations .

Afterwards Gordon Sharpley, the Chairman, offi-

cially greeted the overseas guests - from U .S .A .,

Belgium, France, Switzerland, Germany, Holland and S .

Africa, and read a 21st birthday telegram from

Mike Cox who was unable to be present . The Pre-
sident of B .A .T .C ., Ivan James, spoke of the

growth of amateur television in the Club's 21

;ears - from the initial 25 members to todays'
1,000. He mentioned how grateful we were to the

early experimenters, to helpful manufacturers,

to the N .C .G .B . for all the assistance which had
made the Club possible . After exhorting us to

make more use of the r£ bands available to us .
he offered the thanks of all present to the
C :1T-7C organising committee of Grant Dixon,

Don Deid and Ian Waters who had worked so hard

to make the Convention possible . Finally, the

: :aster of Ceremonies, our old friend John Were,

called upon Grant Dixon to close the after-

dinner speeches . As well as welcoming overseas

visitors and making a plea for new committee

members, Grant once again reiterated the "Use

or Lose" cry about 70cm, which we were to hear

so often throughout the Conference .

On Sunday morning most people gathered to

hear lectures delivered in the Wolfson Hall .

Grant Dixon spoke on SSTV, noting its history,

its standards and the countries with the keen-

est adherents, and went on to show some practi-

cal circuits for slow scan use . He also menti-

oned the current interest in "watching" on 80m

and 40m . Next, Arthur Critchley spoke on Dig-

ital I .C .s, telling us about the difference be-

tween RTL and TTL, in price, performance, avail-

ability and use, and showing us some uses of

these devices . He finished by describing an I .C .

Grille generator, to be written up in a forth-

coming C Q - T V . The last lecture was deli-

vered by Mr .

	

Davies of the Ministry of Posts

and Telecommunications on the subject of Amateur

Licences. He described in a fascinating lecture

the need for licences, and told us of the need
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for discipline over frequency allocation . Men-

tioning that there were 15,000 sound licences

and 3,500 mobile, but only 181 television licen-

ces . He also told us that we must "Use or Lose" .
We have a very attractive band in 7Ccm, Mr . Da-

vies told us, and unless we are seen to be using

it other interests would be only too pleased to

take over .

The lecture morning closed with Malcolm

Sparrow thanking the lecturers for their efforts,

especially Mr . Davies who had broken his holiday

to come and speak to us .

The fin ::l event of the Convention on

Sunday afternoon, was the Club's A .G .M . Gordon

Sharpley, as retiring chairman, gave a resume

of the events of the past two years ; the dele-

gation from B .' . .T .C . to Armentieres, the fight

for the retention of 70cm,and the need for new

blood in the Club . He ended by thanking once

again, all those involved in making CAT-70 a

success .

Ivan James, the '.'resident, expressed his

appreciation of the organisation on the Con-

vention and hoped to see everyone at the

Swiss Amateur TV Convention in May 1971 .

Malcolm Sparrow, the retiring treasurer,

presented his last financial report, and ex-

plained the intricacy of it . His main point was

to put a resolution to the A .G .M . requesting

power for the committee to raise the Club sub-

scriptions . t o £1 IF NECESSARY . This was passed

unanimously .

The Editor ., Andy Hughes, made a plea for

more articles (almost all he ever says when he

speaksl) and Ian Waters spoke about a forthcom-

ing meeting with the Ministry of Posts and Tele-
communications on the subject of a new amateur

tv license to be negotiated . Comments on this

would be welcomed by Ian .

Grant Dixon then presented the prizes for

the best exhibits in the Pavilion to John Law-

rence and Herr Schaeffer of Germany .

After this the meeting concluded with the

election of a new committee, the results of

which are printed on Page 1 . This formally

closed CAT-70, a memorable 21st birthday Con-

vention to be remembered by us all long after

the final home-going .



Arthur Critchley lecturing on Integrated Circuits

Arthur Critchley's Integrated Circuitry on,
display ; the tiny item foreground is a grille generator!

Portsmouth Polytechnic's Exhibition Display

John Lawrence's Lxhioition Display
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Allan Pratt and camera in the CAT-70 studio

Jeremy Royle's off-air demo began like this

And Jan Waters identified himself like this

G6WJ/T relayed via G6NOX/T



TheTransmitter at G6KKD/T ; this was described

overthe air by Ian Waters, the builder

1970/71 COMMITTEE

I .J .P . James

G. Sharpley G3LEE G6LEE/T

A .P . Pratt

A .M . Hughes

C .G . Dixon G6AEC/T G8CGK

G. Haywood G6AGJ G8BBY

I . Waters G6KKD/T G8ADE

C. Chivers

J .T . Lawrence GW6JGA/T

N .N . Salmon
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John Lawrence's Caption Scanner ; this was part

o£ his prize-winning display

Tony Pattinson's miniature rack-mounted P .D .A .

Jeremy Royle G6NOX/T talking over the air
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by : A .W . CRI'1CHLEY Dip . El ., C . Eng ., M .I .E .R .E .

USING R .T .L . DIGITAL INTEGRATED CIRCUITS
FOR T .V . PULSE GENIIiATION CIRCUITS

PART 2 .

The pL 923 J-K BISTABLE

The previous part of this aeries discussed the
pL900 & pL914 .

	

This article shows how the pL923
Bistable can be used to form S .P .G . counters and to
directly form pulses such as Field drive, or
Composite Syncs .

The pL923 is a bistable which contains all the
necessary self-steering circuitry to make a binary
counter, but it has some other features as well .
Fig . 1 . shows the internal circuitry of one pL923
(or i MC790P)(or MC723P) and it is indeed a fearsome
eight .

(Cd)
1 soTeOT CLEAR SPOT EARTH +3 •GV
(Q)

O oUTpOT

(g)

Pin numbers are numbered anticlockwise from the
top and the flat is pin 8 .

	

Note, that this conven-
tion is the same as that for valves although not
obviously so .
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If dual-in-line (MC700P series) IC's are used
the pin numbering system is utterly different.
Some other differences are that the output loadings
are 10 and not 8, and certain resistances are
different in value .

The Manufacturers data refers to the inputs and
outputs as R,T,S, Cd, 1 and 0 . but in this article
the 1 and 0 are referred to by the more comm n
abbreviations of Q and Q. as fig . 1 shows .

	

To avoid
confusion with logic symbols .)

Figure 2 is the Logic diagram of figure 1 and
this is all we need to have if we remember the
functions of the various inputs from figure 1 .

Pine 4 and 8 are always earth and +3 .6V
respectively .

Pin 6, the Clear-input, if given a positive
potential, will make the Q-output low irrespective of
any other conditions at other inputs .

FF g 2

FL923

1

C eAR

S

T

R

Cd

If pinsl and 3 (S and R) are at a low potential
then the bistable will clock on every negative-going
edge at the T-input . These two inputs will not
drive the bistable by themselves .

Pin 2, the Clock-pulse input, (T) feeds the
biatable pair if S and R-inputs allow it to .

	

There
is a further internal self-steering action in order
to get the toggle effect .

This enables us to make a simple cascade of
biatables which forms a binary counter as in fig . 3 .
The waveforms of this are shown in figure 4 .

Fiy 3 .

	

Binary Caonttr
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Note that the convention is for Q-waveformsto
be given, so that the following bistable appea rs to
be driven by a positive-going edge, but since Q is
the inverse of Q, the negative-edge is actually
doing the work .

Fig, 4 . Waveforms for Binary Ca,wtr

INPUT

Note also that the input clock-pulse to drive
these bietables must be of 100 nS, or less, rise-
time-any old pulse will not do .

Suitable driving sources are other bistables,
schmitt-triggers, or one or more gates in cascade,
or any other especially fast rise-time source .

A sine-wave source will need to be squared off .

Obviously any number of bistables can be cascaded
to obtain a count of 2,4,8,16 etc . ----, 2n ; but
the problems with Sync Pulse Generators involve
counters of prime-number counts in order to obtain
interlaced scanning .

	

All the usual line standards
for interlaced scanning are odd numbers which can be
factorized into simple factors .

	

e.g. 625 - 5 x 5
x5x5,405- 5x3x3x3x3, 525- 5x5x3x7.
The usual 'valve' way of obtaining odd, or prime-
number counts was to feedback the output edge as
another input pulse to reduce the count by one, or
more, depending on the connections .

	

The trouble
with this is that the delay between input and feed-
back limits the speed of counting and also that the
output is not regular .

Modern bistable counters use the different
approach of inhibition of the counter thus missing
out an input-pulse change and therefore adding one,
or more, to the count .

	

To understand how this is
done, the functions of S and R-inputs of the
bistables have to be known .

Set and Reset inputs

The S and R-inputs perform a preselection
function .

	

If the S-input is made 'high' then the
bistable can be Set, but not Reset by the clock-
pulses .

	

In other words if the Q-output is low, the
next T-pulse will make it high, but if it were
already high, then it could not be made low .

	

So the
effect is that the bistable will eventually end up
with Q high if it is not already there .

The R-input performs the exactly opposite
function, and makes the Q-output Low (or Q high) .
Fig 5 shows this .

If both S and R are high, then the bistable will
not change state at all whatever its present state -
it is inhibited completely . (it can still be set Q-
low by the Clear-input,pin 6,however) .
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This preselection facility allows us a method
ofcleaning-up ' ,or stabilizing, jittery waveforms, as
figures 6 and 7 - show . The bistable is clocked by
accurately timed pulses which can be at the same
frequency or much higher .

Fiq ( . Stab<li;Inq a wave{m .

TIrneet INPUT

∎ s s

r

R

Such a situation may occur at the end of a
chain of counters which have variable delays (Ripple
counters,for example,of which more later) .

	

If a
higher frequency clock pulse is used, then if the S
and R inputs are made high and low such that they
are always opposite then the Q-output duplicates the
input waveform, but it has an accurate timing .
There is a slight delay which is up to one h .f . C .P .
interval . Provided that the S-input variation in
delay does not exceed the clock pulse interval then
the output will be stable in time .

Fiq 7. Acton of c,isujiIn FIq 6 .
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Counter types

However, from the Amateur T .V . point of view,
the main use of the }aL923 is in counters . There
are two basic forms which are Synchronous and Non-
Synchronous,or Ripple,Counters .

	

Basically the
Synchronous counters are more reliable scan be made,
sometimes, to give particular waveforms but they
have a high input loading as each bistable must be
clocked simultaneously and so all T--inputs are
paralleled .
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The Synchronous Counters have an input-to-out-
put delay of that of one bistable only which is(for
the µL923 100 nS for positive-going outputs and
60 nS for negative outputs .

Rippl . Counters may have a delay which is that
of several stages in cascade .

	

They usually have
strange waveforms and sometimes will not start
themselves . On the other hand, they have an in-
put load of, at most, two bietables or 10 units .
They are also generally cheaper to make and run as
they do not usually have extra gates .

Suitable Counters for S .P .G's

Various types of Counter are now given together
with comments on their performance, and suitability,
Generally the simplest possible is shown .

Fig a . T 3 Syoh rorws Counter
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This is the simplest odd-number counter, having
only two interconnections .

	

The clear inputs are not
necessary unless a known starting condition i .s
required ;in most counters the Cd-inputs should
simply be earthed (not left open-circuit as inter-
ference could have an effect) .

	

In the following
counters the Cd-inputs will be omitted .

	

The input
and output loadings are shown in the circles .

The above counter may be wired with AQ to BR and
BQ to AS if desired ;this merely interchanges the A

and B waveforms .

If the Q-outpute are used instead of the Q,-out-
puts and S and R also swopped in fig 8 . the waveforme
are both inverted .

If, in fig 8, AQ is joined to BR as well then
the A waveform stays the same, but the B waveform is
as shown to fig.9 .

This may be more useful for some applications .
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This counter now is almost a 'twisted-ring' or

'Johnson' counter, which is basically a chain of
bistables fully inter-connected (fig 10 .) where the
last-to-first connections are crossed-over .

	

The
result is a square wave generating counter of a
count twice the number of bistables .

FI 0 -4 -Twist'IIT Counter

This is a very useful arrangement for i,P .G's
because the decoding, is very simple, but this will
be discussed later . Note the 'shiftlof R,relative
to A,by one pulse .

It will be Beer. that the

	

3 counter has ore,
or two l of the links missing and a simple switch
could he added to change the count from 3 to 4 .

Extending the principle g'vee a

	

b counter and.
7 5 variation of it .
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"SHIFT,

The C-output is negative-going for the 5th input
pulse .

	

To count 6 the AS-input is joined instead to
CQ .

Swopping AS and AR and their feeds from BQ and
CQ to BQ and CQ inverts the waveforms as before .
Also, as before, note the 'shift' as the waveform
progresses down the counter .



Shift register counters sometimes have a snag in
that if the bistables happen to take up arbitrary
states at switch-on, the count is changed usually by
a factor of two, or so .

	

Clearing these counters is
therefore often desirable before counting .

This counter has less inter-connections than the
one in fig 11 . but has more irregular waveforms .
Bistable C is clocked from Bistable B . so it has two
bistable-delays .

The input loading is only 10 however .

	

Both
this circuit and that of fig 11 use nothing more than
three bistables .

the whole system is basically a ;6 counter with
inhibition to make it count 7 .

The gate output gives the final output .
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This synchronous =7 counter has a high input
loading factor of 20 but can be driven by a uL923 .
It is a 'shift register' type as was the .5 and
requires only a 2-input gate for decoding the out-
puts of any two bistables will do since the waveforms
are all the same .

	

This means that no thought need
be given to the gating if just a single pulse is
required-very useful for those who have difficulty in
understanding counters .

Cascading the counters

With these counters, any of. the usual line-
standards can be obtained . For example, the 525
system would be as shown in fig 15 .

The buffer/inventors are - pL914 each . - the ;3
counters not needing one .-in practice, the buffers
can be neglected for Amateur work. So the final
system would become as in fig 16 .

Fig I6 . Praot;cal 525 Intxelaoed Counter
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Decoding

This counter chain by itself is not much use
although the frequencies are correct .
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This counter is somewhat different as it uses a

ThisNAND-gate to inhibit bistable A .
bistable would otherwise be a binary counter .
Biatables B and C form a 43 synchronous counter so

This particular counter is self-starting under
all conditions of switch-on state .
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Accurate pulse widths'can be obtained from this
chain by a system of gating known as decoding .

Basically the problem is that the waveforms are
complex as a rule, or at beet have a useless mark-
to-space ratio such as 2 to 3 . Generally what is
required is a mark-to-space ratio of 1 to (n-1) and
this is achieved as follows:-

Fig 17.gasfo D-ai ., y .
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Waveforms A and B, in fig 17, are from a two-
stage binary counter which divides by 4 .

Pulse C is required .

A and B are fed into an AND, gate with Positive
Coincidence

Fil 18

A

	

A

}

C

	

D
B		B

as in fig 18 . and waveform C is the result, because
A and B coincide positively only during the period C .

Fig 19 . gives waveform D when A and B (i .e .
inverted B) are fed into the AND-gate .

Obviously this principle can be extended to more
than two inputs and the 47 ripple counter in fact
needs 3 inputs to obtain pulses other than the out-
put shown in fig 13 . (that gate is still required as
it is an integral part of the counter) .

	

For
instance,to obtain the pulse in the ;7 counter two
pulses later on than shown would require A, B and C .

As mentioned earlier, the shift-register type
of counter needs only a two-input gate to decode any
pulse no matter how large the count .

So for the 525 counter shown, the maximum number
of inputs to a gate for a 1 to 524 pulse at 60 Hz
would be 9 and the minimum would be 6, since the
~3 and '7 contain one suitable pulse already .

The obvious way to make a 6,7,8 or 9 input AID
gate is to use a ready made I .C . , but the pL range
has not got one .

	

(Although the M .C . 700P series
has) .

	

One car. of course string many pL914's in
series/parallel but a cheaper, and simpler, way is to
use diodes and a resistor .
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Fig 20 shows a 3-input gate for ositive pulses .

The invertor is present only to give good isolation
and prevent power-loss .

It is in fact a NOR gate-if any one input is
high, the diode conducts and the output is low .
If all inputs are low, then the output is high .
Note, the inputs A, B and C are chosen for Negative
coincidence (i .e . all low) .

Fig 21 shows the system for negative pulses .
(the output is the same pulse ; .

	

The diode p elarit-
i.e s are different :note that Germanium diodes must be
used as the forward voltage drop is low and the
following invertor has to be able to turn off with
the diode drop plus the counter bistable saturation
voltage .

	

This totals some 0 .IV .

	

Silicon diodes
would raise this to 0 .8V and the invertor would be
permanently on . (in Fig 21) .

	

In Fig 20 only the
2 .2Kw. resister is rot essential but is desirable to
prevent leakage current effects due to temperature .

For 3 and 4 inputs two pL914 outputs car be
paralleled as in Fig 22 .

	

Only positive pulses are
available from Negative-input Coincidence-i .e . all
low .
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The dissipation in each gate collector load
resistance is increased since twice as many trans-
istors share it now .

	

hence the temperature rating
is reduced .

	

Not more than two gates should be
paralleled in this manner .

Delay

A significant effect of gating several counter
blocks together is the delay between the various
pulses, due to the cascading .

This can be reduced in one of two ways .

1 1 . add more delay to the early counters

2 . add extra gating to each block to obtain
1 unit wide pulses between blocks and also
clock all bistables from a common source .

This latter method is very involved, and the
former method is the one usually employed . But for
Amateur T .V .(in a counter such as shown in fig 16 .,
the total delay is only some 300 nS max . can be
ignored .

	

Fig 23 shows the effect .
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The gated result is narrower by 300 nS as only
the leading edges are affected (in this example) .
This only becomes significant if the clocking speed
is very high such that 1/f is approaching 300 nS .

If pulses are changing in both directions at
some other point in the waveforms (see fig 23) then
a spike of up to 300 nS (but usually only 1 delay
_or 60 nS) may be present as well as the desired pulse .
Whilst this can be removed by integration with a small
capacitor after the gate, the edges of the required
pulse are also slowed down .

For most applications this may not matter, but
if the output is to feed a bistable T-input then
integration sufficient to remove the spike will
prevent the bistable from operating!

	

If the spike
is not removed the bistable will clock on it as well,
giving an output change for no apparent reason :

	

A
60 nS spike is practically invisible even on the beet
of Oscilloscopes!

Forming Pulses of known widths

For S .P .G . outputs the required pulses are
multiples of the counter input frequency . e .g . on
625, Field Drive is 71 lines or 15 input pulses .

Fig 24 . FPrminq FIwJci Drive (Cog)
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If we generate two pulses of 1 unit wide and
15 apart we can use these as discussed earlier to
feed the S and R inputs of a bistable and also feed
the bistable with the counter input pulses .

The result will be an output pulse of 15 units
wide at the frequency of the 1 unit pulses and with
the timing (and accuracy) of the counter input source
This enables field-rate pulses to have line-rate
stability which is a good feature of an S .P .G .

It is possible to make a saving here . If the
leading-edge pulse (S) is at the required frequency-
in this case 50 Hz- then the trailing edge pulse can
be at any frequency provided that it does not occur
until 15 units later . If it re-occurs later pn,or
lasts longer than one unit,it close not matter as the
bistable has already been reset by the first T-pulse
during this waveform and cannot be set again until
the 5-input goes low again . Thus the trailing edge
pulse gate need not have so many inputs to it .
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Fig 26
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Furthermore even the leading-edge pulse can be
of more than one pulse wide provided that it
finishes withir the 15 .

	

Hence further simplifica-
tion is possible .

This process can be done at line frequency as
well if the S .P .G . chain includes a suitable high
frequency divider from, say, a crystal of 4 MHz .-
which when divided by 128 gives twice-line frequency
for 625 : 128 being seven binary stages in cascade .
4 MHz gives a resolution of pulses to multiples of
250 nS . - 1MHz may be more suitable for Amateur work
-giving 1 uS multiples - as 1MHz crystals are easily
obtained .

Finally, by careful thought, Composite Syncs .
can be made up entirely by such methods if the
leading and trailing edges are separated and suitably
gated themselves by other pulses .

This is rather complicated but perhaps such an
S .P .G . could be the subject of article's in the
future

	

It is possible to make such an S .P .G . with
no Resistors and Capacitors in the logic, and where
no adjustments are necessary beyond the initial
working out .

To conclude, therefore, this article has pre-
sented several bistable counters suitable for S .P .G .
use and also the means of using R T L . Bistables to
obtain pulses of width equal to any multiple of the
input pulse interval .

The next article will describe a simple grille
generator using principles outlined in these two
articles .

Also, T .T .L . IC's will be investigated as these
are considerably cheaper to buy (in the U .K .) and are
generally faster and better in all respects than R .T .L.
IC's which are now becoming obsolete-which is why they
are available .

Further points concerning I .C . protection and
external driving will also be discussed .
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The Author wishes to thank the Directors of
E .M .I . Electronics for permission to publish these
articles .
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Editor.

Dear Sir,

Re the article on the Mullard FET
head amplifier, there appears to be an error in

all the Mullard versions of the circuit in that

R 24 should be 68 ohms and not 680 ohms . This

is the value given in the Philips version of the

circuit (Overgoor, B ., A Camera Tube Amplifier

with FET Input, Electronic Applications, Vol .

28, No . 4, p . 155) . There would seem to be no

point in the 20 dB odd loss that 680 ohms would

cause, and 68 ohms will give a match to the 75

ohms load quoted .

From my experience of this circuit, quite

a lot of "tinkering" is necessary to get a flat

response and a video sweeper is needed to make

a decent job of it . I ended up with C 10 replaced

by a 2 .7K resistor and 10pf from the emitter

of TR5 to the feed-back line . The latter inc-

reases the feedback at high frequencies which

otherwise tends to get lost around R 22 and R
23 ,

resulting in a large hump in the response at

1MRz . However, it is no doubt, all a matter of

layout .

David Wilkinson

New Eltham .

Dear Sir,

I was frankly amazed to see G6SOG/Ts
letter, which you printed in C Q - T V 71, advo-
cating a 405 line standard for amateur televis-

ion in this country . Is he trying to drag us

back into the dark ages? Doesn't he realise

that amateurs have always been in the forefront

in television, were transmitting 625 before
ITA and BBC, have a record undeniably enviable

and could no more relinquish their lead than

give up their hobby completely?

International links alone demand the use

of 625, and as only receivers using that line

standard are manufactured in this country, the

use of 405 by amateurs would be to condemn ATV

to a complete demise in a very few years . And

since almost all the redundant broadcast equip-

ment on the market is multi-standard, SOG/T's

comment that buying this will reduce our coats

is certainly no plea for 405 .

So please, let us all continue to use 625

and forge ahead with more improvements to
amateur television transmission - not drop back
into the past .

"Modern Amateur"

London, N .W .
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continued from p . 11

The square wave output from Try collector

is fed to the step generator . This consists

of Tr8 and D1 used as a boot strapped diode

pump .

During the positive-going edge of the square

wave, charge from C7 is transferred through D1

to C8, resulting in a positive step across C8 .

During the negative-going edge, C7 is recharged

from the emitter follower Tr8 . As the base of

Tr8 follows the step voltages across C8, the

peak-to-peak voltages across C7 is the same for

each step. This . ensures that each step is of

identical amplitude . At the endd of each line,

C8 is discharged by Tr16 .

Trli and Tr12 form a Darlington-pair em-

itter follower, which has a high input impedance

and causes negligible loading across C8 . The

"Step Output" impedance is about 3K ohm and is

only suitable for feeding directly into a pro-

cessing unit . If a 75 ohm output is required,

a further emitter follower will be necessary .

The vertical bar generator consists of a

pulse narrower circuit (See C Q - T V 68 page

10) driven from the vertical bar multivibrator .

The square wave output from Try collector

has a fast positive-going edge which turns off

Tr15 for a period determined by the time-const-

ant Tcl, 527 .

This produces short positive pulses at Tr14

collector, which form the verical lines of the

grille pattern .

The horizontal bar generator consists of

a line counting circuit which, after a certain

number of lines, changes the state of a bi-

stable to the on condition for the period of one

line, the signal resetting the bistable at the

25

The line counter consists of a constant

current source, Tr3, which is only switched on

during the line signal . Each pulse of current

charges C3 in a staircase fashion until Tr7

conducts . Tr7 and Tr6 are cross-connected to

form a regenerative switch which, when made con-

ductive, effectively short circuits C3 through

R28 .

A positive-going output pulse from Tr6

collector is passed through C6 and D2 to turn

off Tr9, thus setting the bistable formed by

Tr9 and Tr1O .

The negative change at Tr9 collector is

inverted by Tr13 and forms the "horizontal
line" signal . At the end of the line, a posit-
ive-going pulse from the junction of 25 and R6,

through C9 and D3, resets the bistable and ter-

minates the "horizontal line" signal .

Field drive is clipped and inverted by

Tr2, to clamp Tr3 collector, at the end of each

field, thus ensuring that counting will start

at the same point in each field period .

RV1 seta the current to the line counter

and thus determines the number of horizontal

bars in each field . The combined output of

Tr13 and Tr14 forms the grille output signal .

The "Grille Output" has an output impedance of

about 200 ohms and should be fed directly into

a video processing unit .

Both the Step and Grille outputs are approx-

imately IV . p-p .

end of the line . A field drive pulse resets STOP PRESS We've just heard G60PB/T Mike Boon of Speom
and immobilises the line counter, at the end of

has succeeded in tranmitting PAL colour bare to C 10/T
each field, to ensure that the horizontal lines

are synchronised to field frequency . Dave Mann of Wembley . More news next time .



FOR SALE R .C .A . 7183 display storage tube

Any offers to Harry Adams G3VZF

85, Rosecroft Gdns .,

Twickenham,

Middlesex .

FOR SALE

Scan yoke, line output transformer, converg-

ence assembly and panel for 2" neck colour tube

(72 ° ) .

	

€8

Sync pulse separator (i/p 1 volt video ; o/p pos-

itive or negative video and sync pulses)

Contact Mike Buss G60PB/T
61, Shawley Way,

Epsom, Surrey .

H E L P
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ADVERTS .
PLEASE MENTION CO^T V WHEN

35mm Filmstrip editions of C Q- T V each

nos . 1-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-70

B .A .T .C . Stick-on Emblems

A N T E D

WANTED

Tuneable cavity for 4X250 on 70 cms .

F/Lt . W .C . Brown GW8AIB

Pendref,

Caerews, Montgomeryshire .

rOR SALE

Assorted lengths of camera cable, 3 inch

and 4'2 inch 1 .0 . tubes . For more information

please contact John Tanner G6NDT/T

° / o Hon Sec BATC .

Has anyone any old camera tubes of historical

interest? Particularly 5527 Iconoscopes and

early CPS Emitrons . If so, please contact John

Tanner, °/o Hon. Sec ., who is willing to ex-

change any early tubes for modern working ones .

REPLYING TO ADVERTISERS

€1

5P (1s)

The above are available from the Club Sales Officer, whose address is printed on page 1 .

Exchange Rate for overseas members €1 sterling

	

$2 .4

The Club would be pleased to hear from members who would be willing to lend a hand with any

of the Club's book-keeping or secretarial duties . Offers of assistance, which would be

greatly appreciated, should be made to the Secretary at the address on page 1 .

B. A . T. C .

	

C L G B S A L E S

Vidicon Yokes For transistorised circuits €6 .50p (€6 los)
(Please include post and packing)

Paxolin Vidicon Bases 15P (3s)
Second Grade Separate Mesh Vidicons €10.50p (€10 108)

Monoscope tubes (pot luck, no choice of pattern) €7

"C" Mount Lens Flange 42kp (8e 6d)

B .A .T .C . Lapel Badge 174p (3s 6d)

With call-sign (6 weeks delivery) 27jp (5s 6d)

B .A .T .C . Reporting Chart 7p (is 4d)

B .A .T .C . Notepaper and Envelopes per 100 75p (15s)



TELEVISION TEST

ENGINEERS

We are looking for test
engineers to work on our
wide range of monochrome
and colour television
equipment - such as this
broadcast plumbicon camera .

The work will be varied
and interesting, and will
involve testing small
batches of our range of
products using the latest
'state of the art' techniques .

Applicants with or without
academic qualifications,
posessing initiative, ability,
and enthusiasm will be
considered .

The company has recently moved to the expanding town of Andover in
Hampshire within easy reach of the West Country and the South coast
and with good communications with London .

A contributary pension scheme is operated together with free life
insurance . Assistance with re-location expenses and housing will be
available according to circumstances .

Write or telephone or telex with brief details of past experience &
qualifications .

LINK ELECTRONICS LIMITED,
WALWORTH INDUSTRIAL ESTATE,

ANDOVER, HAMPSHIRE, ENGLAND .

TELEPHONE 0264-61345

	

TELEX 47132
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